RRIEKREFE TSUBAME H[REFIFA
THSEEMARTRE FAHARRBEES

RRIFKF FINEFERtE 2 —
HEF AHEEE

https://www.gsic.titech.ac.jp/tsubame



AREEEF LUVAERNDRMEED PODF 27 A JLIiE. UTOURLIZHY FT,
SH3EFEEFRIREES L UM AR TRERSEE
https://www. gsic. titech. ac. jp/kyodou/kadai r3

THIEEEXRAA FAMRERRSE — &

HEEREA
B4R, # AREEEEE o
HHL—AICBITR8—F Y REEENHD FDTD EIZ LA 5EME

T E RS MR LA R

DFENRREREQI-O DI N IE-HERIEEARSaL—3Y

BASHT7IOTHAL-RE8DF B R



https://www.gsic.titech.ac.jp/kyodou/kadai_r3

THIEEZMAA FARRBRSENRORERRRE — &
(FIRREZHR/FRFICTERLELEEFORHICK Y RHAER)

FHEARER
EHE A ARERETE
WX/ FRFICBITORRFNARRDFER

FRAERICLDERSHADDOEY LT )T DREERAOE

FEXRZRFREEFHERMFI TAHRE REL
[1] Computational approach to elucidate the formation and stabilization mechanism of amorphous formulation
using molecular dynamics simulation and fragment molecular orbital calculation. Xiaohan Ma, Kenjirou
Higashi, Kaori Fukuzawa, Keisuke Ueda, Kazunori Kadota,Yuichi Tozuka, Etsuo Yonemochi, Kunikazu Moribe,
International Journal of Pharmaceutics, (Z&:dY), 615, 121477 (2022)
DOI:10.1016/].ijpharm.2022.121477

KIPEAZY —T T A DRI
RREIKRFE EREXE

[1] Chikara Ogawa, Sotaro Nakamura, Takumi Aso, Satoshi lkezawa, and Kentaro Iwami, “Rotational varifocal

moiré metalens made of single—crystal silicon meta—atoms for visible wavelengths,”Nanophonics, Accepted,
2022(& & Y)) DOL: 10.1515/nanoph—2021-0690

[2] Kentaro Iwami, “Rotational varifocal Moire metalens at the visible Wavelength”, The 5th A3 (China— Japan—
Korea) Metamaterials Symposium, Online, June 27th 2021

[3] Kentaro Iwami, “Dielectric metasurface for imaging and visualization”, International Symposium on Imaging,
Sensing, and Optical Memory (ISOM) 2021, Online, October 6th 2021

MPI 77 —2a>®O7O774ILE LV —RA T AT 200
BEREEKRE=ZHE
1] FE &%, =t 2, /\& £A, X2 h#, MPI IZBITA/NMNIEETHOBIEN —XBEIFTIZLS
RIMEETHOBEFIMIIVI FTRAOEM, FBHRUOEZSHERE 2021-HPC-182, No.16, pp.1-8
(2021)

F—REFEICELD SOFC BB L D e R fZAT
U anfERFIE T 2ER B AR 5AE
[1] First—Principles Calculation and Multi-Scale Observation for a Carbon Deposition on a SOFC Anode Near
the Interface, Hirotatsu Watanabe, Teppei Ogura and Katsunori Hanamura

DOI:10.1149/10301.0825ecst

NFENFEIIAL—2a VTR FEBEBELEDHE
E L R EERRATRERYT / LEBTRE 22— #E LS
[1] Kotani O, Suzuki Y, Saito S, Ainai A, Ueno A, Hemmi T, Sano K, Tabata K, Yokoyama M, Suzuki T, Hasegawa
H,Sato H. Structure—Guided Creation of an Anti—HA Stalk Antibody F11 Derivative That Neutralizes Both
F11-Sensitive and —Resistant Influenza A(H1N1)pdm09 Viruses. Viruses. 2021 Aug 31;13(9):1733,
DOI:10.3390/v13091733. PMID: 34578314; PMCID: PMC8473006.



https://doi.org/10.1016/j.ijpharm.2022.121477
https://doi.org/10.1515/nanoph-2021-0690
https://doi.org/10.1149/10301.0825ecst
https://doi.org/10.3390/v13091733

FHEARER
EHE FARERETE
WX/ FRFICBTOEREFFRARRDIFHR

EHRGT—REERTAREBFEEET IILOWKEL
SRR ERE A RECE
[1] ZfEmE. A+iBREA. BB CE (BREEX), BET—2ZAWNVZ21—JILRYbI—VI2&E0F
MR R, BRIVEL—2LFER MEEEFR RRF— 3P08, 2022, RE




EEZEEA -
B, R AREEEE a
7

HAXZEZHEBZSE BIIE
11
17
21
23

M KZAAFHRER /SR
25
27
29
31
33

JEpE R ELE, - TE R KB
LRnLA ZILTV R LZRAWNVE=YIES SalL—2 3y

35

EBKEIERE . ERER

GPU U5 RA3Z AW =S KT - TIANIILY T KRE

39
43

RREIXRFRZERIFHER=5F ZH#




G e

H
EHE  FAREREESE
Y \ 1= 7
47
RRREZFXFREFEMEFWER 3 FH
49
BEBBHAL™Y L[ ES = 2= 7 #4r il B ER 2T
51
55
57
61
ERFMREMERBHEt
63
R RFRFIRETFHARRIERHE
65
71
EERMREMERtES
RIRIEHRIES T —2N— R D HERF E AT
73
HAXRFEFMERBEEFRRZEZNSEH ZHE
CFD fi# W SBRAR—)L DT N D
75

HRIEKE FikE—




(B 20) KR HMESE

TSUBAME £EIFIA SM3EE EEXEMNA BEREE

BHL—FIIHT25—7yREERS D FOTD JEICLHHIERET

Numerical analysis of surface current distribution for an automotive radar by FDTD method
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L—AERIBHSN-EMORAERS ML EMOEDEMMASL—FEFRIEIRFLTLENERIET
HLETCEELYEETHS. KA MOERENTIL., BREEETIIRADILATEKX LML FDTD % (Finite
Difference Time Domain method) [CKYTRIBETH D, LML, EHEHL—F DI K- EIRECEMERTRICLI
FDTD EtE#EMT 5=HIZIF. KIBELHE)Y—REHMELBREDHBEIH o1z, 5@, TSUBAME3O &
FDTD(24)ix%EAT 5L TCHEMBERTE, EYRDI—FVhERMDRABRD e T&fz, ChITkY. B
AMALDL—F REFBEDREEAN—XLBIVZIEENDENAN—_XLEBRBATLFHIYERDIENTES:,

Surface current distribution is an important physical index for understanding from which part of a
target vehicle radar waves will be strongly reflected. Surface current can be calculated by FDTD method.
However, FDTD method requires large-scale calculation resources and has large numerical dispersion
errors in millimeter-wave and quasi-millimeter-wave bands analyses. These problems could be solved
by using TSUBAMES.0 and FDTD(2,4) method, to analyze the surface current distribution on a target
vehicle. This method will make us able to be obtained clues to elucidate mechanisms of reflected waves
generation and fluctuation of received power for a vehicle target.

Keywords: automotive radar, surface current, FDTD, electromagnetic simulations, vehicle target
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B3 : Simulation of protein-inhibitor complex for molecularly-targeted pesticide development
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We are conducting research and development of molecularly targeted agrochemicals by applying the
same technology used for pharmaceuticals. The development of molecularly targeted agrochemicals
requires information on the complex structure of candidate compounds, which is more difficult than for
pharmaceuticals in the development of agrochemicals that target a wide range of organisms. In this
research project, we investigated the conditions for fragment molecular orbital method of target
protein-inhibitor complexes to obtain information that will lead to the research and development of
specific molecularly targeted pesticides using TSUBAME.

Keywords: 7549 AU FEEL. BERH

de
B

In

L4=]:0

AEDNREREEHDOSEYICKY., HRFERAS
NTELREOFERZELENMEBRNTEY, RERED
REORZENMAFIN TS, T THHTREES
TRLLATLWSETZICAL. 7 FREMNEROME
FRZTO>TLVS. 2 FRHNBREDOERARAREEDD
[SIX RNV BEERHILEMEDE SR DK
BEZRETILENHD LML EEMERTY,
HEEMNSIKICH=ERERAEIZEVT. ZNET
DEEZERMICHASHNICTIDIEERRETH D,
ZCT AFIIaL—2avcAVTFRLTLSHE
EEREHED. TOBEICHLEYF VT ORFE N
F.IFT AU FEERE NS B RO FEHEF
FEERALTIEEMERRIHLT LEYDOHR
ERTHVBENH D, ARRZEETE FHZN
VE-BREHESEOSFHNELIaAL—La 0T
STAVMTFREEDFHRIAETV.FHEERE®

P

FBEDRIES LU PIEDA (&5 FH #1748 B 1F RARHT
z

—~

1720

M=

RERDREIZFT. BVREELEFERMEA~AD
LA KDHONTIND EDT-HDRAFEFED—D&
LT RHEDI—T NIV NI BEZE D FREDEREN
ELEDFENEROAEREZED TS, ABIE
ARETCKBHEVNVE-TBRERESROSFEN
FUIaL—ar 0TSV AV FREEDFHR
%170y TSUBAME ZF ALE-EHRHG0 FIERN
REOHEREICEITS,

BRELUER

PDB ID: 5K6R A oEGENET hELEAE RER
% (Acetolactate Sythase: ALS) &¢ZFnZMRET S
RAWKRZWTIIDIVKRZILEIT I/ D RREH D



—DTHD. FIANNT VAT LA BEDES KHE
DHEERBNZ. MEFTHEFTIVZY B
(Thiamine Diphosphate: ThDP), 75EV7T=UX
LA FE (Flavin Adenine dinucleotide: FAD) 7
T T FMO St EICKYEHA 1=, 5t HIE 2 Node, Flat
MPI (28 7O+ R) T{To7=H'. Monomer SCC &
NETLIECATIZ—ITKYFHENFEHENT
(forrtl: severe (174): SIGSEGYV, segmentation

fault occurred),

FEH, SERDFE

BREEHEHZRELDD FMO FHEZETLEZD.
IS—ICKYEEMNRELTLE =8, BEELT
WA EREOHECH FRINEHELOLRELT
SICEELRMN o, SEDEEHEREFEL. P
RERZERALTHRO THEZTVEVLEEZI TS,

(B 20) KR |HESE



(B 20) KR |HESE

TSUBAME £ EFIA SM3EE AR mERKEE

FFAZEER BIRIHICH DR OB 75 & D55 O B R a fRHT
3 3 :Machine learning in neural networks on a dynamical balance
and its field—theoretic analysis

FAREERSE B B
Takashi Hayakawa

FiE BAKXE EFEH ARHEEZR EEZHH
Department of Pharmacology, School of Medicine, Nihon University
https:/mu-pharmacology.com

ARRECTERAERRZRESOERICHLEO<BMHEICH I PRV EHRRBEOR IO—TREL
T.BYRICAHALONLEIE LS HEEZF AT HEERBOLYRIFELFEINSFEMEICS T
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SHEAAITHLTEDIIGRE - FROBALLNEDLSLGHERTHONIDOMNERELHIENATETL
12 ZCTCDREREDLITHEDL Y RVHE DB REHRET 5 FEZIREL. TSUBAME D EIRE
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In the present study, we investigated reservoir computing with artificial neural networks whose
excitatory and inhibitory recurrent feedbacks are dynamically balanced in a similar manner to those of
animal brain circuits. This investigation was supported by JSPS KAKENHI Grant No. JP19K20359.
Using a statistical mechanical theory that we developed in the previous fiscal year, we probabilistically
described the readout from the dynamically balanced neural networks in learning. Based on this
theoretical result, we designed a learning algorithm that potentially resolves a few bottlenecks in
conventional reservoir computing. With large-scale numerical simulations of learning enabled by the
computing environment in TSUBAME, we confirmed that the algorithm improves learning
performance. The success in taking advantage of dynamical properties of recurrent neural networks in
machine learning might lead us to obtain a clue to a better design of artificial intelligence based on
recurrent neural networks.

Keywords: recurrent neural networks, GPU computing, machine learning, reservoir computing,
mean-field theory
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# 32 : The Unified System of Distributed Memory and Storages for High Performance Computing

FAREERSE
Fr)
il
FRIR KT B
http://www.ci.seikei.ac.jp/midori/

T ER (300 FIEE)

ABFIETIE, AR ZELOETHITAF AT MIBWTC, HEOFR ) — R ATV 2 —oDdH TR A%/}
WCoy 7 URBB A ATV ELUTREEL, &/ —RaT7 hoiilRORWEET /v A% B35 7 =7 it
ZEY mSMS ZAEZEL TWD. 2T, H—FtE /— R TIA<HAWSNS OpenMP, OpenACC X° C EFEIZLD
KRB ~DFLR %, 7528 L O KRBFEIA T —2 6 U TR ATREE Lz, AAEEEL, WAL R Th
DR EIT %L mSMS AR 4EL, SRR AT FDTD 23235 L Tl iz EH L, #5 —RICE=1%
KIUWET — 25T DM R R DR E IR E D IEF IR S TohoIE DR R E 15T

FE X ER (100 words F2E)

The mSMS, software-based distributed shared memory system, provides a very large shared memory,
which can be accessed from any CPU core on any computing-node in a cluster system without accessible-
area limitations. It realizes a parallel programming environment for shared large data on a cluster
system which is easy to use and similar to the single-node parallel programming environment, such as
C programming with OpenMP and/or OpenACC. The mSMS is used for large-scale acoustic energy
simulations in this paper and shows its effectiveness not only in the processing performance but also
in the program development.

