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1. JAIST IZBIF BLFHE T — BRiE
TSR e o 7 — Sk

JeRR SR R R EBER S (JAIST) Tl &% CHAFRIHFEERFE Y — 1%, ZOFIH
HNBIMNT 5D MPC 7 v—7%HulhE LT MPC Zv—70HY % & H%{TH MPC &#L 7 /L—
7 LA RO R s A S T D b s BRIt v 2 — (LTl 2 —) L3 BlE
REHEAE L DN DER SN TS, MPC 7 L— 73385 — ORI AE N DR SN D
TN—7THYH, MPCEEH I NL—TI1IMPC /N —7Da—HF—nHDF 20 Eifda—7
TADFEEDOTEL LTHMT 22 mpe A—V > 7 U2 MBI BRI HEMOFHOFE
ZiToTW5, % —L MPC 7 /v—7 « MPC & #7 L — 7 O EMRIZE S CHk[9]=°[10]
B BIRFE T,

2012 EE D JAIST 1281 5 MPC 7 v — 7B L O MPC FHL /L —7 D112~ 1 i&#h & i@ﬁ
R — BB O R 2 DL T35, 2012 45E1% 2013 45 1 A 30 HIZ MPC F#L 7 L—7
& mpe ~E—a— LRI T o AL, EAICBE L COMRmAEIT
STz, BMONEE LTI TO X d) b D Thotz, HltErZ—X 0 2013 4= 3 A KB
1D Cray XC30 DN 24T - 7ot XT5 6 OBATT DO E R0, Hiy AT ADOEHACF

a—A VT VAT AOERIZOWCHEMm AT oI R A MBI T 22 L2348 THZ L2 HIY
& LTz ORE R, BEBRESR O X A I v 7 TRHIREHRHASZHET 2 2 L3R SNz, £
7z, MWt Z— K VBER® mpe v ¥ OB ORG AT L%, 5~ DX 2 —Hk
RFMMF e OREGRR AT o 72,

Rt o 2 — 2 WHEH R —F — DA L~ LD b~ Y R—ho—E & L TEICEL
MICHIHERE S 217> T 5, 2012 F1% 6 A2 Cray XC30, SGI Altix-UV1000, Appro PC
Cluster/GPU Cluster, ScaleMP vSMP Foundation D% A7 AR 2 F| &8 2 2 B
L7z, £72. 2o OFIHFEH#E 2 ORNE S ORI 22722 UNIX QA AR5 30 47
Mo UNIX #l0EE 2 F— 6B L=, 10 Hi2iX Cray XT5 / 71 75 AVEREREMT & Rimib.,
Appro GPU Cluster / GPU OFIff &, NEC SX-9/ X7 s VHIEBEME O Kk & A%, SGI
Altix UV1000 / WAt 70 75 I o FO{/ L AT LD#EEEL, 77V r—ary Y7 =

(ZB8 L T Materials Studio (Z2W\WT? 2 HRE]OFEE = LU Gaussian09 2B 3 254 =
WAL L, F72. 20134E 3 H 11 HITiE XC30 O)EFEE S 2B LT,

2013 4 4 AW OFFE YV — O E A FK 1 1x7, 2013 43 AIZ Cray XT5 3Y 'L —2A
i, Cray XC30 2FHUCEEM L7-, JAIST T3 % Cray XC30 1387 L\ Aries 1 > & —
ax s bF v P EEH L Dragonfly MR DI THR SN~y L LTET V7 #HIK Ty
DTOBBTHY ., ZOMERRIE 20183 4 6 A 17 HIZHRKRINTIZAX2 7 F 7 TOP500

(June 2013) 2BV T 433 (LITAET D e~ v TH D,

A THERRSen R A BT R B R SRR — Ml AR 2012) 13 2012 FF I
Wt F =P o RES T AFE Y — 2R L7 EOME & 2 DA #RE TH 5, &



A—P—D=—ALHIMEIIE L, SOICHRELFRMREEZMET 22N LE LT,
MPC BB N —T7 LlERE 2 =280 mpe A—VU 7V X MZEBWTARRE D) DI
AT o2, ZORER, HEEH O ZEEIC X - THBREFABH 225 10 1. MEFRSE2 55 22
RO E DR Z W TZI2We, FhaShelmE L0 AFE Y — N3 JAIST OEENZEDA
Y7 ZELTRIENT 7Y = a MR SN TODERF R D 25, LED X5z, bf
AR — NI R B E MR E A BT 2 BER CTET ETEEMEAH L TD Lz D,

# 1:JAIST CTHIH Al e 3R — (2013 45 4 A 1 HBIE)

FFE A EVASRR ST
IAEY, A7 —H
VAT A
. —F%e 360 /—F (720CPU, 5760Core)
SR TE B 119.8TFLOPS
AEUZE: 22.5TB
VEZ R T — 4815 200TB (Lustre)
Cray XC30 /B

CPU: Intel Xeon E5-2670 2.6GHz (8Core) x2
Memory: 64GB (8GB DDR3-1600 ECC x8) (=7 %7-Y 4GB)
J—REam L ERE: 332.8GFLOPS
S —RAEY/NRIE: 102.4GB/s
B ANy EY
273471 Cray Compiler, Intel Compiler, GNU Compiler
7477V GNU C(glibc), CSML(BLAS, LAPACK, ScaLAPACK, FFTW)

SGI Altix-UV1000

HA ATV (cceNUMA J7)
96 nodes, 1536 CPU cores, 12TB memory 7% ccNUMA 57Uz LSS,
H—AEVZEEZRD
J— R
CPU:Intel Xeon Processor E7-8837 * 2 %k
A%V :128GB (DDR3@1033MHz * 4 channels )
NUMA-link5 (15GB/#/mode) |2k /—R&#5 &
OS:SUSE Enterprise Server 11 SP1
T4A74E 51TB

A A2 Y(vSMP Foundation %\ C BIOS L~UL T, {(RARR2Y 7
N OS DY AT BEAERR)

8 BEOWHE ) —RIz&Y FFRAY7: 128Core, 870GB D AT AL THER
/—R#Ek (Fujitsu Primergy RX300 S7)

vSMP Intel(R) Xeon(R) CPU E5-2690 2.90GHz X2 X
128GB A&

Infiniband QDR 4x (245 /— R

0OS:CentOS 5.6

T A A73E  32TB, pNFS 1255 5% 10, /work L Cwwi b

HH ATV RV

CPU: ~ZFML# 102.4GFLOPS/CPU (&3 409.6GFLOPS)
NEC SX-0 A% :256GBEEA AEY)

AEYNURIE:1CPU H7-0 256GB/s (3 1024GB/s)
F 4 Ay % 5TB(RAID6)
0S:SUPER-UX(UNIX System V %:#il)




<Apollo gB222X/1143H>
Sy HAEY
VAT LAERT 704CPU 227, 2560GB D AEY
(5 /—R) 64node
CPU :Intel Xeon 2.93GHz(Nehalem-EP 4core) X 2
A%Y:24GB DDR3
(REBEAEY/—F) 8node
CPU:AMD Istanbul 2.6GHz(Istanbul 6core) X 4
AE1:128GB DDR2
T4 AV 4EE  /work 4.1TB(RAID6 Luster 7 741 /L3 A7 1)
0OS:Rad Hat 5.4
Infiniband 4 X QDR
Sy AT
Appro 1323G2-SM10
2{KT 144Core, Memory 288GB
1 /—ROERk:
AMD Opteron 6136 (Magny-Cours 8core) * 2 F&
NVIDIA Tesla M2050 * 2 %t
Apollo GPU 772 % 32GB DDR3
9 /—ROU AT AR THRELGmEFEMEEGE 10.6TFlops
(CPU 1.3TFlops + GPU 9.3TFlops)
Infiniband 4xQDR (245 /— Rl #Ei:
1y Ay )—K (SAS T4 A7 +NFS 77 A /L% —EA)
WORK i 2.2TB
E72Y 77 =7 CentOS 5. PGI Compiler, PBS Professional

Apollo PC 7724
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SIPENIC B T % I EAD B DR

TEREFATAR I EE =
SEH 4
FIFHGEHERE:  Appro gB222X/1143H, VSMP, Altix UV.
it

SR, Bl o WEHICHE K Z2HTH 5. SR, HMED T LickD, k&
b, hEgE, TRENEHRIN, MESEMETH 5. £/, BB, HivRE ZRET
272012, W5 L 7225 % ot 7o T oI B I S 9 A RERED D B, EAPEDBERE & R 3
%7 %12, CFD(Computational Fluid Dynamics) f#T0kk % 2 B TH N T 0 5,

H4 L, BWEOMRERZ IS 20T 272010, BWENOIRERTLE 2 fiT 3 % 72 0 D BJpe
BEMETIVRMEL 72, £/, BFENTIE, KA L AR D & KMt S 5
LR & BRI KB B T 2 BRI, AKPHERE I > Tws EHEHlI I
3. Lo, BERBERITECIENT 21T 9 72 DICIBRIC X 2B OB EI %2 Z5E L 72, HEL
ElF, ZRFECHHE R EOMIERIC X D BEIT2BETH 5.

AWEDOHE, XHRCT Hifkd & RPIUIRZ RS L, BB ZBRE L -MiTE X O
A2BR L TR WBEITOM G270k 2 2 & ¢, BENICET 2O ELZ S
PICT B ETHS.

P Ial—yaVvIIEERBTE NS E L, WREEL RN 2 W TS 2, Sl
TIHHBEBAL L, 7, B2 TIcB I 2 B0 E LR T 272012, TRT
LR DEME, BlEo72BA, BB L ER, W dimo7-225, Wizl
72 228D 4 O DG TR 2 2o 7z,

TRTDT —RICEWT, SPENOIRE T E X ORI X 2B 2R
BEMTE, WRLEDBBL o7 — A TIE, BEEBAOMENH N, ok
Dy —ATIE, ZABBROEENA SN, £, BHOHENEE I LALNT-DIL, &
WIRGD T —ATH o1, T, BWELRDTH, FIRUKERLZEDNS 720, EVREN
LR EDEDKOBEENS kbbbt EZONS, BB RIEDORTHBICE VLT,
MEDPCME DA B L 5.2 2 2 LRI N, miRIZ, JAIST DNiFIGHEER
BEeMHWws LT, %L D2 MIcIT) 2L TE .

WHFESERE:

1 Sho HANIDA, Futoshi MORI, Kiyoshi KUMAHATA, Masahiro WATANABE, Shigeru ISHIKAWA, Teruo
MATSUZAWA, Airflow Simulation of Nasal Cavity with Maxillary Sinus using Latent Heat Model, 10th
International Symposium Computer Methods in Biomechanics and Biomedical Engineering, 2012 4F 3 H.

