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1. JAIST iz BiF A3 E - — B
Ry 7 — R
WEmEEZeR km B

JelSe iR AN R EBE R (JAIST) Tif, 2% CHRARIHrTRE/ G H - — N, R
#Td D MPC 7 —7 (B4 35 Massively Parallel Computing systems (ZH3), MPC
TN—T A N—=NOaT a—F =oK% H (FREFER, ~7 U 7% A = A0
FERt, FNRERERRZERE) & Jeim S SEEAT SRR 2 R T D A =2 I S D MPC
7N —7 LR AR O RN EN 2 Y DBl o Y — E BB REREE LV R D
EH SN TWD. @RISR % — L MPC 7 L—7 - MPC B 7 L — 7 D BIRIE5 % SCik[9]
R[101% S RFEV 720,

2009 D JAIST (Z351F % A TR — BRI O B il e O E 72 - i@ 2 LU 5.
MPC 7' v—7"L LCiE, HP #AB L TZ 722 ( http//www.jaist.ac.jp/mpc/ ), 2009 4EJE|Z
WEHHUC A=V 7Y X bADBERT 4 — LR EDER L E ot T 5 =V &2 Epll LT,

MPC HE 7 )N—T 1L MPC /v —T D2 —HF =1 oD0F 2R EiF ¥ 2—27 7 A0 EDOM
Bl LTS 52 &0 mpe A—Y 7 U R MIBTLHHAEROFHOHEZIT> TN D.
2009 1% 2 A 10 HIZ MPC E#./ L —7 & mpe ~E—a2—H— L fFRFEE =1L D
=T 4T EBRBEL, xt5 1T Ny THOF 2—0BINE LR —H —472 1) O KFE{T job
BOHRESR, 2010 4 3 A0 LBEHLED SX-9 & PCC DOF a—A 7V AT AOFERRKIZ OV T
dam ATV, o —HER R TR 2 E L.

THHA Y v 2 — LSRR OEA, HIW ° S/IW OERRSF, L0 —P—~D&FE
K= R EfTo TS, MAT, WHEFHEE = DL~ 1o E~OdR—DO—BE
LI EREOHME#REE2IT->TW5. 2009 £H1% 6 HIZ Cray XT5, SGI
Altix4700, NEC SX-8, SGI AltixXE 7 7 A% FPGA / — RO#EEZFMEL, 12 AIC  Cray
XT5 FIA#E#E S (h#kim), IBM QS22 CellB.E A& MR 2B L=, £7=, 2009 4F 3
H X 0 BEZBALE L7z Cray XTS5 O BfF T iE M2 ME ST 725 HPC V—7 v a v
TR 2009 & 5 H 25 H~26 HIZY LA « Uy R0« A 7 LIEWEI | o # — 0 3L[F ChilE
L.

2010 4= 3 HIZHRHEES N TWGHR— DA £ 1 I2E L& 7. 2010 4F 3 A LY SX-8
26 SX-9IZY FU—AMToilc. ZIUTLY, 6FMOBmMEREEZ AT 57 ML e
72. £72, PCC LI L TWD Appro D7 7 AH L AT A BB LGNS F 2 —A T A
FANEAINTZ. ZOT AT AT, Intel ® CPU #HioE#EE / — & AMD @ 6-core
CPU% /—KH1=0 4V 7ry NEOKBIER ) — REB DDV AT ALigo TS, 2D



e, 77 r—va CORHEICEDETENEND CPU IRk L7 e I I 7 %175 2
CIZEDENAT v AR TE D, F2, HTILWPCCIXQDR A U7 4 =N Ry
NI = I TEREESNTZ WA EY DV AT LA THDHN, AT LAEKTIE 704CPU 27 % %
HAE VT EdA A Y O Altix4700 ([ZVLES 5 2660GB OEFEELHA L. Fz, 4HFED
U7 L —2 250 v890 DY —E ZANMEIL L= Z L 12 KV sparc 2D CPU MAFHFEEERED
MBEEZHE L. L L7Zeny s, Fujitsu SPARC Enterprise M4000 (SPARC64 VII 2.4GHz
4core X 4CPU, 64GB # & V)T THERL S LD 1 HFL - v % — D UNIX # — I F 1 — B R
T sparc ZGDA TV 7 7 A VTFEITARETH 5.