Keywords: software distributed shared memory; partitioned global address space; cluster computings

¥ =1:0 ® R/ —RNAEVOHIPAZAEE X HRIBILA TR 2
77 AZFN N LD mPERER A T, BIfES MPI AYA ZEM DO EBLEFHR ) — R 2RICE E S 7z K
SHOBH, FEATVET LD T 07T LRFEDE T = Z~DOHIROIRNEIHT 7 A
AEFEMERRIZFRRSNTZEITE 272V ZNEBRT 5 ® UIRFIVAT NIBITHWHIT 0T AFFEDE
7=, PGAS (Partitioned Global Address Space) &5 /L FEMER] LD D u I BREE, API O# it

LIRFFSIVDBE 2 IS APl BHRESTE 1],
KIGT —HBSIRRIGA L 7o 7 2RI TREL T B0 AREE L, WHLBARR TH LI EH KL
DIFBHDLOD, ARRT VAR —FEEET —  mSMS % 3RHEL, HEF AT IS A4 S L C il
AFEIIZ RS TY, FiHE B - KikT —47 7+& HAEBL, B85 —RICE-0N5 K EET —2 o5k
AR MPL O X572 (TGRS U TH > DEHERER SR ORERENIEF IR S ThDHeE
720, EFRTEDRILT —F A XITHI RN 8D KB DA
FHRICITRIACERNVRE, Z<OREMSHBEETD
[2]3]. S

KFFFEIE, AT 2 Z b d kit s T2z 2 Y7 ETHHIFEAEY VAT A mSMS
FAZBNT, U FEEH AL KSR 7k mSMS (multithreaded Shared Memory System)
YT I ATY S AT AR, (ko L ITAY LD ATV ERRBIEAAT) L TH]
075 LR ARG T HEADI LTS HATREIZ T %72, &/ —RDOua—h )V AEY TR A%
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i A
| sms ki T—4 smsRET—4
! 7 KL ZZM 7 KL AZMH
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A f A FALE
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CPU =27, ~/vF GPU a7 7L, ¥ix 225050
MR FEECHLA, #HED APl % HHICHAE
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PI2IR I, B—FtHR/ —RTIR<HAVWLhL~
NFarmlF OpenMP X° GPU [[]iF OpenACC 728
ERIED~< VT ) —RAT oD API TH5 SMint b HE{L
LCEY, BIRTA—RDNOEG I D APL 2 #lGb

B CALIIRAB NN T T T BN T DL TED.
T 2 B O FH R SOR H Al REZ2 v AT LERBE,

A—=HDHHIEL, (DIEEHED C FikE sms 71
TIVBRIC I DER, (2) R ILARLSIE S A3 7]
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kAaFursL 7k, [M3IRT I, @0 as
TG AR —T = — AEAR LTS,

ZERA—F

/ ~
- { 2V F AT } { INF ) — Fﬂtﬁu}

t 7
\ i ;
2IVF/—F JRNVFAT ) JNFAT
+GPUiES | | +GPUHES | | +/ — FEILSY
N )

([ =AF/—F+INFaT+GPUES

X2 A7 VAENTaTTI T
IR 21— R|Z, OpenACC, OpenMP, SMint ®iIf¥|= A2 k%
M 27T CEHERMAGDETT s T LA0RET D

mSMS oS LEREE

SMint .
. _ SMint
bo¥RL—2 / SMint API \ 7":'1“3L\
MpG MpC
FSURL4A MpC SOy 5L

Shared EEFIEES l
mSMSRE %k +C \ngEA
‘ ‘ CavnA4 5
SMS
x57ar e Ke—] 5475y
mSMS 5247
X3 SMS(ZH1F 5 32D API

CESMS T4 75 Fa'éé;ﬁlﬁﬁﬁ %, SMint APT £ T, FHD
L~vd API %) Al ae

FDID (2,4) ¥ED</LF ) — RiFFIaLE

A BN LER DFRER AN 22 S 0 B (28T OafFgE
# & J:[F] T TSUBAMES. 0 {28\ T mSMS & VT, &
BT XX — I 2 b—3 g COWHLERE4T > 7=,
KB 70 F BRAT 2 B R ITAT 5 7= D
FDTD (2, 4) ¥EZ DR FDID EOAMEN B S
TWA[T]. v VvTF /) —FNRETOTa 77 I 70
EEMEN LS AT, XU —RpHEEE A
EFEY AT A nSMS ZFIHL, K4 oRxT N
a— RIRTERIS, RO — Fefich sk
W =Bl L/ e— N\ a—Crus 7
LT BT mSNS EHWEv VT — RIEET
1%, SIGSEGV ¥ ZF ANy RFZLB Y E— h—
V7 =y FHERIC LD FEOMIZ, M5 DAL

-
>



va— RIORTHRYVE—FTF—Z 7 ) n—F API
(sms_preload_array BE%) & HwC, FHEFIHA]
ICHFANCER ) — Ko7 — 227 ) 72y FT5
WREbdDH. T EBEE — L OfifERT — ¥ %
BUZBER L, 7 — RHNOIEFIEIZIE OpenMP % Fi|
THZEHLTES.
FDTD ¥ F AL D FE AL

B 4 TiX, sms_startup BIZLT SMS S E) S 1145

WZR—7"a 77 APWHNCFEI TSNS, &tk

@ sms_shutdown T~ /LVF /) — RETNKT & 5.
% ) — RTIX, KiliT— % % sms_mapalloc THEMR L
7et2, 4/ — R CTHEITHEY sms_sync 217> 721, NT
K AT > TOFEN—T 2 F4T73 5. GHEAL—T
WTIFIIRBZRIENRT — 2 O 7 = » FOFLaliE /a0
D, SMS VAT ARV ER S — KXo T —& 2
HEIWWIZZ = v F SR TRIREICHWS LS. FDID T
DT, Kf/L— 7 NITIL 2 DDME L — T N5
Fh, WTAD OpenMP Z W T L F a7 IZ LD
FILBE 3T oD . FWLE L — T O DI
sms_sync_drop P LV, FETREM LK — i
BIdXy v aX—UEENMTDONS.
ERT—X—¥57 Y 7 = v F % sms_preload

ARl FDTD R )72 27 L L VEHR O K 9 1L,
FTOWIZT 78 AT HiElET — & OFIFEN D> T
WAINHEE T, a2l T ARERT — X177
?beﬂ%%@vﬁf”?ﬁﬂbAbyﬁﬁ:

— X %7 2y FTLHOTIERL, TOREBHRT
(F—=%7 7 & ARNZ) I S dife T — & fElk
7 RUATHRELT, EEEksEEE—Y
—{E TV 7=y F TX 5 sms_preload BA% % F)
AL, SnlizmEbTE s, FrCERT —%7 7
T A BBER O5E, N— D SEGV N KT HR
Bx, @mbrAxnD.

sms_preload_array B, Wkt RKIKELZ] D H D
I DOE o BLS % 18 7E L C preload 3% B4k T, [
BN CHEREINCE N D A— T % HEIIC
FHHR L —45T preload T2H#TH LS. K4D 2>
DOEHIT 7T — b ® for XDORENT, X 5IZ7RT &
VBT —EDT VT =y FEMz D&, miEbIK
ns.
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EBRET—4FB/ 7Y 7 x> v F B sms_overload
n—JH)v ) — RIZET—ZDRNT KL AHEFHO
(K1 oA —F—_=TLANOHE) 1%, ¥4
M, 727EZARAN)ICHESNTNDDT,
preload B9, w7 —% %27 RN L A ZERICHE
THEICIE, FOT FLRAFHHDOR—V %) — KT
A FAfEE (RW) WCRREL THOT — X 2% TS,
D%, T o7 ) — R THHER—V~DFEZIA
BIND ST INE D DDOHEZZTERT D7D F ¥ v v

Ny

2= EFEAH LEA (RO) IR E LET. AN
D X HTIENGT — & ORI~ DE X IAZ N T2\
AliE, NV T T —H[FEH (sms_barrier) DERIC,

Fv v va—UdEERE (TRbLT 7B ZAARANO
E%@éhélmw,x%yyw%%®i5m
REE A 7 73, VIR LE U7 — &tk % =
J = Rb# 0 K LEAATS AT, Frvyia
— 2% NO->RW->RO>NO D X 927 7 & AR E
(mprotect Y AT Lha—)L) D IRIT Z LT D.
A CRES IS bR T — & & 0 I LA AT A (R
T U UVEEO X O R OYE) 121, W%@@
@7 —% 7Y 7 = v F T sms_preload Z H7-%%,
FEATFEM (sms_sync) DHEITNF ¥ v aX—T%
ZOEFE (RW) THREEL, 2 BIHUBEOKM AT » 7
T, T CIHFETL2F Yy vaX—VIlZ0EE
FEXT2 sms_overload Z W5 Z & Tk
Kitd. EEOa— KT, BE7aeyxo 770
Y ZALZRY, HEEREE AT v 7 (BT) DR
5?7“\—5 r—Ez overload 5 Z & T,
— 2 DT =y FhEIHITHFRLLTND.

preload,

b7

HBRELUEBER
mSMS FIFHIZ & % FDID (2,4) AABEOMAEFEM
2T, B o LS emiEkE fl o 72
(Preload APT F|fH, AT I ILEHEERLSDI) D,
~ VT ) — NI 2 FMEREREAn (6] & 7.
REFTAfiIZ, TSUBAME3.O (Intel Xeon E5-2680 v4,
2.4GHz X 2 / node, Intel Omni-Path
Intel MPI 2018.1.163) & JuMlK

18

14 core,
100Gb/s X 4,
2@ ITO Subsystem A (Intel Xeon Gold 6154,
3.0GHz X 2 / node,

core, InfiniBand EDR 4 X



100Gb/s, MVAPICH2-X 2.2) EC3E4T L7=. OpenMP A
Ly U Y —% 7 7 Fr L biZ 24 95, 7
—F Ay v at A RIEREET, 2 HRCHE LT
WHILIES 5. &/ — ROz B X3 1024 THD.
61%, 1 /—F»5 32 /—RETOWINHLE
i FDID(2,4) YA 3—® Weak A&7 —1U 7D
FEITHEMZ R L TW5. AflD’ Calculation’,’
Preload’” KUV Barrier’ (XZiLZ4L, pRHEIRR,
Preload API 2K 57 — & ZZHuEf], Y 7[RI

(B 20) R BEE

MZzRT. M6 O/ —R1DMHEIIN—AT A, T
bbb, H7—F7 7 F % T nMS M Lo
e DY TV ) — ROFEITRMZ/RL TS,
ITO-A 35 KUY TSUBAME3. 0 Z MW TR®OT-R—RF
A FATHEERNC XD 2-32 /) — ROIFATHRE O b
L, ThEN 1.07T~1.16 B 1.09~1.30 T
HD. BRI, mSMS & OpenMP TIEFI{E L7
FDTD(2,4) Y A R—ZIRIFHEAEA R A r— Y o 74k
RERLTNAD.

[#finclude <sms.h>
int main(int argc, char const *argv[]) {
double (*matrix)[y_size][x_size];

sms_sync(); // execution-synch.
for ( int time_step = 9;
#pragma omp parallel for

matrix=sms_mapalloc(dim, div, sizeof(double), 8, sms_nprocs);
sms_startup(&argc, &argv); // start mSMS system z
bz = NZ/sms_nprocs; // block size for one node

sz = sms_rank * bz; ez = (sms_rank + 1) * bz;// z-division

time_step < NT; i++) { // main loop of fdtd(2,4) method

Y
x r—‘—|
Node-0
Node-1
Node-2
Node-3

for (k = sz; k < ez; k++) for (j = sy; j < ey; j++) for (i = sx; 1 < ex; i++) {
ax[k][j1[1]-=Cax(K1*(p[kI[j][i+1]-p[k][j][1])-K2*(p[k][j][i+2]-p[k][jI[i-1]));
ay[k]l[jl[i]-=Ca*(K1*(p[k] [j+1]1[1i]-p[k][j]1[1])-K2*(p[k][j+2][i]-p[k][j-1]1[1]));
qz[k][j][1]-=Ca*(K1*(p[k+1][j1[1]-p[k][3][1])-K2*(p[k+2][j][1]-p[k-11[]]1[1]));
}
sms_sync_drop(); // execution-synch. & discard cache pages
#pragma omp parallel for
for (k = sz; k < ez; k++) for (j = sy; j < ey; j++) for (i = sx; 1 < ex; i++) {
plkI[31[1]-=CP+(K1*(ax[k][31[1]-ax[k][j][i-1])-K2*(qx[k][j]1[i+1]-ax[k][j]1[i-2]))
+CP* (K1*(qy[k][j]1[1]-qy[k][j-1][1])-K2*(ay[k][j+1][1]-qy[k][j-2][i]))
+CP*(K1*(qz[k][31[1]-qz[k-11[3]1[1])-K2*(qz[k+1][j]1[i]-qz[k-2][j]1[1]));

}

sms_sync_drop();

}

sms_shutdown();// finalize mSMS system

4 mSMS IZF1F 5 FDID (2, 4) WHIAS /v hra—R

size_t g_stld[3]= { NZ,NY,NX}; // global data size
size_t e_size[3]= { load_ez - ez,NY,NX}; // prefetch data size
if( time_step == 8)

else{
// overwrite cache page

// prefetch e_size data from &matrix[ez][8][@] pointer to cache page
sms_preload_array(&matrix[ez][8][@], g_stld, e_size, 3, sizeof(double), 1);

sms_overload_array(&matrix[ez][8][8], g_stld, e_size, 3, sizeof(double),1);

2.5

2.0

}
5 747V 72y FRHAROAF L R ra—FR
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weak scaling ERE  sms_preload I
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Time (s)

15
1.0
o -J! -JI
oﬂ'll
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0.6
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# 3 : Numerical analyses of fluid dynamics in pores of landfill waste layer
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Kazuyuki Suzuki
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FBIH

AMETIE. BEEYRELSISABOKOHARDFNHEEOES MELHERT—LORAFEEZENEL T, BER
ARBEITORIETo-. EFMIZIZZE A FEX(C Navier-Stokes HFEXZFALVT SUPG/PSPG EICEIKRE
IEEREFREICKYBEEL=, &5IZ,GPGPU avE1a—TA T LKA HENERILER A 1=, EIL—RAFE
RADKARIZIX GPBi-CG EFEAL, YILF GPU 2F AL TEELHFHEIZELSLIaL—avEiToT=,

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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FE 3 : A study of light emission phenomena using fluctuational electromagnetic simulation

FIRREREEE
BH &

g
HRRZEIES
http://www.eng.niigata-u.ac.jp/~rad/index.html

I ER (300 FIEE)

A ETIE, FEHFHNEF (light emitting diode ; LED)ZR W= BHT+=ZHU R
(Thermophotonics ; TPX)HE BV R TALIZEB L. THIXIIVARIC LED #HWNSZEMEHTHS. LED
Tlk, EEZMMUTIEFEEIREIZTEIET, T5UVDERAICKEBAERBGFEIEEL>fzTLYMALER
TUREEENZRENREZELS. TD=H, EAGICEOVWTEEMERLIRILE—EENTELAREENHS.
TPX SRTLIE, RELBNEEEZETIREFETHD. Tz, NMTRAONNTAEIXRTHILTHENH
ELTHIGRATES.