2 WHHA, BHOGE, BN, MREIRAE, BN, MNERE IEEEETIC X 3 RIPENICK T 2RO E OB, B
9 AT AT AT 2 v RY T A, 201342 H.

3 NHHAH, B, SRS, MDEIRE, AN, DRI BB BIR L 2 RN OIEE BT, HARME S

ALPEEBEIER 55 50 Wi s - B S, 2013 4F 3 H.
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Appro PC Cluster, SGI Altix-UV 1000, SGI Asterism

WrFeRk

KERE LI, KEAREE AN TREN R IN/IERETHD. PR -GEI0%TEE DR TIIZE
%. EERBIRELIZKEIRIZ2 DA LRI NDIGEE PN, JEIEERE EH COR R E I E N &
MRFHZ KD HIHAL TS, A RENIRAE DL, BE D EHBIRD 720, [ DR % % IEH L 72d LI M5
DFEIRET D HEN I THD. UL, IR OIRRERICR IR DM A 3 HAEHI A H S I T
5. TNETIZ, My £/ 1385 BARD MR FY 32l —YavidZ BT hbTE 08, BEERIIHIT 2T
HHNIEFE DL RIBEEADREIZHSNLR>TOR. ZD7/-OARSETIE, CTHEEDSERER I
BB U7 E RO KEIIRICIRIT S UCIEE HE M 21T\, G O E IR LU IRBIZE T 2 R IG D ANDR
BTNz

B, CTIZ K> T SN2 B/ DIRAR IR A il L U IR E AR R U 72, TRIRIERIGEDE D, I DR D
AR, E DR D AU TAIRDITE MR U 72, BB ITIZ ATV N ST NSRRI N EAEL, D
i 5% Vascular Modelling Tool KitZ AW TR ZE U7z, FHROBE AT BT RBIIRESIZIR A BIEIZIZE
B8 G2 UCR IR — R0 A6 DIE B %R E U, MEIRIEE 5 2 /2B, poisuilleffii 4V K & Ui A
V2R UCIERR 5 AN 22 R R 7R 2YR ST D BIRRIR D 345 & U Tk E U7z, 7285 12 1dnon splithE 542 H L
7-. #tE X Navier Stokes FFFEA LD XA PISOIEE HWTHE L [E NI RL, A RARRIEE VT
BALL TS, BEBLITIZ R IR I IE — Rk B Rl 287y, BEERIEIC G S22 7y, U CRulerffHEHE U7~
AVY aDERR & FHEIZIFA—T = 2D P FEARY — L DOpenFOAM-2.1.1% £ L, Altix-UV&Appro PC
clustertZ T FHEZFT\. SGI Asterism% W CE B RO A Lz 17077

R DL R AT > ME A, B, BRI HO5 T RIGEDRIZE W Tldwallshear stresshjgdr 45 2%
DHERTE 2. UnUARDS, IEERORI% IR U 2B ORI ORI B W TUIIE IR EF Uz, BROR% %
BBUIZGBIE IO EMER U, DA EOFERNS, IMHFE I 5 SR BRI O 1R 56 K B ik 2
HBIRUIZ BRI Z B2 T IEVR R TH DL B 2 6N, /- EE KRB OBEBE DDA, wall-
shear stress&DEETIDIESNEERER TIFRONEHEL T 5.

- KMtz 4t, Nhat Bui Minh, KAT4GE, 21, MREEIRTE 2013, EERBIIREOIEEH MGRETIZES
BT, 50 BETRAR L2582, Eil, 20134E3H

- KtiF%47, Nhat Bui Minh, KYTHE, EESRI, MaEEIRT 2013, R DL LAYV RYY
I 4R, 20135:2H
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Appro PC Cluster, SGI Altix-UV 1000

WrFeRk

FEDEIF R BT E ) B R TO%EE R 72T CTHD. DIEOEREIFFERE K T 228215
WTHY, F/z, HaHIH AR TIROERIZEITIRSTERNTH D, WVEROZBHIILERE SIS H LN, EFE
DA DNECTPMRIUL, ZIRTTDT —EMEHND P ZE MG E TIXEN TN, TN T E N
AR E PR Z A > TV WU BEADH G RE R DY), £/2& DM THD. T I THEM BT
HY, HEILSHOSNTND IR TTOME F WG E VT 5 = oe IR EERLL, FEE R G O Bl L
AR ZE TLODE DI FITRND B Z i A /.

IR R 51 C RS X A7 2 5D IR R [ 45 % YUK D 25 TE A\ A [ % PO IR RET AL A FRT U, AR Al 2 [ e i
MO IVBEEEICN U CHMEEZ T U2, T8, Z0BERZGTRIENE, 17 REIR, (4
MEFE REIRF S U2, B U225 Laplas G2 % T, FARSEIRN TOHEI FHHANDEAZRE
G2 TH S IR T vVIREER U7z, RIS, IPRZALZ BT 57212 AR 72U % 3 Zblock match-
ing algorithm#{#i LT, BEH O EEE 25 U2, FIREFARD LS HFERE D E 1%, FHRIN/ZBEH D
FE B 2 AR - (EAR S 12 5 WO CIRIEMME Newton it 8 &€ D Navier-Stokes AR RO N IHIZR AT DL
IZ&oT o7z ARGHRIIZHSMACTER A U UE & JE 112300, BESUBISR RIS ok [ O 8L 725
B BEEOEIZ O E LA 2 W, EulerfF BN Lo TR DRENIGZHE L. SHROBER M,
TEFINOLELELE KERERIEE BEEARHEEL, B iZidnonslipiE il &b a 5.2 72, BEO B SRS BRI LT
TERR ST [ OD R o 2 AN I TEA D BETHI RS B B DA, HEKR 5 [ D3 43128 U Cld mirror node %
nonslip &M% 5 2 7.

FHHIZIZAppro PC Cluster& SGI Altix-UV 1000%fH U, #EEFIRBIZRE S S F THfHEIMiT>72. &
BLOOKER, M/ NIIZIX KBRS D% AL DR m A A, 220 E OSEIRN R B 2 B IE R ot 2
DGR E, TAULEDFERIRNV DGR TS /2.

U

- Yosuke Otsuki, Akihiro Kurita, Teruo Matsuzawa, Left Ventricle Cardiovascular Simulation Us-
ing Chronologically Sequential Ultra Sound Images, World Congress on Medical Physics and
Biomedical Engieering, Bejin, China, 26th-31st, May, 2012 (&#Hid")

- Yosuke Otsuki, Akihiro Kurita, Teruo Matsuzawa, Cardiovascular Flow Simulation by Correla-
tion Based Optical Flow, Virtual Physiological Human 2012, London, UK, 18th-20th, Sept, 2012

(EiedY)
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Amazon GPU 7 57 FICK % OpenFOAM #FEHEDE

VAN N ==
se:RE
Tl FLEL HE] EEL2 AT B

AKIHIKO SA1j0!

1. [FC&IC

EHICHB IS Ial—2 g YORAFIE LT, mED
MRI EG & RABI 7 i 5 A 2 AR U IR DIk S X o
L— 3 72175 T & THFfix E DRz FEER O BH I
LT DI A 5T L5, JHRENCTNT S, L
IEDNHS. TDX S RFREOMHEE M ERE Z Ve
VI alb—¥ g VIAIFEICRERIC RS DT, TIci3m
PERERT M (High Performance Computer) % U % A%
Nd5.

B, VoY Rav¥a—7 ¢V JERETORMGHER
FAMTbNDDHS. HEROIEAEE (Inhouse) BT
DIARR YV EEAD B NEY — AL TEMTHES O
AU, 797 RTREADR UWE T OGRS TR
LTHeZ XS 2L TEDOHTRIEY Y VDL TatE
WEBRZHEORITIZLWVSEDTHS. TDEXS 7% TaaS
(Infrastructre as a Service) JERED 7 Z 7 FatBE A H X
KBUET — 2t EONHTEBICZ <A ENTE
D, EABSHDO PC OFREZEZMA TS, ULk
W5 HPC B TD Y T RICBIT 2 FHAMEFHEOHIIE
RIEDIR.

759 R HPCZHW2 A » FOU D3R tE 2
VUMY U THBID, TTV = a v A
770, AL FREZFIHEBEBADF &R K 5 ICHRE
THIEMHRELTHD. FHAESHOTI VTHE
HERHRNDNEVRETH H0 7 T T FDIE S DFIEME

b JEREAER RN AR R AR R AR
Japan Advanced Institute of Technology and Science, School
of Infomation

2 AR v 2 —

3 vIal—ya R 2 —

YASUSHI INOGUCHI 2

TERUO MATSUZAWAL3

Mmoo, iz, HREISNMUWEREREZTT S &5 HERE
DYE, WABEMO HPC Z—EHE v 2 &Kv &34

rOmITEMEG G S, —J5, 757 KR HPC DT A
Uy k& U TR MPTEE#HERRIE T CPU Dz
HOWEEK TR, HREDOT LHH%. HPC 7T RHFHER
DOWZERIC T EREN S % I &V 5 R 7 7)) r—
g YOMWEIHAZET S, MPLIBERIFLEAEREL Uk
W7 )= 3 Y OBEEEEOEREN B ATREE D B B
—J7, MPI &G EREE A > 7 I 2FFDIEA
i &8 HPC & LN THRENIERICIKT T 5 2 W PRX
N5, ZBEOISU R7 TV r—ya oM 7075
LORRREE D2 — N ARTFET 5.

HPC M D7 Z 7 FH—E X< Amazon EC2 (Elastic
Compute Cloud) & 5. EC2 Y —UY XD HPC IR/ —
F & LT CCI (Cluster Compute Instance) 7% D, HPC
My OETERE/ — REHi> T3, CCI Ti& NVIDIA @
CUDA ¥ GPU #1— RZ#5H#{ L7z GPU CCIL hdH 5.
HPC OFHEZ EC2 CCIL TITH eV <D0 dH 50, 1
EREMIA IRV FR—=TRZFNUTENT T T —
vavIickBRETHY, 7TU REEETHRARMEIC S
F 59N HPC GHRIEH X DTN TWhEL.

A% Tld Amazon EC2 O GPU CCI Z W\, FEFE
iR AR EICH O 5% OpenFOAM % GPU CCI
RIS SR, HEDOAMADIME D S5 A F v > Lz Kk
A ¥ a e W TR OIEE HELRANT 2947 L, Amazon
GPU 7 5% R & Inhouse D GPU 7 5 A X & CHAER
b L7z,
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2. Amazon GPU Cluster Compute In-
stance

Amazon CCI I Amazon EC2 I X > TS N3 75
U R~ TH O, RPAHEANERICHE Ul s ERe Tk
OFFHTHS. AIFETIE CCIDS B, GPU Z#5#H L T
WBA VARV ATH S “Cluster GPU Quadruple Extra
Large Instance” (cgl.4xlarge) [6] Z On Demand fZHE Tl
5. D7z HIC Inhouse D Infiniband GPU Cluster
(pec-gpu) ZHWA. FNZFNOMARREER 1ICK LT,

3. BBty 7y 7 & MPI 4REHE

3.1 Bty v 7T

KL Tl Amaozon EC2 @ GPU CCI ZFIH T 5.
GPU CCL 0/ — RIZBHE, 7 AV H &R EHR (Virgina)
D HTRUEEINTED, HEADSFIHT 2551385
RT7 7 A INOEFEICRORBIEN D 5. Kz, TTAIVET
WBRK2/—RUDGPU A VAR Y RAENEHITENE
WDT, TNLULED /— FEZFHT %5613 Amazon I
HEE U CRIHRTRE / — RZR [ LIFTE 5 5080 H 5.

COlZHMMT 5 LRIEFICARTHD. T 0Th
57 ATCEZEMa Y —IVHARHEINTEYD, 0
ETVM, AFL—V0EM, 2w NT—VORGEREE
179. WA VARV AZFELIDE, TheT VT
L—h & U7 VM ZEHLH LIP3 2 & TR 9 A%
ZWEETCE 5. £/, API 2R L Tl 5a< Y R T
VM ZRETHLELTES.

FIEICEHT % OS & LT Cluster GPU Amazon Linux
AMI @ 2012.03 i {#H L7z, T4Ud Red Hat Enterprise
Linux Z2X— ZIC L7z Amazon DT H< VA A—
TVTHD, MPLEEEE GPU 2979 % DI EE HVM
(Hardware Virtual Module) %> CUDA Z{f5 7z D> —
WEY FDRHEN DA VA=)V ENTNS.