A TR R RN R AR A G — Ml A BCR S F 2009) 1XE @B
Z—NHRESN TV DA E S —EFH LI EOME L 2O RERETH L. K2 —
P—D=— XE MR L, SOICHRELHRBRELHEST 22 L2 S LT, MPC
TN—TDHELFEBRRFEE X —I1CX Y mpe A—V 7 U R MZBWTAREE~OH ) DK
FEAToT2. ZORE, HFEHOIEEICL > TERBIESBEND 71, MEERZESEND 15
fh, MRS E NS 1 HFOREDORHEZ VW, 2 OWE X MEEE S BB
TEEOMEDEAFE S —"EHNTUT RO TN D ZENbND. £z, I ZERFEOBN
LT, MERESIICB T DALY 70 r—ya v EFATT AR L CH AT
—ABRELFHENTWD. BED ki, AFEF— NIZEEN R RRED—D2 L LT
FTEFTEHERIEMZHFHLTNDLEWVZD.

# 1:JAIST TR ARG A — (2010 4F 7 A 1 HEIAE)
HEFEA F kR
S HAERY, AHT—R
CPU: Quad-Core AMD Opteron 2.4GHz (Shanghai)
FHE/—R:
CPU: AMD Opteron 2.4GHz X 256 X 8(19.6TFLOPS)
AEV:16GB X256 = 4TB
CPU f##ki: 3D b—FAfE A
H#igE: CPU-CPU [ 6.4GB/s(HyperTransport)
CPU-AEUR] 5.3GB/s
J—=RIPBINEA~DT —Hirik 7.68x18 = 138.24GB/s(MJ5 1)
P—ER/—NR:
CPU: AMD Opteron 2.4GHzX4X8
AEV:16GBX8 = 128GB

Cray XT5




NEC SX 3 J—=x

NEC SX-8(2010 4 3 A% —E A T)

CPU: ~ZMUH 16GFLOPS/CPU (&7 128GFLOPS)
AEV:64GBUELA AEY)

AEYNURIE: 1CPU $7-9 64GB/s (B3 612GB/s)

74 274518 : 5TB(RAID5)

0S:SUPER-UX(UNIX System V #:#iL)

NEC SX-9

CPU: ~Z/MUA 102.4GFLOPS/CPU (43 409.6GFLOPS)
ATV :256GBELH ATY)

AEUNURIE:1CPU H720 256GB/s (&5t 1024GB/s)

F 4 274518  5TB(RAID6)

0S:SUPER-UX(UNIX System V #E#lL)

Sun Fire V890

A AEYR(2010 45 8 A —L A& T)
CPU:Sun UltraSPARC-IV (1.35GHz) X8
AEY:64GB

interconnection Sun Fireplane (9.6GB/s)
T4 A : (lwork) 400GB

network: 1000Base-SX, 1000Base-T
0OS:Solaris 10

SGI Altix4700

HH ATV

CPU:Fa7nar A7/ R) Itanium2@®) Fotoi
AEY:24GBX 96 &
NUMALink4(6.4GB/f) 7 7 7 Vo 7k & &w =35 A€ VA
G7F 96 D7 ey (192 Hlo=7), 2304GB
0S:SUSE Linux Enterprise Server 10 SP1

SGI AltixXE250

oy AL AEYAY
Master /—R:Intel Xeon 2.8GHz/12MB(8 =7) X1 /—F
CPU:Intel Xeon 2.8GHz/12MB X2 (8 =27) X4 /—K
FPGA:Intel Xeon 2.13GHz/12MB (4 =7) X1 /—FK
FPGA £ =—/ L : XtremeData Inc XD22601

(Altera Stratix ITI SE260 FPGA X 2)

IBM Cell B.E.