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

de =2

-l =]:0]

RE, HARETORERGCIELITHEL, TRILE
—HEOHEM, EARHOMBOHEREIENAKE
HEEELG>TWS. BICREHAREXKDHRLELEIC
&Y, BRFAIRILX—DOERIHD. COKIGH
Ko, TRLF—FAOEHERLELCBERIRILT—
[CEOTEAHESNIBERREIRIILT—OFAICE
BHEFEF->TLS.

INSDOMBORMRED—DELT, iREGHRNLE
TN HE (Near-field Thermophotovoltaic ; NTPV)
DRTLBHS. NTPV P RXTLTIE, KEELFEZITT
BLIBDOHRLGESHRGRBENFATETHD.
BREL, KBAFREELKRSMENEEVAD, KRR
RATIIVRIZK-T PV HILOERERRHIZES
L=
LAL, IZvHE PV wILEIDERE T/ A—NLRYT
—ILTHEFETILENDY, EAEEMNNSENS

BASHRAEMS T HETRHELGRENTES.
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FERNHS.
ZCTAPRTIE, FBMAE RN FF (light
emitting diode ; LED)ZR W\ BTAF=9 R

(Thermophotonics ; TPX)EEL AT AIZEBLT:.

ML NTPV RELRATLERRY, T3vARIC
LED ZAWAIENHHTHS. LED TIE, EEZE
ENMLUCIEFEEIKREEICTEHILET, TIUVDEBIICK
HRAMF LI ELG =TI ViRtV R(EL)E
FENDRNAEELD. TOH, BAGZICENTE
EMELIRIF—RENTEHAREEAHD. TPX
DATLIE, REQENBEEZRILIREFAETHS.
Flz, NATRADOMNTHEEIRTDHIETHEMEELLT
LIGHATES.

HRBLUER
TPX Y AT L@ LED-PV LD SLGERUREE
HET A0, BHBHMAESIaL—Yav AL



f=. —RLTERIKRMITFETE, AREEZRE DY
AOSELIEHEERRTELL. BBBEHIZOD
BRTIX, AR TIUS LICRESHT 5 FIRE
ERBERELCIIRVIILARBRROEREEDE
[CEASINhD. RXOBHEBTFREHERS
2OERERAANDEITEST, 2 YWIARIDESL
SHRTARIRELES.

CNETO TPX 1T M K(E, RE, AR T
LOWFNLEEETOERZEELTLSELOMNF
LAETHY, EAHBTOERERELIZV AT LD
R IEITHhN TG, TPX Y RATLEERAST
ERTAEODREBEEFHELTUVRATLOREEN
LED OBEENELZE LELZRENHD. LHL, ERIC
FIEMSTEREEOREIA/VRTbUGEDIFELE
HHLEETOILELNHD.

ZITAMETIE, TPXEELRTLD LED &PV
TIVIZAW R EARMBELT, 2BT 7T
(bilayer graphene; BLG)ZML‘%. BLG [ —~E

ELBEITHLTNURF vy THAEILLTEMETHY,

HERBEWAUR Xy TEMB O\ FXvyT K
EOAFNELGYOT . B8, V7V BEFFE
EEHENTIIVIRTRTIOIHEG/N\UFEES
O, NUFRXvy T2 AT HARTFLLTE
FATELGL. LHL, F3T7z0h2BER -1z BLG
DHBEICEVTIE, BEEAAOTS—FEEZHMT S
CEITES T2 D RF O REERFFEMNFN, /NF
FrovT AN I=OFRAERTFELTHRATSIIL
NTES.

HEETILOMBERE Fig.l ITRY. CO#EETHE
WETo=#ERN Fig.2,3 THD. Fig.2 KYiAEHHE
BCIEEBISIUTINAR, 2B 570 T/I(R
HICERBSIRFREZRECLAZ I RIILF—EENE
COoTWLWSDHAHERTES. —AT, Figd IT&DERE
FISEBTITIEBI STV TNARATIEEEARE T
E2H, 2BY STV TFNARTIINUEF vy TEER
HETRAMSTRRUEDIRILF—(EEAERT
FETLS.

T, SHRORE

AMRTIE, BBEERFIaL—aVEAN
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Fig. 1 Schematic of the TPX system.
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Fig. 2 Spectral Energy flux between the emitter
and the PV cell at d = 0.1 [uml].
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#E X :High-order flux reconstruction method for the hyperbolic formulation of the incompressible
Navier-Stokes equations
on unstructured grids

FRREEEE
B R#

i

M KZIEANERRR FIRILEF—HFEEHM
https://www.tj. kyushu-u.ac.jp/

IR (300 FR2E)

BT HE (100 words FEEE)

A high-order Flux reconstruction implementation of the hyperbolic formulation for the
incompressible Navier-Stokes equation i1s presented. The governing equations employ Chorin’s
classical artificial compressibility (AC) formulation cast in hyperbolic form. Instead of splitting the
second-order conservation law into two equations, one for the solution and another for the gradient,
the Navier-Stokes equation is cast into a first-order hyperbolic system of equations. Including the
gradients in the AC iterative process results in a significant improvement in accuracy for the
pressure, velocity, and its gradients. Furthermore, this treatment allows for taking larger time-
steps since the hyperbolic formulation eliminates the restriction due to diffusion.

Keywords: Hyperbolic method, Flux reconstruction, Unstructured grid, Incompressible Navier-
Stokes equations, Artificial compressibility method

EaLBmW

High order methods, such as flux
reconstruction (FR) method, can achieve high
order spatial accuracy on complicated geometries
using compact stencils that only involve
immediate face neighbors. 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). A challenge that arises when
solving the Navier-Stokes equations using the
classic formulation i1s the severe time-step
restriction in diffusion dominated problems.

Even in advection dominated problems Q.e.,
high Reynolds number flows), localized high
diffusion areas, either due to a high turbulent
eddy viscosity or an artificially introduced
stabilization viscosity, can have an adverse effect
on stability, especially if such regions overlapped
with highly refined mesh zones. To address this
limitation in the context of the flux
reconstruction method for incompressible flows, a
hyperbolic method [1] for solving the advection-
diffusion method i1s implemented in the flux
reconstruction code PyFR[2]. Using hyperbolic
diffusion, the restriction on stability from

23

diffusion can be significantly alleviated.
Additionally, the hyperbolic method was found to
increase the accuracy and order of accuracy of
variables and their gradients. This can be a
desirable feature in applications that require
accurate gradients.

M=

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 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.



Numerical tests of the hyperbolic
incompressible flux reconstruction

implementation showed significant reductions in
the absolute error of the field variables and the
gradient of the velocity have been demonstrated .
Additionally, it has been shown that equal orders
of accuracy can be obtained for both the field
variables and velocity gradients. Numerical
results suggest that the improvement in the
order of accuracy of the velocity gradients lead to
a matching improvement in the order of accuracy
of pressure. Analysis shows that the time-step
requirements are significantly relaxed when
using the hyperbolic solver.

This leads to a considerable speed-up of
convergence especially for diffusion dominated
problems where the parabolic restriction can be
quite severe.

The strong scaling performance of the
developed solver has been shown to be superior
to the existing INS-FR solver due to the extra
communication required for the computation of
the viscous fluxes in the latter.

10-1

HINS-FR, AT = 0.009
INS-FR, AT =0.004

-
(=]

Residual
oA
=

10-7

2000 4000 5000

Iteration

0 1000 2000 6000

Figure 1: Convergence of the residual of the
pressure for laminar flow past a sphere at
Re=100 using the classic incompressibile NS
(blue) and hyperbolic method (red)

Figure 1 shows the significant reduction in the
number of iterations required by the hyperbolic
solver to reach convergence, when compared to
the classical incompressible solver.
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Figure 2: Strong scaling performance for the

developed solver on multiple GPUs in
TSUBAME

Figure 2 shows the result of a strong scaling
study carried out on TSUBAME, demonstrating
the better scaaling performance of the hyperbolic
flux reconstruction method.

FLEOH, SEDEE

In this report, progress on the development of a
high-order hyperbolic method for incompressibloe
flows 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 reducing the memory foot-print and
computational cost of the solver.
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# X :Development of Al and simulation technologies to accelerate ocean-bottom exploration

BAx B

Hirotada Hashimoto

RRFFIKRE KRERIZFHRH
Osaka Prefecture University
http://kyoindb.osakafu-u.ac.jp/html/110441_ja.html

BERMBORKEDHCLLIERTMGE, AEMZAV-BEEZFEODEEZEMNEL TS, SMEL
PEHICEAL T DA T T, EFNERMHFEAROSND=0, TOE—HELTERE Q FZEITHEDK
BREM Al ORFEZEIT o=, -, BETORE - GHEEOFHFEZILESES-OIZ, BERERED GPU
Y2alb—Yarva—rzREL, TOBEERIEETo-,

The importance of seabed exploration using research vessels is increasing. An innovative ship
control is required in a situation where natural disturbances complicatedly change in time. As a first
step, we developed Al for autonomous ship maneuvering based on deep Q-learning. In addition, in
order to accelerate the development of mining and mining equipment, a GPGPU DEM code for

simulating seabed environment was developed.

Keywords: Seabed exploration, AI, DEM, GPU
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Fig.1 An example of ship trajectory of collision

avoidance by Al
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Fig.2 Visual comparison of discharge flow
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FE 3 : All-atom free energy calculation of long-chain compounds by chain-increment method
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Nk RBFEETE. RTIL—THEELDOERE A L% LT, polyethylene(PE)/polyvinylidene
difluoride(PVDF) I L > K KU poly(vinyl) alcohol(PVA)/polyvinylpyrrolidone(PVP) FL U R R DREE ¥
TJREHIRLF—22RFAFHAFEIaL—2avEAVTHEL, BFRT—ILOIRILX—FH
BLUBERNICE>TILUFDOEB/IERBELCZORRZHSAICLT,

F X #$% In this project, Gibbs free energies of mixing of polyethylene (PE)/poly(vinylidene fluoride)
(PVDF) and polyvinyl alcohol (PVA)/poly(vinylpyrrolidone) (PVP) blends were calculated by all-atom
molecular dynamics simulations using the chain-increment method being developed by our group.
An atomic-level energies and structural analyses revealed miscibility/immiscibility of the blends and

their causes.

Keywords: all-atom molecular dynamics simulation, free energy calculation, polymer blend, mutual

miscibility
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27

DTV HBEERY . REGFEIRMIDN D,
ATODHLTIF. COMEZERRT 50,
BAFNE/I—DBYRLEENSLLRITER
T5. BN FEARTIIGL ZDERERTHSE/
Y—DBREMEBBRIRIILF—Z5HETIILEER
52DTHD. BHRFITETHE/X—BEAADAEM
HHBEIFRILF—IX incremental chemical
potential &FE(Eh . RILEEDRYRLE/T—D
BNSVRER)T—([FE—FEITHRDHEAHFE
N5, RUT—EHEEODEHIRILF—(E
incremental chemical potential M #FN&EL 578,
HE
No2EDILERTUIVILERBLHILNTE
NI, FHEBEEKIBICERTH2ENTES,

KD #D incremental chemical potential

BZE

AREBEETIEZ. ESAEN = 100D polyethylene (PE),
polyvinylidene difluoride (PVDF)HXUZFDRY T
—JL K RTH5H PE/PVDF JL UK, polyvinyl
alcohol (PVA), polyvinylpyrrolidone (PVP)E &L U%



DRYI—TLUETHSD PVA/PVP TLURIZDUVT,
B ESFISFICERSEL-REZAELTEZRF
MD Y2alb—YavitBzE{Tofz, SIS /oniF
&t
B #1745 o1=, incremental chemical potential A5
TUURRESLUSBREDBE S F2ADIEERT
Viv)LERELY . BEXTRABHIRILF—ZFFE
THIETILUFDEB/IFERBEEHEL -, EBIC,
IRILF—RBITED FRT—ILDBEBTHNDS,
TLUROHEBIBEEBAEDREEE L,

fE8iE (2 & O< incremental chemical potential

BRELUSBR

11 PE/PVDF LR H DR A E 5 F(PE,PVDF)
@ incremental chemical potential & UVE/v—H
MFEHREERAIRILF—O PVDF ®ILHEKEFHE
XY, ENBE PED., AABE PVDF OFERTH
Y. 18D 0 A PE Bty %R,1 » PVDF B DR D
#ERTH5. B8 PE OFBE. ILVFFD PVDF O
FSICHLTEAIRLF—LHEEERIRLY—1
EHoHELDIZHL., PVDF [ETL 2R @) PVDF O
B EMNMBEZBDELBITELLBAITKRELGY, LZEMIC
REAELTUL Thl(d. PE A EBHRII—THD
AP ZIZEBEIZIEBIE D FAVKIABIE S F AL
FOINIRILF—MEENEFFEAEZITEODITH
L. PVDF H 184K T —THHHP Z IR CIBHEARY
Y —T&%% PVDF LDFEUVDEN AL DHELILFER
MEDEWVCHETHEEZLND,