EC2 CCI LD I A28y —)L & LT StarCluster[7]
* OpenFOAM @ EC2 H VM T % Cloud-Flu[8] 74 %
W, AWHETIE GPU a— FZz2fi5 72y — VIV,
GCC a2 834F T OpenFOAM ZZa 81 )b L, ¥ AT
LISA A b—)V LTz OpenMPI Zffifl LTV 5 A 2 B3k
TR LTz, 7z Xeon DFEEET®H % HyperThreading &
MR F7 07T LOTFHERK T2 T ehH 50
TSN L.

AP L=V — RRZENEFN 0SS DizdhDr—)b
DV—F AL L—T%FFD, WHEIEODIES / — R
M5 NFS 752 ETRiEA b L—Tdh % EBS(Elastic Block
Store) R 2 —L%ZEZXT Y T BT LETESN, Open-
FOAM 1375/ — ROB—H)VA M L—YTI/0 2175 T
EMHRB T HF X N L—I M Uik o 7z,

3.2 MPINVFI—V

Intel MPI Benchmarks (IMB) I & % MPL#@{5ERED Lt
BT o 7. e 2 DRRAOIIE R THWS, /—
R OMIFEIE (Ghost Cell) DS & kS EEIZE) NS OR
Kl cds. mylofliz2 /—K (A AZVR) MWT
IMB PingPong O A v t—Y A X220 & B CHATHRER
ZatillL7z. 1 7 CCI (cgl.4xlarge) & Inhouse 7 5 A
2 (pee-gpu) DFERTH 2. A vb—IP A4 AWKEL
ZICHE, CCIDEEIE 6 f5n<ELEB T ENDN5B.
FERBEE & A X% Sbytes ICHE L, /— ROMHH %
ZeEETe. M2 R THS. CCLICHIT BHEHIEE D
LA TV UIFIERFICHEL, 100 BV E NS T b 5.
TOXIEBOVEEZY S I— R ThRINE EC2 T
FEHICIESRNT EADN 5.

IMB PingPong (2nodes)

== cgl.4xlarge == pcc-gpu

900
800
700
600
500
400
300
200
100

Elapsed time [ wsec]

0 50000 100000 150000 200000 250000

Message size [byte]

K1 Avt—IYARCHT % 2 /— FHELTEERR: EC2 CCI vs.

Inhouse Cluster

IMB Allreduce (8bytes)

== cgl.4xlarge =#= pcc-gpu
350
300
250
200
150

100

Elapsed time [ usec]

50

1 2 3 4 5 6 7

Number of nodes

2 J— FEUCHT 2 A4 aEERE: EC2 CCI vs. Inhouse
Cluster
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£ 1 EC2 GPU Cluster Instance and Inhouse GPU Cluster
Table 1 Specification

Hostname cgl.4dxlarge pce-gpu

CPU Intel Xeon X5570 2.93 GHz AMD Opteron 6136 2.4 GHz
CPU Cores 2(8 w/o HyperThreading) 2(16)

Memory 22 GB 32 GB

GPU NVIDIA Tesla M2050 x 2

Network I/F 10 Gigabit Ethernet Infiniband QDR

oS Cluster GPU Amazon Linux AMI 2012.03  CentOS 6.2

Compiler GNU GCC 4.4.6 Options: -O2 -fPIC

CUDA Version
MPI Library

NVIDIA CUDA 4.2
Open MPI 1.5.3

CUDA 4.1
MVAPICH2 1.7

4. OpenFOAM GPU #fAstE

LUIEORYF—7 DFERZE[E L, OpenFOAM IC K
2 MENIRN T OFHRZ1TS .

ARWFZE T DINE NIRRT IEIEE IR AR R PR A
OYERE TV Y, Schid G0 & (S IHED
75) Navier-Stokes 7720 GEE)ETHEX) THB. filik
73V XIS PISO & V5.

{ V- (pU) =0, O

U;+(U-V)U-V-(VU)=-VP
OpenFOAM IC BT % PISO £V )L N TNz Euler
T, ZEEEZARAREL (FVM) I K DBEEEL, LITD
FEREAF— L2 TMaEZRE T 5 (7)VdY X
L 1)[3]
fiiisi (Node) p ICH1F % #E) =T FEIERD & 5 ICHERL
ftEhzs.

a,U, = H(U) = VP
H(U) VP

=U, = 2
p ap ap7 ()

Z a, Uy,

neNEIGHBOR(p)

T T a, EHWEE LHGES CHBILLTEB NS U,
DfEE, H(U) & p i)V OBEBILTSIIC U Z21F
HEEieDz2EL LTS,

HHOXDHERULITRD K S 175 5.

vV-U= > 8U; (3)

fEFACE
T T Sid FVM OMEREOEFHIC/ M & ICTERE
REANT FIVTHD, Uy GZOHTORETH%.
WS £ I d0) 2 IR EERU L S W@ B e Ic B
WCHIZFWTIE 2 T & h K S.
U, = (H(U)) _(VP); n
f

ap (ap)f

where H(U) = —

Algorithm 1 PISO %

1: repeat

20 BIRETORE
FRRGE DR A D 7= &b i) 575 Rt el i <
PIVSHH OB R R OFHA
PCG ETH A2 <
VSR T OB R Z B I
H LW 500 B S5 2 51 E
Bi5aelt o i

9:  EHLNTEEIET 4. M SHEEDIRT
10: R 2Ty TRED %
11: until FALEERDZ 7 T H ]

[ BRI

ERZEERIE S NIl ORISARA U TEH DD
#5n%.

C D1 OF R Rz THE T 5 T L IE 150
PR Ax =b BMEEND (x RZIENDOHiEHDANT k
V[P, Py, ..., Py, biESHST 2453007 ML), (R80T
AR E R0, HREREETLEERTE CGIEIc k> TE
IR T e HIKS.

PISO 1 TIZBIEDRE X 7 v T O S 5 i) 7
WESGAREHL, ThEHOCTENORAEDTRERZRL [4].
FLWIE GO 27z 3 K 5 1GRE S 2B IET
. AN DK L TROIFE AT TITHE.

4.1 BRIV ILIND GPU 1t

HPLER(} & CG LR 7 V) AL 2 Il a— ROIET
£9 5. &, TTTOXRY MU p ik EORLIATHIO
VBRI E 175 £ L BARM R L.

PCG £ TRIERM O 2 EDIX T D5 B OE{TS
N7 hURE (SpMV) &R OERHTH 5. AW T
& GPU IZBIF 3% SpMV D)L—F I Li, Saad HIC KB
BB VNS AT 5V Tdh% CUDA ITSOL[2] ZHWV 5.
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Algorithm 2 Parallel Preconditioned Conjuagte Gradi-

ent

1: Given xg.
2: Let po =
3: repeat

: MPI Send GHOST CELLS of pg.

b — AXO7 Zo = M_ll‘(), ro = po, k=0.

4
5 aqr = Apk

6: MPI Recv GHOST CELLS of qy.
7 ak = prri/p} Ak

8 MPI Allreduce SUM ay.

9: Xpy1 = Xp + axPk

10: rgp1 =rK — arqk

11: Zri1 = M7 lrpiq

12: Bp =1}, ar/Plak

13: MPI Allreduce SUM Bk.

14: Pr+1 = —Tit1 + BePk

15: k=k+1

16: until (|jrxs [/ roll <

SpMV D i LI G BATHIRSANIE X & U TITH1 B 72 4
AAANCERRFT % JAD (JAgged Diagonal) #&#RIE 7z
Wa.
4.1.1 AMG FiLE

HPALBRET SR DS A1 & ORI BRI L S DML REZ2 TR
%2 KRFTH2D. —HICUZ LD & ETLEEFIEIY
WENEEZ L0 S FL—FAT7ORKRICHS. LL,
SOVF TV FETLEE O E P & IR 2 R S TR AL
Ej%“(“éé D, WIS RS 505 GPU Gt EAHMEN K

. AREFZE TR FREE O W2 R I 5 5

ﬁ’éﬂ(ﬂ’\]h*ﬁﬁﬁﬂ%iﬁi@“ T ENTEBRBHI<IVLF T
1w R (Algebraic MultiGrid) RijLEEZ W%, AWFZET
& CUDA IC X% AMG DT CUSP 4751 9] D
smoothed_aggregation 11— F7Zz 7z,

AMG FPLEETR S A, DENT IS AAEY 2K
Wi WS RENDS. 2 THiLEET (preconditioner)

i float THEARL, RILERAMKIZHRIE TS C&TCh
2D RATRT %
4.2 FHEEMH

ARG 2 RET 5. AHENGUS NI OFFKER (Tho-
racic Aorta) 27 MRI AFv >4 5 C Lic k> TRH Nz
ERLG 2 ANSYS #1:0 Gambit I X > TH L L, Open-
FOAM HIR§ FIc & UTe., LoD EZil%d 5 C
& T, SMALL, LARGE D&t 24 LTz, X3 D%
TALUTZKER A v 2 200 SMALL TH%. TOKICHW
THEOKMTRLUETDDRAL, FIMNRHEEOTHD,
TREDERFMN 252 %.

AR TOKREE, FHREMFOFMICOVTIE TN TN
%2, R3ICFLHTWVD

fE Sy EN OpenFOAM fFJED Scotch BB EZ A 7

FVY 0 IC K> TH A ZXMEIFEFELLAB XS ICHEIT

®2 iEHT
Table 2 Meshes

Name SMALL LARGE
678,892 1,412,899
Size [MB] 400 870

Num. of Points

&3 AHEAM

Table 3 Simulation parameters

P2IZA pisoFoam (OpenFOAM-2.1.1)

/e AL MEAREL v = 3.33 x 1076 [m? /s (i)
SLiRET IV LES &LRET IV

AMIEE SRS WAHEE V = 0.65 [m/s] (Re = 6500)
TR A HEE P = 0 [Pa]

SVESIRARARE. T - JEF;* EBIC 0.6

HVESSAF LIRS
LTSI AVIIVA

NEBRAGINHZENE A%/ )V LS (|rfly < 1.0 x 1078

[[6P]]1 < 1.0 x 1076 and [|6V||1 < 1.0 x 1076
£7/1 GPU-AMG-CG %, 3% diagonal-BiCG %

. Bl LT, K4 3EIREEZ 4 08U ThrILed
DTH5.

3 iR KEIRORE T

4 4w EIOR]

4.3 R

GPU CCLIZBWVT 1/ —RIcBI BT A XD
=27 (K27) &) — RAHIEIC RS B A —) > 5
(X5, 6) DRXVFI—7Z2iTo Tz,

MPI DIEEICKRER LA T IICEBD 5T, /—FIC
W BA AT Ar—1) 27Tk 8 s T CPU DN
AT 9f%, SNBKETIX 8 f5E, EC2 LOVILANGE
WIS ER RS TR —IVT % T e TE.

5. BE3E

EC2 757 K HPC OMRERIEZTT > 7zt & LT Zhai
5 [11] & EC2 1BV T MPIRYF Y —Z D IMB, \>F
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EC2 vs. Inhouse: AMG-CG 1 inner loop
cgl.4xlarge (CPU) mcgl.4xlarge m pcc-gpu
0.6
0.5
04
0.3

0.2

Elpased time [sec]

0.1
o - | ] N
1 2 4
Number of nodes

AMHEEICHTT B GPU CCI & Inhouse Cluster ® AMG-CG
NS AE D L

EC2 vs. Inhouse: SIMPLE outer loop

cgl.4xlarge (CPU) mcgl.4xlarge W pcc-gpu
1200
1000
800
600

400
200
0 ‘ i —t—
1 2 4

Number of nodes

Elapsed time [sec]

6 HIFEICHd % GPU CCI & Inhouse Cluster @ PISO #448
AL D LLig

X —27\wr—T%H% NAS Parallel Benchmarks IZ X%
FITZITV, 1/0 ERER O X b & BT ERERIE 21775 -
TWa. RIETERAGIEORT TV r—raicks
EC2 759 FOMREL, AT —IVOMRZ A 7.