Sy AL ATV
CPU: IBM Power5+ 2.1GHz (/& #L/—F)

IBM PowerX 8i Cell 3.2GHz X2X8 /—F
FREm1ERE 217G Flops X 8=1.7TFlops

Apollo PC 7724

<Apollo>(2010 4£ 3 A #—E A& T)

CPU:AMD Opteron DP Model 250(2.4GHz) X 32
AEY:4GBX 32

T A A 160GB X 32

0S:SuSE Linux Enterprise Server 8, SCore 5.8

<Apollo gB222X/1143H>
Sy AL AEYAY
VAT LAERT T04CPU =77, 2560GB DA€Y
(B /—F) 64node
CPU:Intel Xeon 2.93GHz(Nehalem-EP 4core) X 2
A%1:24GB DDR3
(KREREAEY/—F) 8node
CPU:AMD Istanbul 2.93GHz(Istanbul 6core) X 4
AEV:128GB DDR2
T AAIHEE  lwork 4.8TB(RAID6 Luster 7 7 A /L AT 1)
0OS:Rad Hat 5.4
Infiniband 4 X QDR

Hitachi SR11000
5L K1

Uitz 2 — 0 4E #i)
CPU:POWER5(2.1GHz) X 4

A€ :128GB

T4 AV [work0, /work1:730GB, 1073GB
0S:AIX
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HAETAE I FIRBIT D 22 EE W2 imo I b B0
$iE
Bl =i R R s A TP NE S NG A YRR R
FI A FHERE: Altix4700, Asterism.

FHEMIERE DM BIZ L o T, A, KREWZR2EEDT R /)7 (Computational Fluid Dynamics)
FEMTDMT O TN D, EOFRER, SHEEROT — 2 A XL IFFITKHBUZ> T D, K
B2 BERIA N FRH R OB L LT, R RGE R EDT I ab—a rRhiFohd.

KEFEZ2 M OBIR 2 BT DB, EEE 22O WMOEEN 5 TH 5 ifiEEk T
b5, o, WAOBRIZEN TS, TR 2 HERFE TH D,

KRR FHRER UL T 256, BUEAVWLNTWD L9 —Kki e i b FiET
I, AL T2 ORRA TV =7 NBHEINT 572 DICEREN L R VIBET, =2—W
— PN OBRBEFEL SO WIREE 2> TLE Y. F7, EFICRBER G RERIC
L&, FREBEREZZOEEFMIMET L2 ENHL R TETND.

IR AR RO AL 21T 72 O ey, —RANICITRFREZM5I< 2 & TF—
B A Ra /NS UCRILEAT O FIENMER SN Z LR H D, ZORKT —2 A4 X%
INEL T LTI, HFREY—DOMRBTHSIE 21T HE1, Mol EOFERRENL,
MAUCB W CEHERFFE A R o 7o TR E THRIBI DN TLE WS TR H 5
BUAETRIE IR BT DN O iEL FIEIC IV TIE, Vector <°Streamline, LIC (Line
Integral Convolution) E23 A< AVWHNTE 7. 2D alff{LTEIE, X7 MLVFER TR
MIZBT MO ICHM, FER TR O Z L5 N TE 5. F72, LIC 1T
WOPLERTENCERBLT 52 LN TED.

MALDFRE LT W], WOFLeE L VWS TN OFEMZ L DITIE I D DL, FEH
WHEDNTHSH. LrL, WEEEIRZ LD & LGS, b0 ETIIRBRZEFICHE
TR RIS 2 LT Y, IEMRIRERZERET 5 2 LIZRETH D, Liehio
T, (S DOMMOER O FIEZ AW TROER 2N T 2BERDH DL EERD.