® total A PE contribution .| PVDF contribution
solute PE solute PVDF
ofF T ; T T
g 005 g & T 5] a 2
A
E ol ¢ 6 o o 0o B 1 . B
©
g sy + ¢,
B R0 T o o R
g m5¢+ T ®
030 [, , T
or = N A A
= o S| 1 - A
5 2.0 N & o R A
E mot A =] a
s e ©6 06 0 0 o .
X 6.0 ° -
A ° 5]
3 08.0 + ® o o °
010.0 t

O U613 UZ2BEE 1 0 U 1R 12 2B Ee o

mole fraction of PVDF
1: PE/PVDF JUL YR D& B E D incremental
chemical potentialAp"* & kU E/ v —HBAFIJHEEEH
IRLF—(u)DIL UKt PVDF EILSEKEME, EH%

® PE. &54%%H PVDF O#RERY . RELUEREHL

28

(B 20) RR|HESE

ThiBiE PE 2 FLBE PVDF 5 FOFE5ERL, B
FENSOMEBKRT D,

g 03 | e B
3 o o %
< 02t ) " g
= ° L)
(DX .
€ 01 f
<
O." ! ! ! ! ! \.
0 1/6 1/3 1/2 2/3 5/6 1

mole fraction of PVDF
2:PE/PVDF JULVERRICEITSE,. E/7—H-YDESR

FITREBHIRILE—D PVDF EILSEKEM,

2 13X 1 > RIiEL o1 PE/PVDF JLURZDR
AFXTREHAIRILY—0 PVDF EILDRKEHET
H5. ILUFKREIZHDETDH PVDF EILHECD
WTIEEHE->THY., PE/PVDF JUURIZIEREBETH
BIENDMND, CORRITERBERLESLTLS,
SHISHE 1 DERMIS, ZOTLURNIERATHS
M 1% PE & PVDF W IEB - 1B HER YT —THAHI &I
&% PVDF-PE BOHRMENFENIENRETHAHS
E D hot=,

FLEH, SROEE

2R F MD P2al—i 3> ERWRYY—RE/
FHBEDHEF ETHLIEREANEL%E PE/PVDF
TLURD&SLBEETEHR)T—EFRELTETL.
EREREBEITHIRRERDCENTE -, T,
BRENENTLUREBAMFEMICERTHEILE
TELTWS, STEMEREZR LESEH-OIC, S ER
FOELLIEBINSEDODREELLTETOND, KR
BT, TR HEORSEL>TER N=100 &LLTE
BETGoA . SEREBREFTRAEHAIRILE—O
HEERFEEHZARDLILILY. LYRVRESOES
THRB/FERBEDHENAENEINEHARSFE
THb,



(B 20) KR |HESE

TSUBAME £EF A SHMIEE FMAE RERSE

FIARES ebET LTIV -RRRTFIESEROHEEEREN

# X :Interaction analysis of human serum albumin-cyclic peptide complex
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FEIGLEL CIERE HEZED CODBIR T FRTHLN, BHEHICL» TR IR~ LS TLED
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F U DEHT I ERREE LT VT ORI T S BROF AAERA N RSN TOBIERHBNE 2T,

FE X ER (100 words F2E)

Cyclic peptides have attracted much attention in recent years as pharmaceuticals, but they face
the problem of being rapidly eliminated from the body by renal efflux. In order to overcome this
problem, binding to the transporter, human serum albumin, is important. Analysis of the interaction
between cyclic peptides and albumin in complex structures will reveal the interactions that are
important for binding to albumin and will be useful for cyclic peptide design. Molecular dynamics
simulations and interaction analysis were performed on the complex structure of human serum
albumin and colistin. Interaction analysis revealed that the interaction between the linear amino

acid structure of colistin and the polar amino acids of albumin is formed.

Keywords: Cyclic peptides, Human serum albumin, Molecular dynamics
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3 : Large-scale computing of pouring coolant on the electric coil
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E X

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 spreading area depends on the rod gap. Since the spreading on
the surface at the top layer decreases as the gap increases, the spreading in inner layer also decreases.
This tendency can be normalized at each layer by the dimensionless number.

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

Boltzmann method
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(a) Lgap/Ln = 0.282.

(b) Lgap/Ln = 0.423.
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# X :In silico molecular design for understanding antifungal mechanism of heronamides

ZEREKBA / Hiroaki Saito

JtBEXZ / Hokuriku University
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In this study, we have carried out molecular dynamics (MD) simulations of heronamides in the lipid
bilayer to understand the structure and dynamics of compounds in the membrane.

Keywords: heronamide, lipid bilayer, molecular dynamics simulation, free energy profile
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DiamondTorre LRnLA 7/ 3V X AL, VOARAT I VBAEE B AR — D=0 DT —ZD [ kic
&7z temporal blocking 7/VIFVALTHD, 725t HIREIIE VN, ZOT —XD STt 2ET—
2O coalesce 3L aligned 7 —# 7 7R Z#ENRHD, —F7 FArSh 7 — 2k, B mBUeefE 7 ay
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The DiamondTorre LRnLLA algorithm is a temporal blocking algorithm with good data localization
for cross-stencil numerical schemes. The Arithmetic intensity is high, however, the traversal of a
diamond shape is not convenient for coalesced and aligned data access. FArSh data structure has
been introduced previously to transfer data for wavefront-type temporal blocking procedures. Here
we develop the method further by describing a simple way for FArSh indexing, as well as for space-
filling curve in the main data storage, in one diamond, and in the exchange between DiamondTorre.

Keywords: LRnLA algorithms - temporal blocking - data structure
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H X : Large-Scale Propagation Simulations of Ultra-Wideband Electromagnetic Fields in Millimeters and Terahertz
Wave Frequencies Using GPU Cluster
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SYEF - TINVYEICEITAER MO ERBFLLELT. EROELEENKREL RELEIKROE
THRAINEZENAZ L, LML, DELUBREHZEBROILRILY —2 RIZIRIE - 8L ELAE - RETAZED
BENMNEFEETIE. ZETHOFTAFEOEHEINERL. FENSINKELLS, HICERNGIRIBE L.
B XH N OB FEORLIGETYHIEFEEL. GIRKREZELLFRTIZLITIRETHD, T T A
HMETIE. AT/ RAEDERNREICEOTIVRHE G 28 GHz ) BROZIEENEZEREICTAT S0
2. KIREBHR I aL—2a o BMiEmMFE LIz, EEIC. KES 3 x 4.8 x 2.6 m* RIEDFEHTET IL(FY 384
EEILTH 2 TB OFEAAE))ITRL T, KIFHE GPU H5R RV FIETEET o8, 32 /—F(128
GPUs)IZ& BT EBMIL 1000 ATy T HzY, $32 P CTEANGHEBMTRADIENTE . BEDETE
HETIX, BTN TFAIRETHAETILTHAN ., TSUBAME3.0 #ALVT 28 GHz BN ERIGHIZEDAEHFMN
AR THAEERLT=,

Electromagnetic wave in millimeter-wave and terahertz bands is normally used in the line-of-sight
communication systems due to its directivity since the size of the wall, building, objects, etc., is much larger than
the wavelength of the EM field. When there is an obstruction such as absorbers, scatterers or reflectors inside the
Fresnel zone of EM propagation path, the receiving power at the receiver fluctuates and changes abruptly.
Therefore, it is difficult to predict the receiving power in such cases, especially, an indoor propagation environment,
since it includes many scatterers such as chair, table, shelf, ceiling, wall, and so on. In this report, we have
developed large-scale EM simulation technique for prediction of receiving power at 28 GHz in an indoor
environment (office environment). As a first step, we have performed simulation of mock room having a size of
4.8 x 3 x 2.8 m* (40.3 billion cells with 2 TB memory usage) by using 32 node (128 GPUs) of TSUBAME3.0 GPU
supercomputer. It takes approximately 32 minutes to calculate 1000 time steps using TSUBAME3.0. Therefore, it
has been shown that large-scale simulation of 28 GHz EM propagation inside an indoor environment is possible
using TSUBAMES3.0.

Keywords: 5DF2%&
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BENHIARETHD, FICA T REDBRRNEREE
[CBWTIE, HRREEEYICL>TERIEESN,
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Electric Field (dBV/m)

Electric Field (dBV/m)
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2 T E N o BRI
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T, HhShMNeLIIC. ERBEIFEHEMICEE
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Large-scale phase-field simulation on the formation of polycrystalline microstructures
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B85, KETIE, 7—RXT74—ILREEES GPU HHHEICEDE, EERBEEDOBKRFES 3L
—xaz%:ﬁ’éfﬁ%bt. IHIC, HHHOBERAEFAN-HRARRKD 2D ELUV 3D I2aL—a0F752 L
HER RO RMIES ’C?iaé:l:i’ﬁﬁif@ ROZEMOMBMBPZERAT-. FEDOERALFABERED R
ﬂ"(ZJ:I: FRIFILF—L, BEELEZE LS -RMMBAREBES I 2L—aVEERL, Y3al—Y3
/ﬁ‘*%&:l:i’]iﬁii [CRDEEMBEFHMICLLBLI-ER, BEAOEERREH(EERROKEDEE,
ERRLBEICEZETIRRY A X)) N ERERIFICT—HTIENA WO TEEMICHL M EEST-.

This study developed a large-scale simulation method for abnormal grain growth phenomena based
on the phase-field modelling and parallel computing on multiple GPUs. The developed method was
applied to 2D and 3D abnormal grain growth to elucidate the validity of the well-known mean-field
theory proposed by Humphreys. A series of large-scale simulations were performed while varying
the initial size ratio, boundary energy ratio, and mobility ratio of a specific grain and matrix grains.
Detailed comparisons of the simulated results and theoretical predictions demonstrated that the
abnormal grain growth behaviors (i.e., whether or not the abnormal growth occurs and the limiting
size that can be reached by an abnormally growing grain) is well described by the mean-field theory.

Keywords: Polycrystals; Microstructure; Grain boundary properties; Phase-field method; GPGPU
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(a) Initial state

.
-

Enlarged view

Matrix grains
(2R>, <>, <M>)

Specific grain (R, 5 M)
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(b) 100,000 steps

Fig. 1 3D polycrystalline system for simulating the abnormal growth of a specific grain: (a)

initial state, (b) 100,000 steps. Different grains are distinguished by different colors. The matrix

grains are visualized only for a half of the entire domain to make the specific grain visible.
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Fig. 2 Abnormal growth conditions of the specific
grain shown in Fig. 1 as a function of the grain
size ratio p = R/ <R>, boundary energy ratio /= y
/<y>, and mobility ratio = M/<M>.
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(a) 2D simulations
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Fig. 3 Temporal variations in size ratio p as functions of boundary energy ratio /" and mobility

ratio 1 compared to the theoretical diagram shown in Fig. 2: (a) 2D and (b) 3D simulations. Plots

with different colors indicate results for different initial size ratios pini = Rini /<FE>ini.

95 EEMRROHAEGHENFTONTNS.

Figure 3 [&, §tEEFHIBEREDLEDHFIELT,

HRIRIIE—LI= y/<p% 0.75~2, EEYT 14U
= MI<M>% 0.75~4 EEALSHE, SEIFLMHRE
EALEHEFTL, BohfiEp OBMELEER
#8E (Fig. 2) LIZFAvkL=#ER%RY. 22T, B
2EO0TOVMIKY, EGLMEAMEL pni = R

[<RB>ini MBRA—RLI-EHEHRZRAILTLS. Ff=,

TavrDIAITRUIZRENIE, fiEtp OBEZELED
AR (EXRE: X [dpde > 0], FTXEN:FA [dodt
<0])%Y. Figure 3&Y, EBHEAROREEDEE
(dp/dt DIER) I, FEALEDHERIZEVLWTEHIHE
KD FRE—HTHIEN LMD, SHIT, BERK
RHREBFORBRNGHELL(E, REROENBEDR
FEICURLTLVS.

NODFERMNS, TR VXA OHEHDREERL
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REPH(REAROREDFEORRIEY (X)),
FSEMRICED T RIERIFIC—BIT HEMNTEN
f=. UEDORNBITMA, KYEEM-LELET—2%, 5
HEEREDETOTNORREICETHEREHYA
ATHRXIEL, BRE, EREICREPTHS.

FLOH., SEDFEE

Ix—RXT74—)LREEBH GPU H5IEHHEZFRAL
= RIESIaL—370(2&Y, Humphreys DE4R
BEBHBAREROZLEMZIOTEENICHL,
Ll Ff, COBRTRELT, ERRBERFDZHE
mEEE RIS T HRAYE(TRILE—, EEYT
1 DEBEUNRDTEERY LT, SEIF, 2F
BHZICKDRTFRMABTE, T—AEEZEILHE
TET—AMRZEFEETERTHILT, BFEHRIELLR
BLTLWARRICHAIEEMAYMEBEO - ZEHED
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FEMEEILL, KBTI —RXT74—ILREHEICIIR
LE-SERERERTRAOEGLIEEILERTET.
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Structural analysis of enzymes from aquatic animals
M EH
Hideki Ushio

RRAZFKREREFEGHERER
Graduate School of Agricultural and Life Sciences, The University of Tokyo
http://www.a.u-tokyo.ac.jp/index.html

RESMEAAMEHEOESREND NI AJEITTE (Melita rylovae) IZEBL, NSV ROT—L
R E Tl oT=. MOV RV T—LMSIEIE B REER ElovI6EREL, EBRENICTI/BRIE/-. /5
NE=72/BENELEILAEE T RZEIT o=, FRISN-ILA#EEIZ DLV T Ramachandran plot D ¥&E
BEICE>THRIELI-FER, EHHMEZEC KB LEFELSVIENREINT. ChEAVWTHFEINZE
D2aL—2av TN, M. rylovae @ Elovle DEEHEMAREKRFEICOVTREILTLS.