6. 5@

A2 Tld Amazon EC2 @O GPU CCI A Y ARV A%
FWT IMB OHREIEZ1TV, gz x5 XAThENn
GPU-AMG-CG VI \ZBFE LT, MR DMRHTICH#EIS
LTEC2 FTEREITo 2. ZOFE, EC2 FlicsnT
EAT—IVT BT ENTE,

2EXH

[1]  Malecha Ziemowit M, Miroslaw Lukasz, Tomczak
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CFD &4 & 7~ & Nk
(15 EPR R KB IRAREED SR+ % ULP ORREZE(L &
BRI BT D AT v MEEBE#OBIMEILRDOEE)

FRRT WTER A K8

(R 5% - Altix XE 7 7 A%, Appro gB222X/1143H)

1. 1A PAZER R BIRARREE D> H LR35 ULP OfRRZ1 L

RPN T, ElE bt ST IT0E W RED R KERAREE 22 & o KREYIRE B D SE
TRBIOAERIIHEML TV, ZDHOEBICEIT 2RO THEIL, BEDOZK
RPN LI RRER T D, I, REORERZEGISH LT, CFD fi#t 2 v
Tobfx AR B 2 DT D, Fox D7 V—713, (APEPRZER R BIRAEREED & &K
% Ulcer like projection (ULP)Z%} 9~ D #RIFZEAIZ DWW T BT 5729, CFD gt &
T fifT 23 Z 72 o 7=, CFD fiffir & EFIC L 22WORREAMASEDES Z LT L5 T,
A% D RERIREOBW DO L5715 2 BN TE D,

ABFGE T, (ANMEPAZER K ENRARBE DK & % 5172 Computed Tomography (CT) 2> 5
FERERERZ B 22, EEEMTE R o, TO/ME, SEREMIZH D ULP NIk
FOOBEBNT, —F L Tz, E£72. ULP NOENDBEWERS-CRET D IS T) D J7 A3
BIHH 2 TCULP BDEERLTWAZ E 2B 6N Lz, £ivl, CFD fi#frid, RO
RO FHNCK L THIE TH D Z L& L, ERZH EMAGhE D 2 &L TEHEik
BHE 5252 NTED,

2. MBI 31T D AT v M E% OB E LR OB

MBI, MAERED MG T 5 Z L IC k> T L RRTH 5. %< DINENIRE
X, T D2 LI L > TEDOFENH LI | R LI EREOL AL T 5 A]
MRS D, Fio, REHOMBINREAFE R SN2 HEOWREHIEL LT, 7Yy
RaA NVIERNT, AT 2 MRERB ZRbIL TV DM, BEOERITK L TR R e 6%
ETH D aA NVERITROAT - MERO X O RIENIBRENER ST 25, MENIRRE
DHMIE, IANNRLAT V M EFET D 2 LI X o TEN~OHN 2 K S & CEh e
HRET D, T LT, MNEEREISED 2 L L 0BENOMRKREZIEEL ., BNEERT
HILENTE D, AETIEZ. A7 v P ERE L L S OBLE OILRAE N O e P 2E
W2k L CRIETREZA S MNICT D200, AT v MEEGOME LK E L8 L= & T
TVTGIRRCE RG> © FEREEE L 72 I TR A58 L CFD fitT 2 FlW TRt 2 s 2 72 o 72,
AT v NEBEROMEIKRESE LIZSE, MDA =X AP R LENEET VL
23 0 HET BN T, A OWAROBD 5 X OYEEEIZ ) 2 BET Y JE 1504 DI

17



TRHbNTz, MRV EET BT, BORIENMEZLE L2k 2wy, mE
TERDOHFIE, BRY Y a VR GET D2 2HLMT Lz, £72, AT 2 MAERKIT,
A7V FANT » ML 2 MEHE & B MEILRA RO 52, 0L ERAZORBD
KD HH 20%DBIMAETEROEN RSNz, £ LT, BEECH D DEES Y IS5 ICE
WTh, AR S FRICBIMEIER O FIIKRE otz, ThbL, METLROBEIT, @
BRI LOET VLY HIENOFTEAEE R JOYEEEIC 0N DBET D IR A MR 95
72 O IMENIRIE N O I ke R kT L TR TH B L 5 2 5,

KRBT, 2D ORFFEICITEIE SRR T 5 SGI #0 Altix XE 7 7 A % X2 Appro

gB222X/1143H # f\ =, b OFEME ECWAHERA B 2 o Z LI K- CEHHE AR
DRI, FHRFREH ORHEN TE T2,

UISE S

1. Futoshi Mori, Hiroshi Ohtake, Go Watanabe and Teruo Matsuzawa. Numerical
Simulation in Ulcer-Like Projection due to Type B Aortic Dissection with Complete
Thrombosis Tyep. Chapter of AORTIC ANEURYSM -RECENT ADVANCES (2012) (in
press).

2. Futoshi Mori, Nhat Minh BUI, Teruo Matsuzawa “Effect of Parent Artery Expansion
by Stent Placement for Saccular Cerebral Aneurysms”, Ninth International Conference

on Flow Dynamics: 420-421 (2012)
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= Y7 AL A PRI 2 o 2 P

il

TEBA e Rl vl pF2E =
SR
FFHEHE: XC30 Altix

WA, PER T AL ZAEOFT L WFREE LT, A 7o 2A»EHEZED WD, 7
AUV T I 74 —2HOEE7a RIE W TE, BE7 02 20 K0 D Ri&E)
METH DL, [EEROTNIZC E, TR OMHERNE R RRICHKET S
TEEPHEE IND, IR T R A, BT 0L ARTET, MEORHRIERE N,
#O/NEE - K3 A MEZ AR & T 2 EENAABEO VWS DTH D, HEHEDE WX
MR 7Fax 2AEMiTH 5, BE70X 2B WTIE, BES Y ay EFEnss 70X
VITTY, BEIO, vruAxYL I UoRFIBREKKELT, T/ ATV ENK
FW EICEBAR L, BERT 2 2 & TTNA AL I NG, OB, HIEKIKRR DI~ DIE
RIS 7o 2QEERHE 22, HIEZIHEERZEZ 9 & BIBREAIRIZFNR FI2iE
RIS, F/ A7) Y MCIA T 207D T NA R 2T % 2 LSRR
o TmAVPERIANEBIAE, FRERNY - FERRIEHEREICIKEFE L Tw 523, 20370k r =
RALZGH L., 8B 258 2FHE, Bk 7 2 2L EE, BFEDERZ2ED 3 T
SEELPECTH 5,  IBOERE OB Z, IWRORER D IS 2 01/ o Rtk
ZHMEIC T 2B L0 5, TE, EMEZRE (L T2~ FBEHE 2 HwT
oy R R 2R AR ZH S 23 5 2 LT, EREICE D 2 BB R I
BT AYPEENREE 72 %, BENEEIEEZ RX—2 L L 728 RBEGH RO B TERE X
COTRENORE - PRICHMT 2 2 EBHMSNT W B, ZOHBICEWEEMEZ
HYEHE Yy 7 A vz VT, MEWMROE —FHEGFEIC L 25EZED TV 2,

MAFEIZ, 9. AT 2> 7a~Fds 500 2 8BEZ2ER L. &K
WEYTALVREEHOT, SEMBOREZITo%, ZOME, RI1TITRT X I IKHEE
HifR 2 Rl % 2 I3 L 7=,

1.5 I e T T T
\ B LDA-VWN O
| GGA-PBE =
% oo s B3LYP ©
— 1r i e DMC -+ b
> \ [ I
2 )
: SN
5 % .. ‘\Q\-o |
§ N\ | B ) O -
[} L Eg ©-0-0-g
£ 0r N e L R-mom 'E -
e
Heg g8Y
_0.5 1 1 1 1 1

3 35 4 4.5 5 55 6
Interlayer distance d [A]

X 1: ¥ 7a~¥Hs 5 v okta i
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B—REEFREHHEICESI DNARSY XV )

TE WA e R AHRAER, A R
15 FH 2155084 - Altix UV1000, SX-9

IRFEREGRDE ) L W Te iy FRINZ, ARGOA A UG EDBE O FR G & g
LTHWHAERTHY . BHER AR T OGS - BERE. D T MmEEE XL, £
D EFEEFBIL, BRGSO PARKS OBRfE L G E21T 5 LT, HREBITRIMEICEIT D
HHELRELE > TWD, FICEFHFNOEFREDS SITEKRT 208 01X, b0 LW
HEATHY, a0 Ca—T 4 7 AZXDWET A AT 2 RERPEEREZ 5 2 T\ 5,

HoJREE T Aen (QMC) 1T, b EEEOEWER T2 52 5% —FEE 1
RREHAEFEDOOESE LTHMON TS, ZOFHEIL, 73 ) XARKEHIIFINTH
HI28 . IO KRB FIF R L OB S X<, 07 - BIRE A BLEBDE R I3 LS
AR EHDOTEHREE 7o TV D, ZD7, FEEELHE a2 NOWE CHFEITNT
YADENTEFIEE LT, T, FRICERSNTWS, FIAFIXINE T, oI oBRHFE W
EEMEDOE QMC BB HIRER R 2. A1y 1#5f (para-diiodobenzene) @ 2 DDk
(AT T L. 2 ORI 2 E P O Bam TN RS LTz,

R 13T, QMC 12X v, B-DNA H o Watson-Crick UL (AATT) A X v
T OFBUILI LTz, U7 TiE, QMC FHRICK D XA Z vz px X —2HHL, £0D
EEHIKAEZREET D & & bic, FHEEBEENEAROR L F~v—VitREZTo, BFEST
TNV BB T 2RITRIEERL. KON BEPLBISBGERREIX, Altix UV1000, SX-9 EiZA1 > & b
— L EINTWDLEEFHE Xy 7 — Gaussian 09 & VW TSAT L7,

WFIEHERR

1. The Importance of Electron Correlation on Stacking Interaction of Adenine-Thymine Base-
Pair Step in B-DNA: A Quantum Monte Carlo Study, K. Hongo, N. T. Cuong, R. Maezono, J.
Chem. Theory Comput., 2013, 9, pp 1081-1086.
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Quantum Monte Carlo study of high-pressure cubic TiO,
RS RIFRA R 1, 7T RKHE 2 giEE L, AT TRART vy R 2

|

SR R AAEE A & DT X B oS EME, BEYE & L CoRREEL 2], &
HEEE O TFHNEES,4]0 0 ISR Z Z D TR Z RN TWAIMETH 5,

AMFFETIX, B IEHBCE 7 WV IEEFIRIEGHR 2 W T 2O OmEZ B - 72[5],
VHFEICBW L, RERBMERSNEHEAE LR L, Bo, BT8R &0 RLfEmE%
WENCFLR T DT X AT v v X LV ORENPERIEE R E S TWD, ZORIZONT,
BB OND AT YA RREERT 2 ¥ WVAERRIEIZOW THEERWVERTRE 21T - 7261,
HEREYE & L CORTREMEICEE LT, #EEALBIEOE CoRE RO i S v 72 as(1,2],
AFEIC L DEEHEERORE TIL, XA 7T RO 450 GPa FEEIZK L. 250GPa F2E
LRE S, BEME L L TORTRBMEIC A E R 22 R & SR L7e, P I BEE L T

HFX v v TOREEIToT2, GWIEIZ L DX v v TEORE(T L EET HEREET-,

BEWE DS WFHEER LK T, BENEBIECL DN — RO 7+ /) VR EBEE
IZEONOIY MAR B Y [3,4], FFLELLF CTORMES 0 IZHB VT, BEVOHLEED & 5 #
HERFONTND, KFETHRAE— R RS 5 & KRERIEFEN RSN, Zhz
D A D FCTHEED L 0 ZET 2 RN R ST,

TABLE IV. The Excitation energies at the I” and X wave vectors of ¢-TiO,. The statistical error bars on the DMC energies are =0.07eV. I';g, — I'j5, is the
width of the valance band at the I" point calculated via indirect excitations to X3, and Xs, — Xy, is the width of the two highest valance bands at the X-point
calculated via indirect excitations to ['ya..