— AN E RS D 72 DI IA IV BTV S TR, imEDOKE & &2FHi§ 5 Vorticity
Magnitude 23% 5. OIS ZFMT 2 DITIZRWFETH D, Lo, ZOFEEROHM
HUT W DAL, AHIET D121, —ELL L O EE DAl A Ff - 7= fE5 2 1 fEi &
THEVST L) RBEEZRETILERDHS. £, MOMHTIEDIL, Hizbn<on
DIFERD DN, WEHET D202, NBMICEIER & OS2 E LT b
WHEL® D, D725 X EMERNCHE 2 5 2120%, BEZR 8 N2 &2 ET 20
BNRWTENEE LW EE R 5. OO EFE & LTI, Chong et al.(1990)i & ¥ 42
Z 7= A-criterion <°Hunt et al.(1988) (2 L ¥ #£4 S 7= Q-criterion® 53 5 5.

L2 L, Jeongetal. (2% &, Q-criterion [ZFRWVAMERIS SIIZ K DI DSE, ORI
EREICR D ATEEMER S 2 Z E DR ST Y, A-criterion (2B L THiRAs, EMEICHITN



HERZRWG G H D 2 LRSI TV S, IFEEZ IR © & 2 FEE V2 B3
bH5.

F 70, BERINTE T 2 IEEMEER MR AU B WO CIRfEIR 7 EOB (LB L Lo L Lz
BE, 7oAy a rERIIEEOFIEBTRIAT L HERD D, T=A—vailkb
AL, REEEOZ L HRANCHR 2, EURANICA b2 BR T E 523, ERAY7 iR
BRI ET ) GEIIAHAE TH L. £z, BEOBHILETRIT 2 HIETH, HR
FINCIRTEI D EL ZHE X 5 2 LN TE DN ERM TR, 2L ORERYIT — % & 5 5:61%
% DI EAT b T L2 B 7220,

F 7o, KHBCHEHERIZIRIC BT 28I it E OFHERE R a2 D7 b 4 < "Lk
TED L) R UETIENREEN TS,

L7238 > T, AWFFETIE, FERINZE T DIMBE DO Z L Z B RINICEBLT 5 2 L AT
D A FIE AR B L.

WAV IS 2 HE R R C o 2 IMFEIR O HIZ 1, Jeong etal & K> TR & - 42 1k
ZFEIR O FEE UCRIR L., ZOFEEBER &25%E L < TH—EiiE
WO T 52 LN TED. IHIT, KERINZIBT 2 IRGEEOIR A8 2 b % i fEik D A4 AL,
TR O THIR, W OMkGE, JEMGEE L BT D Z & T, FRINCER T D il D2 b &
BREJIZERBL LT,

Cavity Flow & UfKarman @41 & %512, 18R kA @A L Al b L7 BRI oW TRt
AT o0z, Fl, KRAT — 2 OEGOMBE B S TG OREFELEM L%
B OHUERERIZ OV TRETZ1T2V, TORREBLE L. 61T, REFIEL KR
AL TFIETH HVector OLIC 1E7p L L BEE LR TRT D EICLY, BERSIIZIIT HiRHE
D2 LRI O N OFRAL DFEM 2 KBS 5 HE ATHBIC OW THRET 21T > 72

1.\ M, EE Bz ZE O, MM RE, R RE JEEMMMERNICE
F D mBEIR O R K OVRTHAE” B 28 BIEEIRIR S AR Y U AGREE EE pp.119,
2009.12

2. WEHE A, MR OEZR, KB %, MM BB, g ORI FEEMIERERILIC
B D MEMO L TFEORSE” % 6 MAEKRTREFETHCHET LI VRV Y
LR TE Rm SCSE pp.1-6, 2010.2
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Cray XTo OO0 O0O0O0O0O0O0ODODOOOOOOO Hybrid O
oogobogoogo