Transcriptomic analysis of Melita rylovae identified the expression of Elovi6. The amino acid
sequence of M. rylovae Elovl6 was determined by translation of the identified mRNA and used to
predict its structure. The predicted structure was evaluated by the Ramachandran plot. The results
showed that most of the predicted structure of the M. rylovae Elovl6 including active site has high
confidence. Molecular dynamics simulation by using the predicted structure has been running to

investigate the specificity or temperature-dependent activity of the enzyme.

Keywords: aquatic bioscience, LC-PUFA, Elovl, amphipoda, crustacea

ERLEW

KEBYMOBBTRRT HERICIE, KEBWIC
RAGLOPLELEYLIYLEFELNENLDLENH
. INoDERORIEHEFEEZHRLMNITHIEIZES
T BEEFIFMNICEEORLCEEFEEORE

MEREERY, HRABEEFANMEINIBFHEIND.

LAL, ENoD MR RICHEEBIC DV TITRAEZRL
BANEL, 7/ LREICKSFEOM L OEERHE
HOREICENTRELGEREGOTNVS. RAEET
(X, b5 RO Th— LT TRz mRNA BRI SE
BRICHEELETI/BRENEZDEITILIAEED T B
BLRUSFENESI2L—1aVE T, KEEYEH
kEBERD RICHEECDLTHLMNZT .

BME

ARETEHIIEHEZRREL, RES@EALE
BE BA B (long-chain polyunsaturated fatty acids,
LC-PUFA) {1 K % (elongation of very-long-chain
fatty acids, Elovl) DHEBRIZDWTrSU RO Th—

LBRIICES TR, 7/ BRI 2 BAEMICHEE L 1=

Fontz Elovl OF7I/BRESINGILIAEED T A%

1Tof=.

BRELUBR

JaTIEEDOHIEICDOLVT LC-PUFA £&mAEELL
BUEHER, JA)A233TE (Melita rylovae) hAE Ly
LC-PUFA A& HREER I HoEMNTRRSNT. 2T,
M. rylovae ® Elovl6 IZDWT, MAEET AE1T4
-1=(K 1). Ramachandran plot M¥#E, Bk
BERHMOEREE ELOVLT OIMAEIEED LIS
£oT, PRIBEDZUMZRIL-. TORHER, #it
BHEEN,MNSVILABELNGELONT. =1L, CRiF, N
Kin D FRIEEICDOVWTIXEEENEL -, Bdh
IR EEELEIC, HBELT charmm36m Z ALY,
Gromacs [C&ANFEINFELIaL—3VFHEDT
5.

g

X 1 Elovl6 O FRIEE



FEH, SEROEFEE

FiAlENT- Elovle OIAEEL—HTEREIE
Mot=t, FHREMEEL KL TIIELMEEETH
of=. 51X, M. rylovae @ Elovle QOEBEFEMES
EEKRFEICOVWTEREZTY. £f-, BREREHOD
BRGEIODVTHHRARDIDLENHD.
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# X : Computational study on dynamics of intrinsically disordered proteins

FERESEREE
Kota Kasahara

i
IR RFAMRIFH

HMBDHET YT IV FEIHEETHS Virtual-system canonical coupled molecular dynamics %
(VeMD) OB RZEITL., BIsEREF TGIF-1 ORAZE M58 (Intrinsically disordered region; IDR) D&
HHEDBRITE{T o1z, VeMD OHRBIZKYREFEDBARBRTHEON-TRTOT YT ILE reweighting
L. A/ = AL DHmEEUMICEEIENTESKSIZH o1z, TGIF-1 TlX IDR AUV EIEE =15 ETHEE
FAS D DNA BEAVYIR LD Arg LIEEER AL, DNA A EHRFMICET T AN X LINRES
nt=,

We have developed a new version of our original extended-ensemble molecular dynamics method,
named virtual-systfem coupled canonical molecular dynamics (VcMD). In this method, all the
conformational ensembles obtained in the iterative simulations can be reweighted to estimate the
canonical ensemble. This method was applied to investigate dynamic properties of an intrinsically
disordered region (IDR) of the transcription factor, TGIF-1. As a result, representative structures in
the simulated ensemble show salt-bridge formation between DNA recognition helix and
phosphorylated IDR, suggesting that interactions between them competitively inhibit recognition of

DNA recognition.

Keywords: 5DF2E&

¥ =1:0

B A E O KR M E 8k (intrinsically  disordered
regions; IDRs) I34FE D SR & & FF- 72 L DS
T2 A B RE Ao T D, Z ORI H (T HE
ALENNTWDT2D | RO IE AW ¥ 1) FIETIEZED
o3 TS A RT3 22 LR TH D, ZHTxIL ., 47
F-#h 77 %1% (molecular dynamics; MD)IZ LA E) /15245
PEDFRMTIN, 53 F AR A T 272 FBe L2 D,
—J77C, IDRs DA TV Vi B L, o7V
T REET YT NEE R DET DD,
MD [ZR2FHRBA L Ty, 22 TAT R 2/ T
I3 E OFETHS Virtual-system coupled canonical
molecular dynamics ¥ (VeMD) D572 503 21T,
ZOFEERTERTHZE T IDRs O ) F DR &
HEd

BE
VeMD 13k x D7 N —F TERLUBAFREZIT> TET-
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FIETHY, A7 0P 27N CIE IDRs OJE K22 ]
NI TV 7T DI HERDEIHR DY
BaAToTe, ZhvalS L, B85 K7 TGIF-1 @ IDR A3
V%5 1FC DNA fE G R A OFSREZ HI #1525 A
A=A LG~ IDR O—FE T FRELTET IV
{EL. DNA fEG R AL O BEAEHZ T L7, IDR
ZOWTIRY R Ik RE LIV kiR E D 2 RO
T IOV CEHEELT T2,

HWRELUBE

VeMD £ TITEE D #§ il /37 A—4# (collective
variables; CVs) ZiREL . AT AKRT L/l Lo
TCVs IR TG AL ZAR T, AT ART L
FEEAIHEEZ L2 e 3 SO ICHInE N D D TIE7R
VEFERWEEZ b EZEZLBRICENE DT 559
WZAB<, TERIED I N LRI T v WiZE-T
MEZ AR5 X3 DTl BELVVEIE
FEACN DR A R DD L) TS LA {2



T ZOTOHRLNTZT VYT UZIE N TR i
ZAL (P D3 A) D30 72K KO EBRITIEWT 7 s
BoNLHLOEHFFTED,

KA TETIEIORD T Eim OB ¥ A D | KRB B
DARDOHETE T IEREICHOW T B &21T -7, VeMD i
TIIEFHRIC K> TR E M AHEE T 508, )X
ERHEOBER TELNZT VY 7 SRR
WHZEITTET | fUEFHR THROIVIRREE 2 [E E
LT production run Z& CTEITTALENH-T-, =
DEERRL, KEFRETHRONZT XTOT ¥
TNEHERMITLCH /= INT 7 IV E i
HINCH T D EmE B R, FEEEITo72,

RIZ VeMD {E&2 W TER B TGIF-1 (28115
IDR O8I FHRE DM 24T 72, TGIF-1 13AHRAFR
A ANZE ST DNA Zidik T D 5K FTHY . DSA7e
EDFRBED B 5 < [E 52 - PO BRI EH QMR
BRFTHD, RATRALTEHIZ IDR 2L TEY,
IDR DIFFEIZE>T DNA #EGRENHIEIS LD Z LR
X TUVD, FEIZ IDR DU LENHZ L TR ETE
PEMPLESND, AMFFETIL TGIF-1 ARAA R AL B X
W IDR O—FZYIVHLT=TFRD 2 fyFEETeE
TINERGEL  RAFTRAL L EXTFROEREE CV &
L CREL THEEITIZET, IDRAFEAFR AL A%
LCEDINERT DN, 2D T AH=A L%
N7, BRI IDRIZHOW UV LIRBE IR VR LR AE
D HFIZONWTHFHEEITO, VB LIC L DR A
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~7z,

ZOFERESNTREET YT KD B ET
STEREMELZK 1 IR T, Vo ER{IREETIX IDR 28
AU 7 AL EZEM AEAL T D, FriZAEm A
O U3, kink JEA D Arg 7% SIHEAGA T AL
LTV, ZOEBNLIFASKR A B 247 Oz DNA LFHA
TER T 2_REHWALTHY, Vo BR{LL72 IDR IX DNA Lt
FHNTREATHbDEE X bND, — IRV ERILIKT
1% IDR VFERFEAY w7 AL T O i~ L it Tl
. DNA A IS T LIRNZ EDRIBE T,

972 B TGIF-1 Tl IDR (BT DV Bk, i)
LA 2k 5T, DNA #EGR A& IDR OFR A
TERDBHBES Db oEE 2 BN5, 770, IDR
DB 221 EZAIZ F o TER G IR T OB REFI I A3 T
DIVTWBI ENRIES T,

FLEOH, SHEDOFEE

B OEET o T NETHS VeMD O R & 4
BINT TGIF-1 123115 IDR OBRHEERENT ~D)5
MAEATo7=, UL FR{EAN IDR OB LS, i
GINT- ORRERIEZATO AN =X LD RBENTZ, — 5
TIDR DJKRIHEEZE M DI B E DRREN Y TV T
SNT=DH ZDOFFIRRZ G O FAL I A+ T D,
LB IOIRDFEMIRIRITZAT > T ZER R FEND,

X 1.

SHEIVESN - INEEE, BV VBRLIREE, (B)FEVERLIRTE, DNA FEAR ALY (RAFR AL L) &k
T, IDR ZHF TRLI, P AEMD kink L72A~U o Z ZARFRBFEANY Y 7 ATEH D,
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Numerical study of quantum turbulence in superfluid helium

ZH BE
Satoshi Yui

BERXBKRTE BAMERREFTLII-
Research and Education Center for Natural Sciences, Keio University
https://www.sci.keio.ac.jp/

KL, EFRAENZCHIZEEMBETHS 2 RAEKEESIMTIVAEHMEL TS, KXRETE, EFILRE
ERAELROBEE (T IDAEMELL. ETDLIT 2 RIARFELRIE, RFRMETHIETFERD T2 KED
RELZEFBINTEL. B4, 2 RIKEEI(TIDAOKIEET HETL, 2 RARIBELRERNT L. K2 OB
RERIERAEANEFERERILT S EEHALGNICL, BONTHREEERE—BHLTIE.

We study the coupled dynamics of two fluids, which is an important problem in quantum
hydrodynamics. In this project, we studied the coupled dynamics of quantum turbulence and
normal-fluid turbulence. The dual-turbulent state has been expected to be the cause of the unsolved
T2 state of quantum turbulence. We performed numerical simulations of the coupled dynamics of
two fluids, and analyzed the dual-turbulent state. The results of our study showed that the
normal-fluid turbulence enhances the quantum turbulence, and the obtained results are consistent

with the experiments.

Keywords' EFFANE, BRE, EFiH EFER 2 WEETIL, BRETI

BEmEBM
HAOBMEBEFQ, BREBAVYLHDEFEROY
HEBAOMNITRIETHS. BIAAUIL 4 [, RRE
TORE 2.17 K AT THIENERTIBREEE
Y. TAYESVEDD 2 TIRETIVICLBE, BiREMK
BEOBRIAAIIL 4 FIRHEEOBRACHEELOE
RADEERAELTEBETES1,2]. KERETHED
HOEFELREBIBRADETOCETHD, EFiA
(RESETONOEEBRNEFiLSNIZBDORIVTINE
LTEENB[3]. EFERE, thotka B RERR
BAUDL 3, RFRIKIN—R-PA VY2154V SR,
PREFELECHENVTLHELES. LzhT, EF
EROMER, MEZOLEEDSFICHULTER
BERELDLSS.

ARRETE, BRIBAIDLACHIEREKEER
KOFEEHIM1FIDANAERICEDHEAL. EFELFIK
BT, EFRENUT 2 RIEREICHEEZEDHEK

LI, 2 RENENCHEES AN OEREIT.

ENLIG 2 REBEEIIFIDAR, EFRENZL
BIIBRAMNOEELGT -V THD.
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2 RAOEANERTHRIRER, EFERICHT
SREDKMMRHBETHS T1-T2 BRORETHIE
FRSINTENM4], 2 REBEEI1FIVAEEEL
BINEEDEHEVEETHS. T, T1-T2 EEH
EIBBIFRAD T1 IREEE T2 IREED 2 BRFETEL B
FRIERDETHD. TNICHULT, T2 HKEEF 2 FRik
mANEROKRETHD, LDORERENHD. F 4,
EFELRO T2 KREEMATILHIC, 2 RAEETILD
HEHEZAVT 2 RARBILRKEBOHARETE
of. BERMICE, BRAORBRETIVEERADTE
I-AMD2AFEXEEILIVTHIEFEEETTS.

BEROETHRICBNT, 2 RAEEES1FIH20D
HEOEARMGEAICIIATIL, EERENYEZEA
PMCLTER[5,6]. LHL, T2 REEDE FELFREIC
LTI EEST EIR MERICKEVEORE RN
Hofe. 2IT, BRETIOBEEEICK LT Fast
Multipole Method [7,8]3EDEtE =R L& EAL
T TSUBAME Ot 8EEERT.



W=

HREBCEIEREORNOETH), BIERICHSNTE
FAZMBHENIVACENERRTHD. 20455
HEREBOFER - EFEHKETHIEFERE, BiR
BAUIL3BLU 4, AHRFRA PHUHFEZEHFHE
MBI 2EERRETHD. B rlE, BEMNERTHD
HBFREAUDL 4 DEFEFROHAREIT. RFE-ETHE,
EFERORFEORMBAMETHS T1-T2 EFICEE
LR EIT).