(in unit of V)
Exciton DMC (Ewald)* LDA-USPP* PBE-USPP* PBE-NCPP* PBE-WIEN2k" Gw"
Xy, — Iz 2.90 105 111 1.22 1.13 2.369
Xep = Tya 5.21 329 317 323 3.17 4.932
s — Xae 4.76 276 2.65 2.63 2.64 3.994
oy — Xae 10.76 8.27 7.67 7.62 T7.63 9.921
| ST R 4.10 1.98 197 2.06 1.98 3.602
agy — Disw 6.01 549 5.02 4,98 4,99 5.927
Xsp = Xy, 2.31 223 2,06 2.02 204 2.563

a; Our work[1], b; ref.[3]
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_ +donor

t<100>

Ti dinuclear

Fig. 1. Active site models in MgCl,-supported Ziegler-Natta catalysts. The “coadsorption
model” is shown in the frame.
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ethyl benzoate (EB) methyl benzoate (MB) ethyl heptanoate (EH) phenyl propionate (PP)

Fig. 2. Employed monotester-type donors.
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Fig. 3. Correlation between experimental and calculated data.
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Theoretical Study of a n-stacking Interaction in Carbonic Anhydrase
Muhamad Koyimatu (D2)2, Hideto Shimaharab, Hidemi Nagaoz
aKanazawa University, bJAIST

Summary: Carbonic anhydrase (CA) can be found in plants, animals, and certain bacteria. CA is
zinc-containing enzyme that catalyses the reversible hydration of carbon dioxide to form bicarbonate
and an excess proton. The role of the zinc ion in the enzyme is explained through the two-step
mechanism. In the first step, the zinc-bound hydroxide binds to the carbon dioxide to form the
zinc-bound bicarbonate. The bicarbonate of this intermediate is replaced by a water molecule. In the
second step, the zinc-bound hydroxide is regenerated by transferring a proton from the zinc-bound
water molecule to an exogenous proton acceptor such as buffer in solution.

Human CA II (HCA II) has 106 s! of the maximal turn over rate that is the fastest value among
those of CA isozymes. A kinetic study shows that the maximal rate of a mutant, in which His64 is
replaced by another residue, decreases to the similar value to isozymes. The X-ray crystallographic
data of HCA II shows that the distance between the imidazole ring of His64 and the zinc-bound
water is approximately 7.5 A in the active site, and several water molecules are visible between
them. His64 has two conformations, "in" and "out", representing the direction of the imidazole ring
toward and away from the active site. Therefore, His64 is accepted to facilitate the transfer of the
productive proton from the zinc-bound water to a buffer molecule in bulk-water through intervening
hydrogen bonded water molecules. Many researchers have focused on drawing the mechanism of the
proton transfer of HCA II.

For a long time, the final step of the proton transfer (the release of the proton from His64 to buffer)
has been assumed to be connected with a rotational or swinging movement between "in" and "out".
For example, Maupin et al. reported that this conformational change should occur in the catalysis by
using molecular dynamics simulations of a model system. However, the indole of Trp5 was not used
in the model system. According to the crystal structure, the indole ring of Trp5 planar parallels to
the imidazole ring of "out" conformation of His64 in an off-centered structure, in which a face-to-face
or stacking interaction should be formed to stabilize the two aromatic rings. In addition, Riccardi et
al. and Shimahara et al. suggested that the orientation of His64 need not influence the proton
release. Mikulski et al. also supported it, using kinetic and X-ray methods. Therefore, the possibility
that the existence of the indole ring of Trp5 interrupts the rotational movement of His64 remains.

In this study, in order to estimate detailed rotational properties of His64, we constructed two
model systems with and without Trp5, and then simulated by using MP2 method with 6-311++g(d,p)
basis sets. The goal of our study is to clarify the detailed mechanism of catalysis.

Figure: A. A model system of Gly63-His64-
B[ Trps —1 Ala65 structure. When the imidazole ring

potential energy of passes above the main chain axis of the Gly63-
H rotational motion

His64-Ala65 by rotation (x1 = 0), there is
o I (_\ thought to be the potential energy of rotational
Al motion. B. A model system of Gly63-His64-

Ala65 structure with Trp5. When the "out"
conformation is stabilized by the indole via the
stacking interaction, a change should be
investigated in the potential energy. The
potential energy surface of the A model system

— — was compared with that of the B model
system where Trp5 is included.
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Model structures and computational details: Two model systems were constructed to investigate the
n-stacking interaction between Trp5 and His64, as shown in Figure 1. The first model system A
consists of Gly63, "out" conformation of His64, and Ala65. The coordinates were obtained from the
protein database (PDB) file of the crystal structure of HCA II (2CBA). The y1 angle of the "out" was
changed: twelve points of y1 angle were manually adjusted (-98°, -78°, -58°,-38°,-18°, -10°, 10°, 21°,
41°, 61°, 81°, 101°). In these structures, hydrogen atoms were artificially added. Considering that
there are three forms of imidazole: the positively charged imidazolium, the N81-H tautomer, or the
Ne2-H tautomer, we totally constructed 36 structures. The CB and indole of Trp5 was added to the
first model A to construct the second model system B. The coordinates were also obtained from the
PDB file. The same manipulations were performed to the model B (36 structures). Thus, we totally
constructed 72 structures. The density-functional theory (DFT) using Becke, three-parameter,
Lee-Yang-Parr (B3BLYP) method was employed for the structural optimization of the location of
hydrogen model systems. During the optimization, hetero atoms (carbon, nitrogen, and oxygen) were
fixed. Considering the special interaction between electrons such as the n-stacking, it is necessary to
use the electron correlation method. Since BSLYP does not included the electron correlation theory,
we used the second-order Moller-Plesset perturbation theory (MP2) method to estimate the energy of
structure. Thus we performed two-step calculation to obtain the energies of structures. First,
B3LYP/6-31G(d,p) level was employed to optimize the geometry of hydrogen atoms in the structures.
Second, we determined the energy of the optimized structure at the MP2/6-311++G(d,p) level.
Self-consistent reaction field (SCRF) method were performed on all calculations e=4.24. Calculations
were performed with the NEC SX9 machine equipped with the Gaussian 09 series of programs.

Conclusion: These calculations allow us to determine the potential energies of the imidazole side
chain rotation in the model that has the n-stacking interaction of the imidazole with the indole. The
result indicates that n-stacking interaction causes an increase of the rotational potential energy. In
addition, the hydrogen bond interaction between His64 and zinc-bound water is also likely to
interrupt the rotational movement (under calculation). These imply that the rotational movement of
His64 is not required for the catalysis of HCA II.

List of articles, conferences, and collaborations:

1. Theoretical Model for Assessing Properties of Local Structures in Metalloprotein M. Koyimatu, H.
Shimahara*, M. Iwayama, K. Sugimori, K. Kawaguchi, H. Saito, and H. Nagao*, AIP Conf. Proc.,
1518, 626-629, 2013, The 4th International Symposium on Slow Dynamics in Complex Systems,
Sendai, 2012.12.02-07

2. An Approach to Water Molecule Dynamics Associated with Motion of Catalytic Moiety, Hideto
Shimahara*, Kimikazu Sugimori, Muhmad Koyimatu, Hidemi Nagao, Tadayasu Ohkubo, and Yuji
Kobayashi, AIP Conf. Proc., 1518, 610-613, 2013, The 4th International Symposium on Slow
Dynamics in Complex Systems, Sendai, 2012.12.02-07
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A study on the proton transport property of oriented Nafion thin films for fuel cells

School of Materials Science
Yuki Nagao
Used MPC : Appro PC Cluster

Solid state ionics i1s a research field attracting much current attentions because it
provides the ideal power sources for use with portable electronic devices. One of the
most urgent subjects in this field is to understand proton transport properties at the
interface between polymer electrolyte and other materials from the viewpoint of
developing much more powerful energy.

In this study, a Nafion thin film was prepared by spincoating on a silicon (Si)
substrate to investigate the proton transport property at the interface. The infrared (IR)
p-polarized multiple-angle incidence resolution spectrometry (p-MAIRS) technique was
applied to investigate the in-plane (IP) and out-of-plane (OP) spectra to the surface. The
IP spectrum showed a well-known spectrum, but the OP spectrum was quite different
from the IP spectrum. An anomalous IR peak was observed in the OP spectrum at 1260
cml,

From quantum chemistry calculations, using a DMol3 package in Materials Studio
v6.0.0 (Accelrys Software Inc.), this peak was attributed to the —SOsH vibration modes
between two sulfonic acid groups with hydrogen bonds. These results demonstrate that
the Nafion thin film on Si substrate had a highly oriented structure with the sulfonic
acid groups at the side chain.

Impedance measurements of Nafion thin film were conducted to investigate the
proton transport property of the Nafion thin film on SiO: substrate. The proton
conductivity of the thin film exhibited a lower value than that of the commercial Nafion
membrane. The low proton conductivity of the Nafion thin film was related with these

highly oriented structures and hydrogen bonds.

Publications

1. Y. Nagao, “Highly Oriented Sulfonic Acid Groups in a Nafion Thin Film on Si
Substrate”, The Journal of Physical Chemistry C, in press.

2. Y. Nagao, “Substrate dependence of the proton transport and oriented structure in

oligo[(1,2propanediamine)-alt-(oxalic acid)] thin films”, revised.
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The Report for Using JAIST's Computational Servers

Name: Guoliang Chai

Affiliation: Department of Organic and Polymeric Materials, Graduate School of
Science and Engineering, Tokyo Institute of Technology

Collaborator: Prof. Kiyoyuki Terakura in JAIST

Used machines: Cray xt5(xc30) and PC cluster(pcc)

Typical computational size: 24(or 12) hours for 32(or 128) procs.

Simulation codes used: Quantum-Espresson and CPMD

Abstract of the work

The shortage of energy resources and environmental pollution are two urgent
problems in contemporary society. Proton exchange membrane fuel cell (PEMFC) is
expected to make important contributions to solving these problems. The efficiency
of PEMFC is determined by oxygen reduction reaction (ORR) at the cathode, and up
to now the most effective cathode catalysts for the ORR are platinum based catalysts.
However, its large scale commercial applications are hindered by high cost of Pt, and
the Pt based electrode also suffers from low selectivity, poor durability and CO
deactivation. Currently, the carbon alloy catalysts (CACs) are the most promising
catalysts alternative to Pt-based catalysts because of their good performance for
ORR, low cost, rich resource and free from CO "poisoning".