Oo00ooooD oooo
O00O000d Cray XT5

gbooboboobgooooboobobobooobooobooboobooobobo
gbodgbooboboobuoouooboobooboobooboobobooboboo
gboooobooboooboooboboooooobobooboboobooooboboooboo
goooboobobooboboobooboobobooboobobobobooboo
gbodgboobobboboobuoboogbobooboobobbobaoboooboo
obooooobbooobobooboboooobbooobobooooboboooboboon
goboobooboboobooboobboobooobuoobbooobooboon

goboobobooooboobobooobooboboooboo 1boboooboooboobob
uboobooboobogoobobboboobooboobooboboboobobooooboo
000000000000 openMP OOOOOOOOOOODOOODOOOODODOOO
O000000oooooooOoUoooO (MPhHOOOOOOOODDOOOODOOOODOOODOO
O HybridODOOOODOODOODOOOODOOOO0OOOOoOOoOooLD. oboboobo
Ooobooooobood HybridD OO MPIDOUOOODO Pure D000 0OO0OODOO
OO0O0DOO0OO0O0OHybridOOODOOOOOOODOOOODOOODOOODOOOODOOO

O0O000 Hybrid DOOOD0DOO0ODOO0ODOODO0ODOHYbridO OO MPIODOO
gbooobooboboooboobooooooobobooooboobooooboboon
boboobooboobobboobooboooooboobooooboobobooooboo
gooobooboooobooboobbobooboobobobobobooboobo
ooooooboobooooboooDobooD HybridOOODOOOOOOODO

gbobooooooboobobobooboboboobobobodoobg 2009
0000000 CrayXT5 OOODOOOODOOODO Cray XT5 0O0ODOD0OOOOOOO
OoO0O0O0OCPULD 200000000 26000000000000000000000O
00000 Cray XT50 OpenMPOOODOOOODOOOOOOOMPIODOOODOO
OO00000000D0Cray XT5 OODOO HybridOOODODOODOODOOOOODOO
boboooboobooobobobooboooo

Hybrid OODODOOOOOOOOOOOpenMP DO0OOO0OOOOODODODO
OO000OO000oO0ooo SpPMD OO OpenMP OOD0OOODOCODODOODODOOOOOOO
oobooobooooooooooooobotHybrid 00 OOOOOOOOOoOoOooO
MPIODDOOOOOOOOODO OpenMPOOOOOOODO MPIOOOOODODO Hybrid
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0000000000000 00O00DO00DOO0DOOoO0DOOoO SspPMDOOOOOOO
OpenMPOOODOOO MPIOODOOODOOOODO OpenMPOOOOOODOOOO
00000 HybridOOODOOODOOOOOOOOOODOOODOOOOOOODO
goo

OO0OO0OHybrid OO Pue U0 O00ODOO0ODOOO0OOOOOODOOODOODOO
ubooobooobobooooobooooobooooboooooobooobboooooon
20000000000DO Hybrid DOOO0DDOO0ODOOODOODDODOODODOO
Hybrid ODO0OOODOOOOODOOODOOOOODOO MPI+OpenMP SPMD OO0 OO
obobobobobobobobog pered00ooooooooooobooboOoDO
oboooboooooboobdbobobobbU0o EHybridODODODODOODLOOOOOD
ubogood

gooo

uboog,obbo bobbobbi12300000000000000000O0000
0 (HOKKE-17) 0 000 O No.2, Vol.2009-HPC-123, pp.1-5(2009.11.30-1) DO OO O

0000,0000 Cray XT500000000000000000 Hybrid0DOOO
0000 0600000000000000000000 (6th-JK)000000 pp.1-
6(2010.2.20)
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T vT7 L—2 2R LI WAEE
HmE A ER K| B
FIH U735 QS22