BRBLUER
BRACHTZIRAETILCR, EFBOEDORSEE
RUTARTIELTZ[3]. BEOHHERAREL, BRE
AN L4 ISRUTIERARETIVNERICEMBAIELLT
MoNTWVS. BRENEEISE, £BRICSHEITHENZ
TEEZ-FN-IVAICE TRESND. JBE 0 K [CH
WTIE, AR EEBRBEEBICTTLR(GERELTES 21T
BotEnd. L, EREEICSEVTRERAKEDHEE
BEEOZELZTGERZITEY. — A, BRARSE
I-A=D2ABKOLIGEBAREKXICHLD, A HEL
TEFERMOR(IFHEERNMNEREINSG. COL
(C 2 MAGHEEEEZNULTEWNCEEZSABNDE
BEThY. SEOHRETEE, BHRMAIC Arnold
—Beltrami—Childress D4 hESHICH5EABETE
RAZERICLTVS. Fz, BIRAICIIEEMREHZR
LTLV%.

HIEHEL, AFE(1.0 mm)3 DZEM 3 RITDHRTIT
33. x, y, 8LV z HRICAFIERFZHNRSIN T

3. x BEAMICEMEREMMLCEFEREZEEENTS.

mE 19K [CHIETBINIA-3ZANS. EiRADrHE
ElE 4 D Runge—Kutta i%, BiRAOERBIESE
2 R®MD Adams-Bashforth ;A T1T5. FHDEFRIAETR
&% Vh=2.5mm/s, 3.0 mm/s, 4.0 mm/s, 4.5 mm/s
ELTHUBETEEITY.

BIEFHEOHER, 2 RARIRIELROMETHE S IRE
hEonk. EFIROMHEITEELTL, BAREE L
(BEABHNCEENIBARORIITEB L. 18
REBELTOHDBAREEELTSH, BxtmiEHoT
FIF—FARZITCHMEEELIC L OEMEMLTIK.
SEOREHEDIGE, FEN 5 s BERBTIE L
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DEAEBEDNONH T4 ET I E BEIRBBICEE LR,
ERLTVS.
UEDLSCLTHENEZEFELRBLUEFRKELR
DIETEEMTLTUNK. M2, HETRIEE K
BLTHHETFHEINTS. EFIELROMETER LERD
BMAREE L THHIN, BERAOHIEEELTIER
REEDLE [ #RATS. EREEEDLE 113,
EFERORIRIEERFICLDANLGNTHN, Fnod)
RERLEELETIENTHETHD. HIEHETIE, 5
NORIBEFRAETILCLD, ERAEFETOPLEDK
EFSEEALIERIENTED. R FERAERE 14 (Cx
LT, S HORIBEE LSBT ODOHIET EEEIT
L, W& [ERRAREE L OBREERLUEL ShIS,
WhE I NEERE—HTILIIH NORIEZIAZELLEL
KRICBWT, FHFRE W CBAREE L 0BR:E
MLz, ZOHER, ZKOERTHON TS LIIC[3,4],
L2 B Vi (SBT3 amER L. COLLFIRFRMFR
oy (E EFELRO T1 KEBE T2 KEEHIAITSH/I5A
—BTHD, T2 KED v (E T1 KEDEDLDAEMER
h%%. HROMEAEORER, 2 RIARFEFRKED
y DER, T2 KEOELEDE—HTBENBALMNIG .
UED#ERIE, EREBMTIRALLIT2 KREG 2 K
DORIFFELFIREETHDIELVOEZEXIFL TS,

Feh, TRORE

UEDLIC, HREEFRAENZICEIZRENR
FRARIETHS T1-T2 BRICEAET AR ETLOL.
BARICE, T2 KETRERECERADEAHEL
CTHB, ELVIREREHEMDBTWIC, 2 FTRIFKEEHA
TIVANKIEFREERTLUL. HRELT, 2 FKR
FrEL RO E BIREBEFHEICRUL, Foh
IiEt Eld T2 KEOREREE—HLTLVE. Tnon
FBRIE, T2 KEBORREIFLTHED, KEGAVID
MMiHBIES.

LhLah's, BIRFERERXELTEEHTHRRBLLE
ECA[9], LKW Dt HERZ T TREIES L. #E
HO—2, BUEEETR 1) \SA-SDEE (RS
JPTETHO. ECT, F 43 TSUBAME Dt EH
BREFALTSHICEWIIA-ATOT-5%EHD
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3 3 : Theoretical study for the development of novel BRCAness inhibitor

N ES
Jun Koseki

ESRVNE SN AT RVAPNE =5 71 Z ) =W NE N S S i e
Graduate School of Medicine, Nagoya University
URL

X% (300 FIEE)

BE ARBEDRELZFAHLIZPARP FAEHIICLSBRCA ZEBUENADBEENBHINZBU TS,
PARP FEEFIOBEMEEHRAGEEICEVDTEHHEESN TOS=O  MBIEN—R A /R—=3VFFEILIDHE
BEED B D, TI T, REFMMNBALN TIEZAUBRCAness | ICEH AR FEZRMEL -, EFGHRFTEHEEA
DRRRAREZETOIELZBEL, REHEL -, LRPAR K TIXIRAE. [BRCAness |[TBDHFH T FIERIR
REAATLTERELTLVST=6. TSUBAME % RAULV-BIZAZ# 5 FEEHT TIE, £9°(3 Alphafold2 ZALNTERD

EAVNIBEDINKREE T RZEERL-,
HCHME (100 words F2E)

Recently, PARP inhibitors, which utilize the principle of synthetic lethality, are gaining renewed
attention for the treatment of BRCA mutation-positive cancers, and their efficacy has been confirmed
in various types of carcinomas, which may lead to a wide range of reverse innovation. Therefore, we
promoted research aimed at developing innovative novel inducible inhibitors targeting molecules
involved in "BRCAness," the details of which are still unclear. Since our collaborators are currently
searching for effective molecular targets related to "BRCAness" in parallel, we first used Alphafold2 to
predict the 3D structures of all human proteins in the analysis of drug target molecules.

Keywords: 5DFE BRCA, Drug Terget, Drug Design, Structure Prediction, Structure Analysis

EELEM

. ERHEDORELFIALI- PARPHEHIICK
% BRCA ZEBHENADABREINBHAZAVTE
Y. BRSNOEREBRDOBRLALGVNAEICETS5E
EMNEIESNTET=, 2016 FIZEFRHERILENAD
KIFEBFTHD, ZHEHELTATM ZEEL 15D
BEFICEEARESNTLS, LMLEADS BRCA
UNDERIE 1%REREFEICLTTHDI LN,
ATM Z 25 EE TIXPARPEEH| KT 2B ER
LARUABEDONGNE, EELETOEEN
BEICHTIEREERTIELMEINTEY. BEK
BICHELY PARP BEXRIORREH-GHRAHLSMH
WTHIENRDONTIND, T T RIEZFMABALS
MTIE% L BRCAness |IZEH 20 FEZMELT.
EHGHRFEEERORARMARELITOIEEBEME
L=,
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BE

AFAP YTl Domainfocused CRISPR X%
== hoBon-ERBENE RTHEEEHMRAC
VIEEDRU NV BRI HRIEIZ{HEA T, Alphafold2
ZRAVWTErDESZV NV EDIFEEEZFARIL. &5
[CHEEMERLI-BBEOTATSLIZKY., £FR
REZEBL-A2FBAFIIaL—2avADAUT
YRIFANVEBBERLIZER. IRLF—R/IMEFHE
EEELI=,

BRELUER

WHiEB A2 789 E AT BRCAness | BIZFRAZM 275>
THRETEDLSIC EFTHREL TS L2 TDEU /S
980 WT B 5,5, Alphafold2 ZRHWNTEV NV E
BEZTRIL, TO&. BFEED/PMEMERLI-B
AT 05 S5 L (Fortran, Bash ## ) &Y., &4
VINVEICBITA TN TOTI/BOEERE(TO



PALREE. BRRTORALRKREE) RU DRIV TAREES
BERHIE. ZLTAVRVBERIZEIT5KFEERVE
D—YORBEILEEEL. ERRNICH TERBELE
NOPEEZBBER LIz, ERLI-TRISLT
F. SN WEBEZRAVTHFBINEIIaL—
a3V AY 7k Amber BU' Gromacs CEATEST
FILF—R/MEADAVTYMERETEEBTRY
Rz2d. COERTOTSLIZ, B, KPEFELL
AR TCHETOBERIT IOT S LELDIC,
Gighub ~O7vy7O—RTB5FETHD, LibLI=5
FEAFEIIAL—IavAOAUTIrEFIAL., £4
VNVBICHRTAIRILF—R/IMEETEEEKELT-,
HEEL. RAE. EbE2 OB DI IREE RIS
RYEHN-TIND, BEEIIREEDEBMFARE
LTWAD . EEETEAFENFEIIaL—LavE
KT HET. REAVNN\VEQOREEY T T %
EiEL. BREFEDEOARESLIUVURE L. EMZM
EHAORE (BRTHAHESIIERIML. Z5THL
BB NVE - ANV EHREERREO
RE)ZT 5T, B THAS BRCAness [Thhhd
AR FENIEHIRESFERF.RIF)D
FEHCRUEN D FETH D,

FEH., SEROEFEE

SHS3EETIK. ENMUNIEBELETOEEIZDINT
SAIEEE T AL, Amber, Gromacs TDEHEAVT
IREEBLTCIRILF—R/MERUVFEEILHEEZE
LTz SF4FEEILCNSOBEREANT. 2T
VIBES LG, BIRA—TIRRYZSEER
EL.BESFEHREZDEIT S,
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# 3 : Controlling the dissimilarity between the momentum and heat transfer by the wall roughness

FIRREREEE
£H R

Yusuke Kuwata

KRFFILKE ITFEMER BRRER
Department of Mechanical engineering
Osaka Prefecture University
URL: http!//www2.me.osakafu-u.ac.jp/htlab/

R (300 FIEE)
BEICRESNHSH - EHEMEOIFBLUEICEASEZELTEMRT L1012, AEEARMEOEEMY
ERMEITH>T-. AMETIE, HESORENFRLUEICEASEEELHAETHAIC, SRTEKKHEIEHTR
LT, BRREZEA-HEZAVRIERTEZT o, BERTFERICEFRILYIVEEAWD, ARETILE
HERALGVERBIEMRZTZT . HEORRIIEESODRT—IVJICEEEEEZLGON, BREDORT—)
VIICKRELGEBESZHIEN Do BREROBUWVEETIE, REVFBEERZRREDETERINSL
A/NATFASTFIIDFOMNNEL, PEORBIERTEIMEREEDRIFTONDIEN TR ENT-.
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We performed direct numerical simulation of rough wall turbulence to understand the effects of wall
roughness on an analogy between the heat and momentum transfer. This study considered three-
dimensional sinusoidal rough surfaces with various wavelength values. We utilized the lattice
Boltzmann method for the direct numerical simulations. It is found that the wavelength does not affect
the scaling for the mean velocity but has considerable effects on the scaling for the mean temperature.
The Reynolds analogy factor, which is defined as the ratio of the doubled Stanton number to the skin
friction coefficient, is larger for the surface with a small wavelength value, suggesting that surfaces

with small wavelength roughness yield higher heat transfer rate with lower frictional resistance.

Keywords: Rough surface, Turbulence, Heat transfer, Lattice Boltzmann, Reynolds analogy
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CO2 BB AT 2H =X —(tTED CO L FRIIRDOYEREE TR T 2HE T L OMEFICIVMHA T, &1
LR RIS AL FRIURICH WS NA T LA O MEZFH R L AL FERIURICH WO G LS DR %
BAEBELUT-, BB IUR B DF9ET — 2 2 INEL T, 7T ut AT A~ (B, [E ), JRIES) LAk
bEMOBRE T —2 2y MEL, BEfFDY 7y =7 TRINUTZ R EEL B bR CEA LA EL B,
TRIET NVERFE LT, BT VOMEREE TR T — X IZEORREL 7282 A BEFOFHEILA Y CTRER S DL 2L
HRIZHOWTIE, B (RMSE = 0.1 Kiifi) T CO I &4 Tl T&7e, — T BT MIEENRWERILAEY
ZE DR IR OMEREE TRl 22 & THULMEREE R~ T2 A, TR EIHE T (RMSE = 0.2 #25) Uiz, ett
REDH BV T TFHET VOB R RSORDFHARDER P MLELEE 2D,

Predicting method of the performance of COz absorbent by machine learning was investigated.
Some features for designing chemical absorption were obtained by quantum chemical calculation.
References on the performance of absorbents were collected and the dataset describing the relation
between amines, process parameters and performances. Predicting models were constructed using
features calculated by the combination of an existing descriptor calculator quantum chemical
calculation. The predicting performance was high (RMSE < 0.1) for absorbents consisting of existing
amines. On the other hand, the performance was lower (RMSE = ca. 0.2) for amine solutions that were
not included in the learning process. To improve the predicting performance, improvement of the
modeling method and finding of new features should be needed.
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Sunlight is the most promising renewable energy source. It is necessary to use solar cells and
photocatalysts as a means of efficiently recovering and converting this energy, and to deepen our
understanding of the interaction between light and matter. In this project, first-principles
calculations were used to evaluate the transient energy dissipation of materials in the excited state.
In a-quartz, it was shown that non-bonding electrons occupy anti-bonding orbitals due to electronic
excitation, which acts as a driving force to cause crystal breakdown. Similarly, in Rutile-TiO2 and
Anatase-TiOg, it was confirmed that the bonding electron orbitals near the Fermi level transition to

the antibonding orbital state.
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FEI: Atheoretical study on the mechanisms of shear thickening
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I E% (100 words F2E) : Shear thickening/thinning behaviors of dilatant systems of polymer solutions and
nano-particle-suspended solutions have been studied in our group with molecular simulations. We focused in this
study on a dilatant system of polyethylene glycol solution with silica particle suspension. We analyzed molecular
level structures and viscoelastic properties of this system through a series of dissipative particle dynamics (DPD)
simulations.
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FZ3 2B NAEEDOELENKRENIEITHEL
TWT, BERREA/NEIEBIZH-S T viscosity (=i 7
TR E) DELEMNRLICLE-TNSHTHS
SN EEDIELEN LM EEICLSTICIEE—FE
LS TWAIEIZHERESNLY). BMEED /IS
LY 109/ 1ZDLVTIE, 100M BORTYTEHEE DL
THERELIZT—N—DEK-OTHEY, viscosity DHfict
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RITELSEIETYH (A OETHRARF-EMITMA TR
HTELTMREEENFINEZ(THIEEREMIC
RLTWS. CORREE MD EDEHEICOVTILIESE
SNTULA, DPD A THLRBKTH A EN D Mot

SR 1= B3R FE 518 Tl shear thinning ELVSEER
2% oF=. F = viscosity DBTETRE £ O DIBRREZ T
RDFEMN D Green-Kubo EIZKYRHT-EZA, 5-61
DENBFONT-D T, 0-10°%* DE M T shear
thickening DIIWHREBIHENH DI LA REIND.
LAOLEASETE TESONT= viscosity DIEHIFRERR
[SHEARBENSC(ERBRRTIIEIBTEILT D), &4
A8 NRRICHIET HEIENEINIRETHS.