In this study, we use first principles calculations to investigate the ORR
active sites and ORR mechanisms. Firstly, the free energy barrier for O, adsorption
on different active sites on CACs was calculated by molecular dynamics using CPMD
code. Secondly, Gibbs free energy difference for each electrochemical elementary
step was calculated by density functional theory using Quantum-Espresson. A lot of
different types of g-N doped CACs were considered to search for the ORR active sites.
With the results of these calculations, we found that Stone-Wales defect sites may
have good performance for four-electron ORR. Our results also show that CACs with
some specific curvatures can approach the ORR activity which is comparable to that
of Pt catalyst (0.79 eV). We hope that the present study may lead to the
improvement of the efficiency of hydrogen fuel cells.

Publication:
1. Guo-Liang Chai, Zhu-Feng Hou, Takashi Ikeda, Da-Jun Shu, and Kiyoyuki Terakura, Active Sites and

Mechanisms for Oxygen Reduction Reaction of Nitrogen-Doped Carbon Alloy Catalysts, preparing for
publication (2013).
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First-principles study of hydrogen-enhanced

phosphorus diffusion in silicon

Le The Anh

Otsuka Lab, School of Material science, JAIST,

Machines used: Cray XT5

Program code: Quantum Espresso

Typical computational size: XT5, Small package, 128 Cores

We present a first-principles study on the interstitial-mediated diffusion process of neutral
phosphorus (P) atoms in a silicon crystal with the presence of mono-atomic hydrogen (H).
Under the condition that either P or Si atoms occupies the substitutional site and the other P or
Si atom and a H atom occupy nearby interstitial sites, we derived four low-energy P-Si-H defect
complexes whose formation energies are significantly lower than those of P-Si defect
complexes. These four defect complexes are classified into two groups, A and B as indicated in
Figure 1. In group A, a H atom is located near a Si atom, whereas in group B, a H atom is close
to a P atom. We have found that defect complexes can migrate with low barrier energies if a H
atom stays close to the same atom. Group B complexes can migrate from one lattice site to
another with an H atom staying close to a P atom. Group A complexes cannot migrate from one
lattice site to another without a
transfer of a H atom from one Si atom
to another Si atom. A change in the
structure of defect complexes between
group A and B during the migration
results in a transfer of a H atom
between P and Si atoms. The results
for diffusion of group B complexes

show that the presence of

mono-atomic H significantly reduces

the activation energy of P diffusion in  Figure 1. Four complexes are classified into two groups, A and B.
. . In group A complexes (Al and A2), a H atom is located near a Si
a Si crystal, leading to the  som whereas in group B complexes (B1 and B2) a H atom is

enhancement of diffusion of P atoms  close to a P atom. In all four structures an H atom occupies a
. tetrahedral interstitial site, and directions of H-P and H-Si bonds

at low temperatures, which has been are nearly parallel to < 110 > directions.

suggested by recent experimental

studies.
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Origin of cooperative transition of antisite-Arsenic defects in Be-doped
low-temperature-grown GaAs layers

Mohd Ambri Mohamed, Pham Tien Lam and Nobuo Otsuka

School of Materials Science, JAIST

We investigated the origin of the cooperative transition of antisite-Arsenic defects in
Be-doped low-temperature-grown GaAs layers by first principle calculations [1]. We carried out
first-principle calculations for the transition of an Asg, atom with a Be atom in a GaAs crystal to
investigate the change in surrounding lattice due to the transition. In this study, the Asg, defect at the
substitutional and interstitial site are named normal and displaced state, respectively.

A 3x3x3 supercell consisting of 216 atoms with an Asg, atom and a Be atom, was used.
One Asg, atom was placed at the center of the supercell, while one Be atom occupied the
second-nearest-neighbor cation site of the Asg, atom. For the displaced state, the Asg, atom was
initially displaced in the [111] direction by 1.2A, which was obtained in an earlier theoretical study
on a neutral Asg, atom in the metastable state [2]. All configurations were then fully relaxed to reach
the minimum-energy structures. Density functional theory was used for the calculations. The
generalized gradient approximation functional in the PBE formula developed by Perdew, Burke and
Ernzerhof for the exchange correlation and double numerical plus polarization basis set were used. A
4 x 4 x 4 Monkhorst-Pack grid of k-points was employed for the Brillouin-zone integrations. All
calculations were performed using Dmol3 code by altix machine with 8 cores per job.

According to the first-principles calculation [2], the total energy of an Asg, defect in the
displaced state is higher than that in the normal state by 0.24 eV. Therefore, a sample with a very
low concentration of Asg, defects is expected to relax monotonically towards the normal state at a
fixed temperature. Interactions among Asg, defects, however, are expected to modify the relaxation
process significantly in a sample with a relatively high concentration of defects. A change of the
structure of an Asg, defect between the normal and displaced state is expected to result in a large
strain in the surrounding lattice.

Fig. 1(a) and (b) show (110) planes of the supercell for the normal and displaced state,
respectively. Sizes of the deviation of the interatomic spacing Ad/d from that in the perfect GaAs
crystal, 0.2448 nm, are shown by different colors in the figures. As seen in these figures, a change in
Ad/d in the order from 107 to 107 occurs over the nearly whole supercell when the Asg, atom
transforms from the normal state to the displaced state. Many Asg, defects, therefore, collectively
contribute to the strain field and lead to long range elastic interactions among them. Another
important structural aspect of Asg, defects is their random distribution in a crystal. A high-energy
and complex strain field, therefore, is expected to form if both normal and displaced state coexists in
a sample. Such a strain field suppresses transitions of Asg, defects from the displaced state to the
normal state if the latter is the minority state in a sample; a number of Asg, defects in the normal
state decreases so as to remove a complete strain field, resulting in bistability at non-equilibrium [3].

The average distances of Asg, defects in these samples are a few nm. It is, therefore,
unlikely that these defects electronically interact with each other, as the direct exchange energy of
normal-state Asg, 1s only a few peV [4]. The changes in the interatomic distance between Asg, atom
and nearest neighbor atoms with the transition from the normal state to the displaced state are more
than 4% [5]. Furthermore, an earlier X-ray diffraction analysis of the structure of AsGa defects
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shows that the interatomic spacing of the normal state gradually decreases over the distance of
approximately 3 nm from Asg, defect [6]. These results imply that lattice distortions caused by one
Asg, defect extends to nearby AsGa defect which results in cooperative transition.

In conclusion, we studied the origin of a cooperative transition of Asg, defects in Be-doped
LT-GaAs layers. Results of magnetization measurements of samples with different Asg,
concentrations and first principle calculations suggest that elastic interactions of Asg, defects via
complex lattice strains induced by the coexistence of the normal and displaced states lead to the
cooperative transition. Further studies, however, are necessary to quantitatively clarify their strain
field. Based on the first principle calculations, it is expected that cooperative transition of Asg,
defects may also result in the occurrence of abrupt change in the electron transport property.

- 10X 102

. 50x10° |

- -5.0x10°

[001]

Fig. 1. (110) planes of the supercell containing and Asg, and Be atom for (a) the normal state and (b)
displaced state, showing sizes of the deviation of the interatomic spacing Ad/d from that in the
perfect GaAs crystal.

[1] Mohd Ambri Mohamed, Pham Tien Lam, K. W. Bae, and N. Otsuka, J. Appl. Phys. 110 (2011)
123716.

[2] D. J. Chadi and K. J. Chang, Phys. Rev. Lett. 60 (1988) 2187.

[3] Mohd Ambri Mohamed, Pham Tien Lam, K. W. Bae, and N. Otsuka, J. Appl. Phys. 113, (2013)
053504.

[4] K. W. Bae, Mohd Ambri Mohamed, D. W. Jung, and N. Otsuka, J. Appl. Phys. 109 (2011)
073918.

[S] Mohd Ambri Mohamed, Pham Tien Lam, and N. Otsuka, J. Cryst. Growth, in press.
[6] S. Fukushima and N. Otsuka, J. Appl. Phys. 101 (2007) 073513.
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First-principles calculations
on germanene and hexagonal Boron-Nitride

Name: GIMBERT Florian
Affiliation: Takamura Lab, School of Materials Science

Used Machines: Cray-XT5
Program code: OpenMX

Germanene

Graphene has been extensively studied due to its exotic electronic properties, but its integration into
Si-based device technologies is difficult. For this reason, interest for other elements with
honeycomb structure emerged. It has been recently predicted by first-principles calculations that
freestanding silicene and germanene, the counterparts of graphene but made of Si and Ge atoms
respectively, have graphene-like electronic structure. So far, silicene has only been observed
experimentally on Ag and ZrB, substrates but the substrate-induced symmetry breaking and the
hybridization between the silicene and the substrate causes the loss of the Dirac fermion
characteristics. Currently, the properties of germanene remain in a large extent unknown.

I have performed density functional theory calculations using the OpenMX code, which is based on
norm-conserving pseudopotentials. The electronic properties of germanene have been calculated in
function of the strain and a stable freestanding layer occurs with a buckling. Another motivation
was to see if a stabilization of germanene multilayers could be obtained, as multilayer silicene
nanoribbons seem experimentally realized on Ag(110). I have so studied stacks of germanene with
different strain and thickness. Our results show a strong modification of the bands structure with an
important hybridization between the Ge layers. The graphene-like electronic structure with linear
dispersion around the Fermi level is not seen anymore. The stability of germanene on ZrB, was also
studied by molecular dynamics with the OpenMX code.

Typical computational size: 1-64 processors
Hexagonal Boron-Nitride

Currently, atomically thin layers of carbon (graphene), silicium (silicene), germanium (germanene)
and hexagonal boron-nitride (4#-BN) attract a lot of attention. Systems combining graphene and h-
BN showed a promising properties. h-BN bulk has interesting characteristics like high temperature
stabilitym low dielectric constant, large thermal conductivity, Ultrathin layers of boron nitride
appears so like good functionals materials. The successful growth of single BN layers by chemical
vapor deposition (CVD) or subsequent chemical reactions has been reported, for example, on
various 3d, 4d, and 5d transition metals. Depending on lattice mismatch, symmetry of the
supporting surface and interaction strength between BN and metal, a variety of morphologies can be
achieved. The growth of hexagonal BN layer on ZrB, was realized by Prof. Yamada-Takmura and I
started to study this system by first-principles calculations.

Typical computational size: 212-356 processors
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The study of silicene by using computational facilities of JAIST

School of materials science

Chi-Cheng Lee

(in collaboration with Yukiko Yamada-Takamura and Taisuke Ozaki)
Used Machine: Cray-XT5 and Appro PCC Cluster

Silicene is a newfound material that could be the most promising candidate for
the future industrial applications. Not only the fascinating Dirac cone electronic
dispersion that has triggered a tremendous amount of studies on graphene has
been identified with the Si-based free-standing regularly buckled structure but
also the structural flexibility of silicene highlights the tunability of the electronic
property. In order to have a better understanding of silicene, we have performed
the calculations of free-standing silicene and silicene on ZrB2(0001) thin film.
The calculation is based on the density functional theory (DFT) within a
generalized gradient approximation (GGA), implemented by the OpenMX code.

From the investigations of free-standing structures, we found several interesting
phases besides the regularly buckled and planar ones, for example, a planar-like
structure and charge-density-wave structures. The planar-like structure exhibits
one Si protrusion per hexagon while the other five Si atoms reside in the same
plane. The charge-density-wave phase is found to possess lower energy than the
regularly buckled one under stress. Even for the free-standing phases, a big
supercell is needed to allow more degrees of freedom in showing different
charge-density-wave phases with various wavelengths. The various phases
imply the more allowable engineering and tunability than that in graphene.