Tre A=A O ECEY, ZryZEELY bERO CPUE ) EA L HAIC LT, =D/ —F
I TE 5 CPUEBEZ TS, ZDi=h, MPI(Message Passing Interface) & OpenMP 732 & %%l
LA 7Yy RIEHINREFR 720, /7 — FREJ[ELE MPI, /— FRNIL OpenMP (L5750 & LTn5
TRTT IV TREN. Lin LR D, Green500[1] 72 KW\ TiE, GPGPU 72 & CPU & L8742 548
HAFIR Llc~T mn 2ERREAFIA LIV AT 2E2FA LIz AT AR x5 D, 20k, v
FarvHorars I rETN, J— REEEICIE MPL 7 — FRNEEIZIE OpenMP L3254 70 »
RUFITIIEDNC AT LEFATE 2. 207, ~TaRiERsfA LEHE S AT A0S, ©
NENDVAT KB LT v 7T I 7 &7 O BERHTLS L. GPGPU IZBWTITHH D = 3o
FEMEHLTGPGPU O AEVIZRILESEZ~ vy 7 L THERT 2. —FH, ~7 e/ CPUREAFIHL:
¥ A7 5 & LT Cell B.E. (Cell Broadband Engine) 7 —%7 7 F ¥ &% %. Cell BE. O34, libspe2 &
WH T A7 7Y & pthread AT B Z Lick vy, WBlER)7: CPU IZ5Ed. £2C, EalI~T g

CBTLTNTY ALERETDHLAHANE LTINS

AR AR B R (BUF, K5 fH#fEt o =07 % gs22 13 Cell BE. 7Y —% 7
7 F v BRI E A 2 5 S 872 PowerXCell 8i & " O#H#H L TNWD /— FR8H LB/ — b
MR SN TS, Cell BE. 7—%7 7 F v ppu & spu 2> bk S 4, spu il LS EFREN D AE U N
b5, ZOLSIE256KB DERTH 5.

1. 12 pthread DAER & FERITPHNoTZRF#Z R T, ZAUT KD, ALy FOAMD K 0.02 #5570
Mo TNDZ ENED. Fi2, K2, IZFTFIX 7 RV OFHAIRER] &8 RO R Z R~ TH07T—
ZEEHEIZ TS Z L2k, SPE Rlic—E~y B 7 LThLiEEZ LTS, Zhickb, 2048
X2048 DY A RZIRD LA —NAT v T LTNWD I ENfED. LnLeRDb, ALy ROARITHE 0.02
B, ATHIX R MLOFHRIZIE 0.0835 B L ITITE DD DR WA 1o TnD 2 E LY, K REWT
% SPEIZA T LIEARERINWEBZOND. 2B, 27— XL 8,51 FTEFLTVD.

AENIATHIX A7 SV OFFEIC X 2B m) ERA2FH L7z, BAEIZIE Power & Tl T % SIMD [

IEA LT 22w, OB Z T AUTITHI X~ 7 ML OFHIREIZ L D ELS R BN D.

(5% ik
1) http://www.green500.org/

0.02
——102x192

226220
0.1 ™ 256,256 ERT]

——512:512
“®=Thread Cre
.01 “Thread Crasts M
Thread Join 20 -

0.014

\

o
e
5

204832048 .!gm».s 0%

Wall Clock Time [sec]
o o
g8 8 =
Wall Clock Time [me
5 & 0B
\ ‘5
Speed

0 r —= 0 ;:M 0
1. Pthread DR EHEEIZHET D KRFH] 2. ATHIX 7 b OFHHIER &

T[] bR
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MFLZBDIRBROFHEET L
PP REL A 7 DL B T
R SGI Altix4700

PN AE O A NIPE & M A SRR O CIThoL B Flx DY I A MRERF O 72 912
RAIRTH D, D172 EDOWEDOREIB W TIL, IWEOHEOK BIZ L0 v m & EE
DFEEVEN K E 72522 5 2 ENERTH O TN D, Zu, MERED 5 L8E
REICHFET D@D TORE HEEE) NRAICEELTWAED, 25 DOMOEEHREE
HARERTHD EEZBND,

AT, BEEICERT 2. BHRERICHT 2B EIZ O T, b
M BEH B EFHRLEARATT L THLIMILET LV E AW LTz, BELLBEEE2E
DR E B 2, WEIREO R DWERN, WE A XLV REBBROSEOMILELGT D
EFBIC L VR TON TS, BEOBAICE T 2EEOREEICE > TRBE ML T,
HIALNICIRBTENE X DA 2B 2D, WEITERIRL & L, WEFRH & ML XA
P DEMP—FRICAM L TWD D ERET D, WEITNSRIEAA 4 &2 5o EMRE
WK TH Y, O TA A BETE LWEEEE LD,