CCTELNTLS viscosity DEED B EERETT
218, 2RO 1A RDFAEET>THIZ. (F3.
BB D=OITNETIVEERAL. F-#itiE
WICETHHERTYTHELLGEHZ D120, HFEY
INSKIEWHIETERE LS ET10Y o DREFRT2).
HEETIDLIIAZIMYESE viscosity BNEF L
295, £f-PEGEHYESB & viscosity B BiEHIZFH A3
B (BRELANILDEET) EVSRERLSFONATNT, C
NIEZR D viscosity DFAEH PEG HETHAHEEFEK
LTWLA. ET=, viscosity (& PEG Z T ¥ 35 EAEiHIZH
13518, PEG DFHKICRUOEWLSFFEEBERLD
DTHAHZEERLTLNS.

ETHRETODEIEER 3 12, PEG DIEE/NTA—
BER 4 ITRLE-. ThoDT—4Z22FHICRSE,
BIWHEE DBV IETFER(10% 0) E FERDEEIZ(E
BUONRERES HIBEETMEEMNKEL
(104-10%/ % D3AY) 12 HEB VN BAIEIZE D LS THS.
RE-BOBEICONTIE(K3), FRTHEEA 10°/7 24
£ T PEG SHABIWTERE ARSI SEVIRER (TR
TIEELNGL)ZFOIENAHLANS. PEG DEANYE
AERI MIRERCEMEFE (R 4) IXBEWHEEIZE
CTHEMICE>ZVELLT S BRHFEOT—4ER
5L, BEHRENKEEDD (ST PEG W BIRTRE
AR (x EAR) (C5IEMIEIh, ChICEELAR (y
BEUz8AM) ISIEENYERSTENHMNS. PEGD
HEAERCHEEALVSI-BMMGEET, EXRMIZE
BHREICISCTEEEAGN(GE 4) DT, LEOER
(X PEG D 2 BARNEREL-FYVEADERIZLDD



DTHD. RADT—HERENIZRDLE, ROBEE
EIFECH DEIMHEE TRMEIHELS21TDE
DTIFHENELSTHS.

LLE, I’SA—4tyb sP1 ZAVWVEEDOEREH
HICERAATDY, ROKLSICEREEBNLGEVDEDHH
5. i) viscosity DMXIX PEG HE TV HED interplay
[CLBHEEMNEL, i) FEHREFFHRTHEND
FYUEDHT (105 % ~ 4-10%/sec [FEERMIZITHIZEYK
ELRETHD), i) BELWHHoTEIIEREIZIEL
TEHKMIZELTHLDTHS (F A4SV MR DI

BRTRIRHCEERENEILHELDEZLNTIND).

UEDERICCTHEALEETILICHELNHYELE
DBENHHLERRL TS,

C. MEERETILSP2 AL - DPD 5 E

LD ) ORICEBLEZETILOERELT, P fiI
F-SHFREIOBEMMEZRLI-ETILSP2(R 2)EAL
=5t BT oTH=. CSTIKATE O LS KRIELR
FHELABEWT, BERICH T 2RDGEEHHITR
HEBHENSIEIZLT, xixl ETIIVEFERAL 10% o
DBEREDIFTHROFETEIToT-.

STEEERER 4 &k 5 ITRLIZ(ShITxIE LT sP1
[CKDEHEDIEREZR 5 LXK 6 I25ED=HIZIBHEL
f=). MEMERETIL SP2 ZRLV-EETIE, SP1 DiF
BERIBRIZ, PEG DIFEALEDET AVID AR
HEIZRY{TE (B 4 & 5 D initial structure S88), ChlZ
FHEL T HIKAY PEG ZNLTERET DDA T
H5. Ffz, PEGODET AUID—EIL, CDI)HERY
SAA—DREEEETS. ZO=HI, RYT—-2Uh
Dy bT—U DR ZEFE RIS ERIZIEA o148
FITH-oTWNA. COREEE, PEG KBRUDSER
D& viscosity JREEEL T refl [ZHELTHEBKINATINS
HFDIZHELN.

CORICHEEREEZDE, LRDEEEHEI-
EoND (BEOLEETHARLGLHERE THEARIC
F<t=8) ZEIT kY, viscosity DKRELVIREE (~20M R
TYTET, 7 ~10-20 o) NEND. DR LRTYT
DFE, FERICLERTPEG DIEEALKEZN, AR

ADIRILF—HAREN(ER 5)GEDFENEDHLN,

BMER NS ZoNTCEITLY PEG NMERDERE
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BB TSI EA NS, ZDRED viscosity D HIE

FEORTIE SPL & SP2 DR FIFHNZEITER) KYUH
BIZKREW. LT, FEOERLGLHMIRZEECED
& PEG AR YT —2 (B 4 TUOAIEHEA R DB
A=y EILIZEESLM) EHFTIES viscosity KEZES
AZBHIEN T oT=.

—AT ~20M ATy TE@BEDLE, viscosity H3HEITHIZ
BT HEVNERICHEST-. ThiE, £ERD3I-ERY
DF=HIZ, DUBITERYFUDNZPEG DR L IZIEA N, #£
[CIE LR DR EECEBIEDNTLES=0
Thd —BISG5E, TMREBCEBNIBLET D
CE(FAR (BEBTR A [ (B 5 [[) D BB X R FSh
BHY). COEETIE PEG B AIZREITERYMT,
FVUAKMBIERARICES T 518, PEG D
&5 A (SRR E AR A M) O ZEZEZEAYL 1 E
DUHERIBELMEN(E 4, K5 D ryy ). CDT=8H
[Z viscosity ASAIEMiAZ/INSLMEIZAEDENSHITT
H%. Hi<LT, 1-20M XTYTDE viscosity 1Ei& (L
BHOEFEGOLOT, TLAD 24M step LIFEDIE
viscosity HEEMNEBRETHD.

Z5LTEZDE, K4 D 1-20M RTYTDEENS
viscosity THAMBHEF > TPEG KB RVIHNDERD
FAZAUMREICEMICHIET HEIEFE ARG, 2
TIT2=Y2aL—Lar ARRITERG LD TR
(BIHTEE (10%/ 70~ 410%/sec) MEERRTH A4
—DEBIESNDTWHERE (10%-10° /sec) KU T HERE
WEEDEWNHD) ZEICIXTFETIDHENHZH,
LD &SRB I T RHRE D K/NBERALF
MHBIETHEDT, 5 viscosity DI N D AH=X L
HAINMEC TSR, CORTHRRETIVIZIER
fah'H A EIFHLMTHY, SEDREFD=HIZIE
KYBEULGLDEEETIVENHD.

FEH, SHEDFEE

PEG/ ) NWRLF 53 BRKIBRZRD DPD 3al—3
VETO. BREORR, UTOIIGHRES .

i) DPD ETERILTEHHMEERIT/NSKTLE
LELY~10Y/sec 0~103/sec DEIMHEEETT, ¥ 154
UMEDBEN SR E RSN IaL—a v [FRE



TH%. i) DPD ZITKAHEETH, MDIEDFREDGE
ERIBET, KEVWESEDT=HIZ viscosity DEUEZEIE
ISR TERVMEANRLTHS. i) SP1ZESP2 D
HEEHAETILERAL DPD SHEEITOTHIZN, Th
Fh, DUHDFEEMN viscosity IZHEUFESLEL, E
EIRREAAE A D viscosity LAVREELY, R EEER
EHBNGWVEREEASLDOTHY, SEDREFHD
F=OIZIF &Y B GELDEBET LLELNHD.

SEXH:

[1] M. Kamibayashi, H. Ogra, and Y. Otsubo, Journal of Colloid
and Interface Science, 321, 294-301, (2008). & 2 DETILIE
RIE, )71 8vol% (9 nm &) / PEG 0.5w%(43 F & 50 F)DE
BRESEICLE-.

[2] R. D. Groot and K. L. Rabone, Biophysical Journal, 81,
725-736 (2001). W #IFOIEZRHEMBIZEEL, "D
XDFEITH nZEH LT

[3] Z. Shen, H. Ye, M. Kroger, and Y. Li, Phys. Chem. Chem. Phys.,

19,13294 (2017). EERIZIXTVHHFD FAS52MFE
2R3 % YIhHT7 OCIA #fEo1= #fBRIEIZaL—23
V] MEEDHKICEERELS-.
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PEGHIF(P) H,OHIF(W)

Sio, ¥ F(S)

B 1. PEG KB &/ ) WALTF 5381 D DPD FIF (P, SW )~ DR L.
COMBEIZKY, TRILX—, [EBE, EE, B, viscosity @ DPD
BAIIXFENFN Eo= keT, Lo= 0.445 nm, mo=18 amu., w = 24.7 psec
(1step = 102w), 70 =1.1 mPa-s 1275 %[2].

£1 PIaL—avETILOERK

(-P-)1140° (W) (S1139)®
Ix1x1 4 87,402 7
2x2x2 32 699,216 56

a) P FIF 1140 EEEHEIKITHEEL T PEG R FEFETIILELIZ(%&TT
AEBIDOESHEBERADRTUIvILEER). b) SHFOEDIL
FEFHNSEHRK(ER ~ 9 L)HBHETYIELIUDISRIEER
L1=(s-S #ESIHFARTU AL ro= 0.78 Lo, k=16.5 EoZEA). Th
SNETILDEEIZIZEASAMREDBBSNTOIERRD
MBEBR(ZSEICLED, ROEIIEEBREDEENDD )
PEG D F1RDEENERRD 1/10; i) SUNKDENERZRD
1/2; iii) PEG MEEEA 10 B REL. )& )T ERD YA XZREH
129 5=0DHLDT, iii)lE, PEG BENEBRROFFELL, HEHDE
WHABEEICHAITELGLD (MBS REHFYEDLEL) DT, TOR
MTHA. DPD EAIIZDTIEE 1 TSR,

R 2VINRTUU R LR FEINT A-Z(FTER 0y, Eo= keT BifiI)

a(P-P)[a(P-W)| a(P-S) |a(W-W)| a(W-S) | a(S-S)
SP1 252 | 26.32 25¢ 252 25¢ 35b
SP2 252 | 26.32 20¢ 252 30¢ 35b

a) RITHARETILOMERBIZER. b) DUHISREANEELLENEK
SKEDHDEICERE. c) SP1 TIXETE DPD FIFHUFIIELVEREINME
PHMEEFITHF AV EKSERE; — A SPLTIE PRI T LS HIFAR

ML DRSERE. shear rate (s)

4.0E+04 4.0E+05 4.0E+06 4.0E+07 4.0E+08
- ) . \
20 A
15.5 [6.11]773,*
. | (111M)* | 13,6 [1.04] "
<15 § - (34Mm)
= 8.32 [0.21]7,*
3 10 A (12Mm)
2 \
= *
s 7(+0)° ~ 5-67, 2.76 [0.02]77,
(6M)  1.16]0.01]7,*
1M)
0 : ! : i
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02

shear rate (1,1)*

B 2. 2x2x2 BT LR DL BIHHEE TO viscosity FRITDFER: STH
DOHBIEIFFEAZELRE(AFNEHFERTYTH (RLIEFM). 7(+0)
[% Green-Kubo EICEDEFEHRADFET —20 LEHT. DPD Bfi
IZDLTIER 1 BESER.

= 3. BROELBETILRD viscosity (1o B{ir)*

P+W+S | P+W | W+S W |P’+W+S
7.70 994 | 0.88 | 0.55 | 0.98
[0.46] | [0.63] | [0.15] | [0.17] | [0.18]

*1x1x1 BT L EEFALTIENRE 104/ o CHE. [1132%8RE.
P: IR R-HERETEL2BF9 FICLT=. n0=1.1 mPa-s.
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X 3. 2x2x2 ETILDEBEWHERETDEEDRFy T avh: pHF
(UT7Y), SHIF(FR), WHFEROTIOLHTOyNEIE. FEHEE
DR L8 (x &) A R T, EEAE O RISy 8 AR THS.
DPD EAE[ZDWVTIXE 1 BT SHR.