For the silicene on ZrB2(0001), we first focus on the study of one Si per (2x2)
ZrB2(0001). The planar-like structure, which exhibits one Si protrusion per
hexagon, is found to fit the substrate quite well. In fact, we can explain why the
planar-like structure can gain more energy from this simple analysis. Indeed,
such a planar-like structure is found to be the ground state on the (2x2) unit cell
of ZrB2(0001). Furthermore, we found the existence of a stripe boundary is
preferred for this system. In order to study the property of silicene with the
stripe domains on ZrBz(0001), a large-scale calculation has been performed.
Moreover, we have developed an unfolding method by using LCAO basis to
investigate the electronic structure in the same Brillouin zone. From that the
electronic band structures of free-standing silicene, silicene on the (2x2) unit cell
of ZrB2(0001), and silicene on ZrBz(0001) with the stripe domains can be
compared on the equal footing. The translational symmetry breaking can be
easily visualized. Some of the large-scale calculation of silicene on ZrB2(0001)
with stripe domains are still under investigation.

For these studies, the computational resources that we have used range from
one core/job to >200 cores/job depending on the purpose. For example, we need
a computational resource to be larger than 200 cores per job for the domain
study and only need one core per job for the unfolding procedure. Some of the
results of these studies are in preparation of submission.
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Massive Parallelization of OpenMX

Truong Vinh Truong Duy
ISSP, The University of Tokyo
Currently stationed at Ozaki Laboratory, RCSS, JAIST
3 April 2013

Machines: Cray XT5, SGI Altix UV1000, Appro PC Cluster.
Code: OpenM X (http://www.openmx-square.org/).

Typical computational size: ~ two hours and 256 processors

Abstract

OpenM X (Open source package for Material eXplorer) is an open source parallel software package for large-
scale simulations in the discovery and development of new materials in the field of computational material
sciences. To enable large-scale calculations with hundreds of thousands of atoms and cores and make the best
use of paralel computers, our group has paralelized OpenMX with two massively parallel methods: a 3-D
domain decomposition method for atoms and grids [1], and a domain decomposition method for multi-
dimensional FFTs[2].

In the former method [1], we first develop a modified recursive bisection method based on the moment of
inertia tensor to reorder the atoms along a principal axis from three dimensions to one dimension to ensure data
locality in the atom decomposition. The atoms in the origina domain are recursively divided into the sub-
domains depending on their projections on the principa axis in a balanced way among the processes. We then
define four data structures to make data locality consistent with that of the clustered atoms for minimizing inter-
process communication in the grid decomposition. Meanwhile, the latter method [2] is developed with two
distinguishing features. adaptive decomposition and transpose order awareness for achieving minimal
communication amounts compared to the previously proposed methods. Based on a row-wise decomposition
that tranglates the multi-dimensional data into one-dimensional data for allocating to the processes, our method
can adaptively decompose the data in the lowest possible dimensions to reduce communication amount. Also,
this decomposition offers plenty of orders in data transpose, and different order results in different amount of
communication. By analyzing al possible cases, we find out the best transpose orders with minimal
communication amounts for 3-D, 4-D, and 5-D FFTs. Also, our method is generalized to M-D FFTs. In addition,
efforts have been made to reduce memory usage by on-thefly communications, improve the MPI
communication among the MPI processes with non-blocking routines, and accelerate calculations by various
optimization techniques such as the application of BLAS level 3, SSE, loop unrolling, etc.

Benchmark results show that a diamond system of 65,536 atoms could be processed in less than 1,000 seconds
with 2,048 cores of the Cray XT5. We also confirm that OpenMX is capable of processing systems of up to
131,072 atoms on the XT5. On the K computer, the parallel efficiency at 131,072 cores is 67.7% compared to
the basaline of 16,384 cores.

[1] T.V.T. Duy and T. Ozaki, arXiv:1209.4506 (2012).
[2] T.V.T. Duy and T. Ozaki, arXiv:1302.6189 (2013).
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ADb Initio study of point defects in Armchair Graphene Nanoribbon
M. Manoharan
Mizuta Lab, School of Material science, JAIST,
Machines used: Cray XT5, SGI Altix4700
Program code: OpenMX
Typical computational size: XT5=>» Small package, 128 Cores; Altix UV1000:64CPUs/job

Graphene is widely studied due to its remarkable material properties that include very high carrier
mobilities and large current carrying capabilities. Undesirably, defects are created in the geometrically defined
regions during electron/ion beam exposure in the device fabrication process. These defects strongly affect the
electronic properties of the device. In this work, we study the electronic states and transmission properties of
Graphene Nanoribbon (GNR) with point defects based on Density Functional Theory and Non Equilibrium
Green’s Function techniques based on openmx code. OpenMX is a parallelized electronic structure code,
based on density-functional theory (DFT) method and designed for large-scale materials simulations. It has
been developed by Prof. Ozaki group. Initially, the device channels with point defects were geometrically
optimized (Fig. la) and the resultant geometrical structures were used in the further ab-initio simulations.
Emergence of much localized gap state was noticed from the density of states calculation GNR with the point
defects (Fig. 1b). But, transmission spectrum showed no transmission around the gap states (Fig. 1c). It was
revealed from the wavefunction analysis that the emergence of the localized gap state is due to the spatial
localization of the wavefunction around the defect region. As a result, the overall carrier transmission rate was

reduced. Also, transport bandgap widening occurs with the increase in the number of point defects.

140 T T T T T T T 5 T
128 }J) b _C)

188
88

68

40

Density of states
Total Transnission

20

A

L L L f L L ) 1 1 L L L
-2 =-1.5 -1 =-8.5 ] a.5 1 1.5 2 -2 =-1,5 =1 =-8.5 e 8.5 i 1.5 2

Energy {eV) Energy {eV)

Fig. 1 a) Rearranged single vacancy defect structure in the GNR channel after the geometrical relaxation, b)
Density of states and ¢) Transmission Spectrum of the geometrically optimized single vancancy defect in the GNR
channel.

Publications:

1. M. Manoharan, K. Kitagawa, and H. Mizuta, “Ab Initio study of point defects in Armchair Graphene Nanoribbon”,
The 60™ JSAP Spring meeting, 29p-G10-4, 2013, Kanagawa.

2. M. Manoharan, H. Mizuta “Ab Initio Study of Downscaled Graphene Nanostructures with Point Defects” BIT's 2nd
Annual World Congress on NANO-S&T, 5-8, Qingdao, October 2012.

3. M. Manoharan, H. Mizuta “Impact of Point Defects in the Graphene Nanoribbon on its Transport Characteristics”,
Conference on Computational Physics (CCP2012), Refereed, DFT-18, Kobe, Japan , October, 2012.
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The report on Use of Computing facilities of JAIST

‘Research Center for Integrated Science, Japan Advanced Institute of Science and
Technology, Ishikawa 923-1292, Japan

2Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China
Hongming Weng

Used Machines: XT5, Appro PC Cluster, SGI Altix UV1000

1. The electronic structure of NalrO3, Mott insulator or band insulator?

Abstract — Motivated by the unveiled complexity of nonmagnetic insulating behavior in the pentavalent
post-perovskite NalrOs, we have studied its electronic structure and phase diagram in the plane of Coulomb
repulsive interaction and spin-orbit coupling by using the newly developed local density approximation plus
Gutzwiller method. Our theoretical study proposes that the metal-insulator transition can be generated by two
different physical pictures: renormalized band insulator or Mott insulator regime. For the realistic material
parameters in NalrOz, Coulomb interaction U = 2.0 eV (J = U/4) and spin-orbit coupling strength n = 0.33 eV, it

tends to favor the renormalized band insulator picture as revealed by our study.

The calculations in this work is partially performed by using OpenMX software package

(http://www.openmx-square.org) developed by T. Ozaki in JAIST. LDA+Gutzwiller calculations are based on

the accurate effective low energy Hamiltonian from Wannier Function orbitals. This work is published on EPL,
101 (2013) 27003.

2. Dirac Semimetal and topological phase transitions in Az;Bi (A=Na, K, Rb)

Abstract — The vacuum of Standard Model above electroweak transition can be regarded as a system with
marginal Fermi points (MFP), which is not stable and may decay into three topologically distinct universality
classes, i.e., vacua with gap, fermi surfaces, or Weyl points. We expect that, condensed matters with emerging
relativistic quantum field theory in the low energy corner, may be relevant to such physics as well. Here we show,
based on first-principles calculations, that crystalline A;Bi (M=Na, K, Rb) are three dimensional (3D) Dirac
semimetals with MFP protected by crystal symmetry. They possess non-trivial Fermi arcs on the surfaces, and
can be driven into various topologically distinct phases by explicit breaking of symmetries. Giant diamagnetism,

linear quantum magnetoresistance, and quantum spin-Hall effect will be expected for such novel compounds.

This work is performed with VASP and BSTATE software package and the results are published on Phys.
Rev. B 85, 195320 (2012)

3. Magnetic ordering and multiferroicity in Mnl,

Abstract — Density-functional calculations are carried out to investigate incommensurate magnetic structures and
ferroelectric polarization in the newly discovered multiferroic material Mnl,. The exchange interactions among
local moments on Mn are parameterized by mapping the mean-field Heisenberg model on to the total energy
difference of several magnetic ordering states. The experimentally observed noncollinear magnetic states are well
reproduced by using this model and exchange interaction parameters. The direction of polarization
experimentally measured is also consistent with the result derived from the symmetry analysis of the
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magnetically ordered state. In particular, we find that the interplane magnetic exchange coupling is pivotal to the
emergence of the spiral magnetic structure. This noncollinear magnetic structure, combined with spin-orbit
coupling mainly from I ions, is responsible for the appearance of ferroelectric polarization.

This work is performed with VASP software package and the results are published on Phys. Rev. B 86,
134413 (2012)

4. Fermi surface sheet-dependent band splitting in Sr2RuO4 revealed by
high-resolution angle-resolved photoemission spectroscopy

Abstract — High-resolution angle-resolved photoemission measurements have been carried out on Sr,RuO,. We
observe clearly two sets of Fermi surface sheets near the (r,0)-(0,7) line, which are most likely attributed to the
surface and bulk Fermi surface splitting of the B band. This is in strong contrast to the nearly null surface and
bulk Fermi surface splitting of the a band, although both have identical orbital components. Extensive band
structure calculations are performed by considering various scenarios, including structural distortion, spin-orbit
coupling, and surface ferromagnetism. However, none of them can explain such a qualitative difference of the
surface and bulk Fermi surface splitting between the a and B sheets. This unusual behavior points to an unknown
order on the surface of Sr,RuO, that remains to be uncovered. Its revelation will be important for studying and
utilizing novel quantum phenomena associated with the surface of Sr,RuQ, as a result of its being a possible
p-wave chiral superconductor and a topological superconductor.

This work is performed with WIEN2k software package and the results are published on Phys. Rev. B 86,
165112 (2012)

5. Correlated Topological Insulators with Mixed Valence

Abstract — We propose the local density approximation+Gutzwiller method incorporating a Green’s function
scheme to study the topological physics of correlated materials from the first principles. Applying this method to
typical mixed valence materials SmB6, we find its nontrivial Z2 topology, indicating that SmB6 is a strongly
correlated topological insulator. The unique feature of this compound is that its surface states contain three Dirac
cones in contrast to most known topological insulators.