RT Vv RV~ FRAAE AR MVERERESZ RO TREMNICHES ., 1 EO%
BRI JE Y OMALN OB E2 RO, BoNTEEBESMOHEAHTRLT—2FH L, &
BRI & ML B O OB EMR A EA =R VX — 231l L7z, 2Bk FI2kt 9
HART Ul LT, MAND =2 — M RO AN L, =E ORI & 7ML
77

fEMT OFE R, L IRENFESICHE L TV AEAICIE. BEROBRS 2EZTIRZETH
DIRETRNKEL 2D BEHRPEMT D2 EBDoTz, UL, EERE ORI
NIME S FER, FEWIEER A O PREPREL Ro b B ERETH DL Z LB ERT
5, RO ROBEX, MEENKEL, BEOA F UV RENMEVIZEREN &
Woriote, MRERRZ AWIUE, O RITEE OERMEOREIC S BRT 5 2 L 238D
ND, REENTFEERN S IWEOFEBRMEIX, 751 ENFEWIGE THEMOA B BIZ &
DEBEICHEIND Z LRI N,

IEIE S

[1] Sugihara-Seki, M., Akinaga, T., Itano, T. and Matsuzawa, T.: Electrostatic Analysis for Osmotic
Flow through Rectangular Channels. Theoretical and Applied Mechanics, Japan, 56, 365-372 (2008).
[2] B, AREPRBE, BIEM . MERE  REMROFHETT L. H 1 2 [EIREE RPN
BFFHIN S AR D T LGETHEE, p.171-172 (2008).
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Performance Evaluation of a Green Scheduling Algorithm

for Energy Savings in Cloud Computing
Truong Vinh Truong Duy (0820006)
Inoguchi Lab, School of Information Science
Machines in use: Altix-XE

With energy shortages and global climate change leading our concerns these
days, the power consumption of datacenters has become a key issue. Obviously, a
substantial reduction in energy consumption can be made by powering down servers
when they are not in use. In this work, we aim to design, implement and evaluate a
Green Scheduling Algorithm integrating a neural network predictor for optimizing
server power consumption in Cloud computing environments by shutting down
unused servers.

We have developed a neural predictor and performed experiments to prove its
accurate prediction ability with low overhead to fit in dynamic real time settings [1].
For example, the 20:10:1 network with a learning rate of 0.3 has reduced the mean
and standard deviation of the prediction errors by approximately 60% and 70%,
respectively. The network needs only a few seconds to be trained with more than
100,000 samples, and then makes tens of thousands of accurate predictions within a
second, without the need of being trained again.The use of this predictor is thought to
help the algorithm cleverly make appropriate turning off/on decisions, and to make
the approach more practical. As virtual machines are spawned on demand to meet the
user's needs in Clouds, the neural predictor is employed to predict future load demand
on servers based on historical demand.

Our scheduling algorithm works as follows. According to the prediction, the
algorithm first estimates the required dynamic workload on the servers. Then
unnecessary servers are turned off in order to minimize the number of running servers,
thus minimizing the energy use at the points of consumption to provide benefits to all
other levels. Also, several servers are added to help assure service-level agreement.
The bottom line is to protect the environment and to reduce the total cost of
ownership while ensuring quality of service.

To evaluate the algorithm, we performed simulations with four different
running modes and parameters. The simulations were conducted on SGI Altix XE
nodes having the configuration: Intel Quad-Core Xeon, 8GB RAM, Linux OS, and
JDK 1.6 during the period from July, 2009 to January, 2010. Evaluation results show
that in the optimal mode, the power consumption reduction rate can be significantly
achieved, up to 72.2% compared to the conventional mode, without affecting
performance [2]. The prediction mode can save energy even more, up to 79.5%,
although the drop rate is quite high. Lastly, the mode running prediction plus 20%
additional servers offers the best combination: a drop rate of 0.03% and a power
reduction rate of 46.3%. More experiments are being carried out on Altix XE for the
purpose of improving our work.