R4 BEMEETOETILROE L/ NSA—4*

BUBTEE| 0/ | 106/ | 105/ | 104/ % | 103/ % | 102/
I(Lo) 0.380| 0.380 | 0.380 | 0.380 | 0.380 | 0.380
[0.016] [0.016] |[0.016]][0.016]][0.016] ] [0.016]

Adeg) 140.15| 140.14 | 140.15 | 140.16 | 140.27 | 140.61
"/ 110.009]| [0.070] | [0.066]|[0.066] |[0.010] | [0.072]
deello) 346 | 348 372 | 595 | 123.8 | 154.2
[0.03]] [1.37] | [2.07] | [2.33] | [5.09] | [1.08]

rallo) 153 | 15.3 16.0 | 233 | 45.7 | 59.7
[0.05]] [0.36] | [0.48] | [0.62] | [1.49] | [0.14]

o, L) 7.78 | 8.03 9.10 | 19.99 | 44.92 | 60.52
8y [0.17]] [0.63] | [0.20] | [0.82] | [1.62] | [2.17]
raLo) 881 | 874 838 | 743 | 5.07 | 3.14
e [0.28]] [0.59] | [0.28] | [0.37] | [0.10] | [0.08]
oy AlLo) 8.61 | 8.42 894 | 778 | 6.72 | 4.18
- [0.12]] [0.42] | [0.68] | [0.22] | [0.28] | [0.20]

*BIVK):PEG HEARLIESA (1,0), PEG MimIERE (dee), PEG 1B
HREZD xz RS (ryy, reyxT8E, BIMTEE L x 875, EE DLy
BiAME). [ JNBEIXIEREIRE . S{E(L DPD Bifi THRIR(DPD BifiL
IZDWTIEE 1 BESER).

4M step
17.5[1.06]7,

12M step
11.3[0.72] 7,

21.4[0.91]5,

20M step
13.8[0.64]7,

24M step
1.3[0.62]7,

28M step
0.03 [0.63]7,

16M step
9.1[0.65]7,

X 4. P2 HEERAETLERANHEICBIT28RTYTTOREE.
PHIF(OTY, &, # EVUTAED PEG 5 FEXH), S FIF(F),
W HIFIEROTEOLHTOYNERE. STHHEE (104/0 THE)D
HREIEHE (x 8 F R T, EEDE D RILHE(y 8)H . DRSS
FEEHRDRAFT VT3 DE o =, IEIX viscosity D 4M ATy
XTI LAZ#ERE (DPD BT DOVTIER 1 BESHR).



= 5.5P2 HEMERAETIVIZK S5 EHEE (104 n TETE)
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% 6. RIERDFLE

step (o) | I(Lo) |Adeg.)| Ebond(Eo) | Eangle(Eo) | Enn(Eo) step de-e(Lo) | rey(Lo) | rey xLo) | rey y(Lo) | rey z(Lo)
ref.* 10.1 | 0.3800 |140.18]15862.5| 2322.29 |468867 ref.* 42.1 17.4 10.7 9.1 8.6
0-4M 17.5 | 0.3800 |140.93|15856.1| 2325.71 |468885 0-4M 61.5 23.2 17.0 12.5 6.9
4M-8M | 21.4 | 0.3800 |141.16|15855.8| 2332.54 1468911 4M-8M 83.9 30.6 27.4 9.9 6.6
8M-12M| 11.3 | 0.3800 |141.10]|15853.8| 2331.95 |468886 8M-12M 89.4 31.5 28.7 7.9 8.6
12M-16M| 9.11 | 0.3800 |141.12]15854.2| 2331.94 |468852 12M-16M| 66.6 25.1 22.2 7.1 8.3
16M-20M| 13.8 | 0.3800 |141.15]|15853.5| 2332.72 |468852 16M-20M| 74.5 28.1 25.1 8.3 7.9
20M-24M| 1.31 | 0.3800 |141.04]| 15855.0] 2329.27 |468830 20M-24M| 80.8 28.9 25.5 8.3 8.5
hanv-28M[ -0.29 | 0.3800 [141.03] 15853.1] 2328.92 [468786 Sam2eMl 585 1 225 | 198 | 66 67
* 5. BIEROEE *ref.. THER(BIETEE 0)DHER. £ IR viscosity(r), PEG &
step_ | deello) | raflo) | ray allo) | ey oLo) | rey olLo) REEEALO), 71-\7->°/«v)l«1*)b#—ﬁké:\(fxxx,.‘f%%@?ﬁﬁ-ﬁﬁ&
ref 8.8 135 4.2 96 70 JEHEESHEIER), PEG MIHEERE(dee), PEG BMFBEZT DR (rey,
0-4M 573 214 16.0 3.7 76 BIBERE (& x BhA MR E AR y #i5 ). $fEIL DPD B (X 1
4aM8M | 97.1 | 340 | 305 | 7.4 6.8 HIZSH) TRE.
8M-12M 90.6 31.5 28.5 5.8 6.3
12M-16M| 88.8 31.0 27.4 5.4 6.9
16M-20M| 88.3 30.5 27.3 5.4 6.3
20M-24M| 68.7 25.9 22.7 3.9 6.7
24M-28M| 51.9 22.2 18.9 4.1 6.8

*ref.. FHER(GIELERE 0)DFER. HITURY: viscosity(n), PEG #E&
RLEEAL0), RTUVYILIRILFE—R D B fERBIE-RAL
JEHESMEER), PEG MR EERE (dee), PEG BMEFBRLEZ DD (rey,
BIBTRE (S x BA M, RERE (L y 85 M), $EE DPD B (K 1
fliFSE8) TR,

b 0

2M step
10.2[0.71] n,

8M step ‘
10.8[0.91]7, 17.6 [0.68]7,

Initial structure 4M step

Y , bR v s | TR
16M step 20M step 24M step 28M step
6.7[0.61]p, 9.5[0.52]n, 8.5[0.65]n, 7.4[0.6417,

5. SPLEBEMHAETILERAVHEICEIT2EATYITOHEE.

PHIF(VTY, &, # EVUTAED PEG 5FERXA), S #IF(F),
W HIFIEROTEIOLHTOYNERE. STHHERE (104/0 THE)D
AW IEHE (x Eh) A AT, REQED A M ILHE(y 2h)FH R, MEAEEE
TEHRDAFTYToavbmMoE o= BUE(L viscosity D 4aM R Ty
X FEAZEERE (DPD BALIZDOWVTIER 1 f#iESER).

% 6.SP1 HEERAETIVIZK BT EHEER (104 © TETE)

step () | I(Lo) | Adeg.) | Ebond(Eo) Ean_g_IE(ED) Enp(Eo)
ref.* ~2 ]0.3800| 140.12 |16080.1| 2318.38 |469798
0-4M 10.8 |0.3800f 140.18 | 16079.1] 2318.78 |469797
4M-8M | 17.6 |0.3800| 140.21 |16080.0| 2322.17 |469785
8M-12M| 10.2 |0.3800| 140.16 |16079.4| 2321.52 [469793
12M-16M[ 6.7 |0.3800( 140.11 | 16082.0] 2319.05 |469802
16M-20M[ 9.5 |0.3800| 140.15 | 16080.2 | 2320.31 |469798
20M-24M| 8.5 |0.3800| 140.18 |16079.9| 2320.86 [469794
24M-28M| 7.4 |0.3800| 140.17 | 16080.6| 2319.96 [469796
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H X : Optimization of zeolite structure for COz separation

FIAREEREE HBS
Ayumi Tkeda

e BRI

BEBIERT

National Institute for Advanced Industrial Science and Technology (AIST)
https!//www.aist.go.jp/

IR (300 FIEE)

CRRALER R WS (I L T2 B A T A MBS A TRR 570 . LR B O FREISEWMILEEZ L SO BA T AR
[ZOWNWT, BB ERIC RSB LS (DFT) HEAZFIAL T, ZBLRFBOWE = RLF —%

BHL, £7°. BT A0 (SYAL th) Tk

ERZETINFX—EEEL FHEROE AT A

AL IR BEAFAESE I LEDO T RNVX —ZE R LT, ZOfRE, B LT v S AN AT A CO2 WA

TR (T, FEREL BAFIC— B 28R LT, ZhEh, DFT

RIEEZRIMT 2L T o FEVIFE

RELTANEERIRY ) RTA=ZTEAFAMNIKS T2 CO2 WA TV F —NHEH TEHILARLI,

HCHME (100 words F2E)

Searching for zeolite structures suitable for carbon dioxide adsorption, we used DFT calculations
based on the first-principles calculations to calculate the adsorption energy of carbon dioxide for
zeolites with pore diameters close to the molecular diameter of carbon dioxide. First, the
structure-optimized energy was calculated for each zeolite composition, and then the energy of
carbon dioxide in zeolite structure was calculated. As a result, the calculated CO2z adsorption energy
of chabazite zeolite was confirmed to be in good agreement with the experimental value. This shows
that the DFT calculation can calculate the CO2 adsorption energy for zeolite with non-parameters.

Keywords: DFT calculation, CO2 adsorbent, zeolite

A—RUZa—rIILDERICE, HEIRILF—
CO: NEEEIRBE M BETHD, HBEEIRTOERT
HRASNS CO: D EEMFHE. CO NBEEEIRTOERD
HIRILF—HREICKELEEERIZT, ST,
CO: NEEMBELTEASAMIEB T . EASAH
(F.EEN 1 F/A-PLRBEOMAEET HHERME
BEMHTHY. TO CORBEHREITHMALBTIEEAR
[CE>TRESND, MABSHEEEREEITIKEFL.
HEIEBERADTILIZVLEFECHAFAUICK
STERTEIIEAHONTIND, ARAETIE. F—
JREFEICE O DFT #E (RSDFD)ZFALT. €
FSAhHD Al PHF AL DREMBDHEE. CO2 K
BIRILF—DEHZETI, XAKIZEY . DFT HE
[C&>T. EASAEDEERUVHEBA CO: EDHEE
MAICRIFTEZEEZMATENE, BR COz IREH
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HORFHEHEHILTE . RAEMRAROIMERILZH
FLTWLS,

i

AHMETIL, TSUBAME #F#HALTE—REHE
[CE < DFT & (RSDFT) 2 E{7 =3BBSR
e BEDEASAMMIDWT,. FILIZVLEHES
EABORLRELEELZOIRIILF—CO:
AIARERAICEEBELI-EEDIRIILF—ZFTEL.
TOENIOREBEIRIILF—ZHEHLIZ, COHBR.
0.38 nm DFLEELEDF v/ N\FALEEFSAD CO:
BEIRILF—IREBELRIFIC—HTHEETRL
T=o

HRPLUEER
IZLHIZ. 8 BBRFELDOFVY/N\FALEEASAMID



WT.ZLE=VLADRFEFRNIDLAT O DRE
MBERELIZ.E 1 (& FyN\FALEEFSAD
BHREEETRT . FYN\FALEELSADI=YE
TILDFARKIE NaxAlSizexOm2 &L, Al [RFE x=1, 2
(SV/AL t£=35, 17) TEHELT=, SVAl tt=35 (2 =yt
ZILHD Al [FF 1 E) OF v \FALEELSAM
DWVTAIRFE_E6BRE4BRORAICEEL
fz&E FRIDLAAUN 4 BIREY 6 BRIAEICH
BHEM-0.53eVREETH 2T AIRFEF NI LAF
VOEBICERTAE. TNV LAAUE 4 BIRIARE
[CRRELIBA. BMAEVNEEHERELIRILY
—I(HESRY . RETHD DN D otz — A FHY
VLAAUE_E 6 ARAFICREL-HE.ALRF
EFRIDLAF O DEMAEEREEIRILT—IC
BELGEESA G, Lk, —E6 BIRAGEICTH
YO LAAVEBRELZBEIZOVNTERD,

SVAL EE=17 (A=yh LD ALIRF 2 @) DEE,
FRIDLAFUN 6 BREENDRAA U RLE
NIMREIZHZEE, H2EELTRILF—HEL DT,

1 FYNFALEEFSAFDOEED

RIZ.FYN\FALBEEASAMIRT S CO: DRE
IRLF—FEH Lz, X(DIZ, CO2: DJEFEIRILY
—DFY., BEE AHuas & DFT StEMNLBONE I
LEX—DOBERERY .

AHads = Ezeolite+COz _(Ezeolite * EC02 ) --(1)

CZT. Eolite [FEERBEILLI-EAFIMEED TR
ILF— Eoitercoz [& CO2: ZEEBEL THEERELLTZ
EATAMEEDIRILF—, Ecoz [F CO: 3 FHED
IRLFE—ERT,

SVAl tE=35 (A=vhIAD ALRF 1 @) OLE,
AlRFEFRIDLAFADDEED CORFEIZER
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FEERELI: RD.ZDEE. COX=FE6EIR
[CHLTEEICEREELTAHELEZE. R1KY. ZE6 A
ROLEIZFNIDLAFONFETDHEE(AB) .+
MIDLAAUN_E 6 BIRNIZHDHEE (O) LLLEK
LT CO:ZEIRILF—IEFIEN Moz, ZIT.
FEERED CO B EIL 37.4 kd mol1=o1=T &M,
HEODFYNFALEBEFSAMNERDF R D LAX
VI A B OBEISEWVATREE N HHEHEELT =,

1 AIRFENaAFVDEED CO:ZRFEIRILF
—I25x %% % (Si/Al tk=35, &: Na 14>, #: Al

A B C
—E6ATAHE D ! :
NEF ENad # > @ @
CO, & T F b
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We aim at extracting information about biophysiological mechanisms and key factors for the onset
and progression of metabolic diseases from a large volume of electric medical records. For this purpose,
we develop an efficient, sparse nonparametric Bayesian algorithm with latent variables based on
Monte-Carlo sampling. In the fiscal year 2021, we succeeded to develop a code that drastically
accelerates a conventional algorithm by using GPU accelerators, and then, we developed a code for our

new method by modifying this code.

Keywords: electric medical record, nonparametric Bayes, Monte-Carlo algorithm, GPU computing,

metabolic diseases
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Calculation of aerodynamic characteristics of table tennis ball using CFD analysis
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The applicant would like to calculate the aerodynamic characteristics of a table tennis ball with high
accuracy by CFD analysis of the flow around the ball using the finite element method software
COMSOL. In this application, we investigated the execution environment of TSUBAME and the
possibility of using the application. As a result, we succeeded in remotely executing COMSOL, and also
confirmed how much the execution speed could be improved.

Keywords: table tennis, aerodynamic, CFD, COMSOL
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