The LDA part calculations are performed with WIEN2k software package and the results are published on
Phys. Rev. Lett. 110, 096401 (2013)
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The Report on Use of Computing Facilities of JAIST
Department of Organic and Polymeric Materials, Graduate School of Science and
Engineering, Tokyo Institute of Technology
Zhufeng HOU
Used machines: Cray xt5 and PC cluster (pcc)
Typical computational size: 48 hours and 32(or 64) procs.
Simulation codes used: Quantum-Espresso, CP2K, and OpenMX
1. Oxidation of vacancies and its influence on nitrogen doping in graphene

The non-precious carbon alloy catalysts (e.g., nitrogen-doped graphene) have recently been
shown to have high catalytic reactivity towards oxygen reduction reaction (ORR) in polymer
electrolyte fuel cell (PEFC). In most of the carbon alloy catalysts synthesized in various ways, the
content of oxygen is generally higher than that of nitrogen. To understand the effect of
oxygen-containing functional groups on the nitrogen doping in defective graphene sheets, we
have extended our previous density functional theory calculations [1,2] to study i) the adsorption
of epoxy and hydroxyl on graphene with vacancies; ii) the interaction between oxygen-containing
functional groups and N substitution. Our results show that oxygen-containing functional groups
energetically prefer to be adsorbed on the defect sites. In particular, the ether group (C-O-C in
plane) is more stable than other functional groups (e.g., epoxy, ketone, hydroxyl, and threefold O)
around monovacany and divacancy. Our results also show that the oxygen-containing functional
groups and N substitution attract each other. It means that N substitution is energetically
favorable at the site next to the adsorption site of oxygen-containing functional groups on
graphene. In the presence of an ether group at vacancies, the substitutional N tends to be a

pyridinium-like configuration at monovacancy and a pyridine-like one at divacancy.

2. Theoretical analysis of O K-edge x-ray photoelectron and adsorption spectra of oxygen
functional groups in oxidized graphene

To understand the local structures of oxidized graphene (or graphene oxide), we have simulated
the oxygen K-edge x-ray photoelectron and adsorption spectra (XPS and XAS) of different oxygen
functional groups (carbonyl, hydroxyl, epoxy, ketone, ether, threefold O, and so on) at the edge,
at vacancies, and/or on surface of graphene. The chemical shift of oxygen 1s core-level binding
energy is studied. The origins of the features in the simulated O K-edge XAS spectra of these
oxygen functional groups are clarified. The simulated spectra support the commonly accepted
model that hydroxyl and epoxy would be adsorbed on the surface of graphene. Besides that, our
results suggest that ether and ketone may exist at the vacancies and edges of oxidized graphene.

Publication:

1. Zhufeng Hou, Xianlong Wang, Takashi lkeda, Kiyoyuki Terakura, Masaharu Oshima, Masa-aki Kakimoto,
and Seizo Miyata, Interplay between Nitrogen Dopants and Native Point Defects in Graphene, Phys. Rev.
B 85, 165439 (2012).

2. Zhufeng Hou, Xianlong Wang, Takashi lkeda, Kiyoyuki Terakura, Masaharu Oshima, and Masa-aki
Kakimoto, Electronic Structures of N-doped Graphene with Native Point Defects, Phys. Rev. B 87,
165401 (2013).

3. Zhufeng Hou, Takashi lkeda, and Kiyoyuki Terakura, Oxidation of Vacancies and its Influence on

Nitrogen Doping in Graphene, (2013), in preparation.
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[1] H. Ohnishi, T. Kosugi, T. Miyake, S. Ishibashi and K. Terakura, “Spin-canting in lightly
electron-doped CaMnO3”, Phys. Rev. B, 85, 165128 (2012).

[2] H. Ohnishi, K. Kosugi, T. Miyake, S. Ishibashi, and K. Terakura, “Metallic state induced by
spin-canting in lightly electron-doped CaMnO;”, Nature Conference 2012 — Frontiers in
Electronic Materials, Eurogress, Aachen, Jun. 17-20, 2012 (Poster).

[3] H. Ohnishi, S. Ishibashi, and K. Terakura, “Canted Antiferromagnetism in Electron-Doped
CaMnOj; under Epitaxial Strain”, 15" Asian Workshop on First-Principles Electronic Structure
Calculations, IAMS, Academia Sinica, Taipei, Nov. 5-7, 2012 (Poster).
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HULTIE O(N)-NAO EBITEDFEEICITMBIEIBWNEBZZI NS,

[£L8)] SEBIS LT ON)-NAO BHTEICEDE, 4L NAO £EE & L = Natural Bond
Orbital (NBO ; BIEILEEND—D, Lewis EFEEMICHTEL) [3] £HETEY—ILEEK
T 5,

[1] A.E.Reed and F.Weinhold, J. Chem. Phys. 78, 4066-4073 (1983).

[2] http://www.openmx-square.org/
[3] J.P.Foster and F.Weinhold, J. Am. Chem. Soc. 102, 7211-7218 (1980).
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1 {2 DMPC/GA, DSPC/GA DL J517] z |2 %} % Lateral pressure profile DAk % 7~9, AT
it |z] <15 A IEED ALK ZEB BRI KIS T D, z=20 | A (WM IESEEADICBI Sh 2 A DE S
VB 2 AR 5 TR S 9 D FE IS E U B 0D BROK A2 BRI i e AR A RIS 2 L 4 2 IE D JE )13 % ik
BT LM<, 7T IS LTREDENZZ 7 IV OME~D T by vy — & L TH
o 2ODRDESEIELEORER, BEOP LTz <8 A)TIX2ODRDENTRKE BB RD
NZRNDITE L, Z LS O N RIS T IE DSPC/GA IR D I MK & 7R [E ) FetE & 7~ L7z, 372> 5 DSPC
DT T I P ~OREENDE N EPRENTZ, K227 T IV D z FIANSRT 2 Al fL
PO 2T, MALERIIEO PO TIIRE REWR L ONRD -T2 F v s — Mk
(Iz|>10 A)TIZ DSPC N D 2T 2 22 v OHIFLEED T3NS UWMEZ R LTz, ZOEWIEK 1 ISR L
72 DSPC, DMPC IZI51F 2 HEHNEJFRFEDTE NS A LT TE Y | F ¥ 37— MEEOMALOME/INT
AT VRSO — b ~DT 72 EY T 4 OBWDERRL TN D,

[2%30#k]

[1] Kelkar, D. A.; Chattopadhyay, A. BBA-Biomembranes 2007, 1768, 2011-2025.
[2] de Planque, M. R. R.; Greathouse, D. V.; Koeppe, R. E.; Schafer, H.; Marsh, D.; Killian, J. A. Biochemistry
1998, 37. 9333-9345.

DMPC DMPC/GA DSPC DSPC/GA
A [A7] 62.9+1.1 (60.6) 58.9+1.1 (58.9) 63.8+1.3 (64.8) 61.5£1.6 (63.9)
d,, [A] 35.1£0.5 (35.3) 36.3+05 42.6£0.7 (41.5) 42908
deoco A 26404 (25.4) 278205 34.00.6 34.640.7
Sep 0.17£0.01 0.18£0.01 0.17£0.02 0.180.01
Fop |%] 299403 295403 313205 309405
Apy [deg.] 60.8 60.9 623 61.6

1. BRGNS T A—F . RIS R E

[F#i#HX]
1. H. Saito, M. Iwayama, T. Mizukami, M. Tateno, and H. Nagao,, Chem. Phys. Lett, , 297-302, (2013).
2. H. Saito, T. Mizukami, S. Kawamoto, T. Miyakawa, M. Iwayama, M. Takasu, and H. Nagao, , Int. J. Quant.
Chem, 112, 161-170, (2012).
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Ty UNRH,FCLOHEIGINIT —LF =TT F 7 = F ) VR ATOWTH—FEE
HAEiTo7z, F,ClL,OH #&m LA, =y UN Y v 7V LIEEENLE T, =R F—nN
Y RF¥ vy ANIEOEEZEADTZDIZ H EImD5E L0 W2 L2 g0oT-, OH #&imd
Satx, OH IO EEROT-DIZF, Cli& L D HHIZ AN RX v v TN & b 5570
7=

[

777 2 XEBIELFFOZ L THONOD BB TH LT BT 3 ATSHT S
TeOIIFZ ANy Ry v TORIENEE TH 5, I, FEERHE ZRO7 —LF =775
7 x ) 7 VAR (AGNR) ZJRA L~V TREESIE L TP A T 2 FiER#HE ST g
(1], ZoHEIC LR, =y VETE OB CKIE L7 AGNR BMERAIREIC/Z2 D B XD
5, OH #4m L72%:5 (OH-AGNR) (Z=v U» Y v 7L, Hi&m L7254 (H-AGNR)
TR DEIREEZ T Z ERHRmNICHE ShTnWa (2], £72, F, Cl#&E L7156 (F-
CI'AGNR) & O A FF2 2 & BB RSN TV D 2[2], ZOFEIREEITFEL <3
RHENTORY, AlElFk L X, =y VEMIC K DT A ARERIE OS2 G 2720, F-
CI-AGNR OEFIRREZ 5 — R BREH R K o T~ 7o, W 72EH R 22— R OpenMX Th 5,

[FE 5 & i

LA L TIERN IR A S B2 biLd VAR Ui N=17, 19 ® H-, F-, Cl-, OH-AGNR
WZOWTHEEITo 72, [2] L FEE. H-AGNR (X P2 ENLE TH D0, F-, Cl,
OH-AGNR (X 1 IR L=y VN v 7NV LEEN RO LE E IeoTz, 2DV v 7Ltk
EIE, B LR RO S REENRE CTH Y . =y VIEFIZREL TW 5, A&t
MO RN F—DHBIZE D | 5V C-FRGEZRM L T, F-AGNR b ZEL LD LN
Binole, TENENOTRLX =N\ RgEEZHANTZE A, 2 1T Lo, F, Cl
OH-AGNR O =R /LF—\2 R¥ v v 71X H-AGNR LV H k< e o7z, ZHUIEEEA DT
HTHY, OH-AGNR TiE, B#2 L7z OH EMOMAEEHIZL Y F-, CIFAGNR X0 § EiZA
VR v TR o TWND I E BT,

ZDOXHIT, MEZEEMEMOMEBEFERHOT-DIZ, =y PRIEEOFEEIZ L > T/ 7 7 =
Y VRCDONY RE Yy TRENT D ERNS ol Ty VOEBMIIL LTI T 7=
T VAR OEFIRBAHE TE D aEMEZ "9 2 & B HIRZ,
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(2% i)
[1] J. Cai et al., Nature 466, 470 (2010).
[2] P. Wagner et al., Phys. Rev. B 84, 134110 (2011).

[Fm g1
1) “First-principles study of edge-modified armchair graphene nanoribbons”, H. Jippo and M.
Ohfuchi, to be submitted.

[F%K]

1) “First-principles study on geometries and electronic structures of halogen-terminated armchair
graphene nanoribbons”, H. Jippo and M. Ohfuchi, 43[R 7 7 —L V> « F /) Fa—T « 757
T URAETVYRTY T A, BALKT, 201279 A5~7H (3P-21).

2) “First-principles study of edge-modified armchair graphene nanoribbons”, H. Jippo and M.
Ohfuchi, 544817 T —L v« F /) Fa—T - 7772 VREV VATV T A, HAEKY, 2013
fFE3A11~13H (2P-44).

3) “myVEBHMicNTT —ALF =TT T T =) ) VR OFE—FEGHE, BE, K,
2013 455 60 [FIS L APl E, 28I LAY, 20134 3 1 27 H~3 A 30
H (29p-G12-5).
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