[1] T.V.T. Duy, Y. Sato, and Y. Inoguchi, "Improving Accuracy of Host Load
Predictions on Computational Grids by Artificial Neural Networks", In Proceedings
of the 23rd IEEE International Parallel and Distributed Processing Symposium (The
11th Workshop on Advances in Parallel and Distributed Computational Models), pp.
1-8, 2009.

[2] T.V.T. Duy, Y. Sato, and Y. Inoguchi, "Performance Evaluation of a Green
Scheduling Algorithm for Energy Savings in Cloud Computing™, In Proceedings of
the 24th IEEE International Parallel and Distributed Processing Symposium (The 6th
Workshop on High-Performance, Power-Aware Computing), pp. 1-8, 2010.
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Dynamic Communication Performance Evaluation of Hierarchical
Interconnection Network.

School of Information Science, Inoguchi Lab., JAIST
Used Machine: Altix 4700
M.M. Hafizur Rahman

Abstract:

The dynamic communication performance of a massively parallel computer is
characterized by message latency and network throughput. Message latency is the time
required for a packet to traverse the network from source to destination. Network
throughput is the maximum amount of information delivered per unit of time through
the network. Evaluation of dynamic communication performance of an interconnection
network consisting of thousands of nodes using a PC is possible; however, it takes long
time to evaluate it. High speed computation environment of JAIST significantly reduced
the simulation time in our experiment. We used our simulator written in C code and run
it on Altix 4700 using gcc compiler. Some of the recent results are published in the
following journals.

Publications:

@O M.M. Hafizur Rahman, Yasushi Inoguchi, Yukinori Sato, Susumu Horiguchi,
“TTN: A High Performance Hierarchical Interconnection Network for
Massively Parallel Computers” IEICE Transactions on Information and
Systems, Japan, vol.E92-D, No.5, pp.1062 —1078, May 2009.

@ M.M. Hafizur Rahman, Xiaohong Jiang, Md. Shahin-Al Masud, Susumu
Horiguchi, “Network Performance of Pruned Hierarchical Torus Network,”
Proc. of the 6™ IFIP conf. NPC, pp 9-15. Gold Coast, Australia, 2009.

(® M.M. Hafizur Rahman, Yasushi Inoguchi, Y. Sato, S. Horiguchi, and Yasuyuki
Miura, “Dynamic Communication Performance of the TESH Network under
Nonuniform Traffic Patterns,” Journal of Networks, Academy Publisher, vol. 4,
No. 10, pp.941 —951, Dec. 2009.
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The report on use of JAIST’s computational facilities

School of information science
Nguyen Thanh Cuong (Collaboration with Dr. Ryo Maezono)
Used Machine: SX8, Cray-XT5

1. Quantum Monte Carlo Calculations of bulk modulus of Si nanocrystal

Recently, the mechanical enhancement of semiconductor nanocrystals is reported
experimentally in several nanocrystal than those of their bulk crystals. However, the
microscopic origin of the enhanced properties has not been well established. Since their
structures are difficult to be controlled and identified experimentally, first-principles
electronic structure calculations are expected to be a useful tool to understand/predict what
occurs in experiments. Hence we studied it by using ab-initio density functional theory (DFT)
and guantum Monte Carlo (QMC) calculations, applying them to Sig;H;s nanocrystal. We
evaluated the bulk modulus this nanocrystal by using LDA-DFT, GGA-DFT, VMC
(variational QMC) and DMC (diffusion QMC)] method. It found that the DMC method give
the most reliable results, and well agreement with LDA-DFT in this system.

For this work, we use density functional theory calculations with Gaussian 03
software on SX8 machine with 4 cpus/job in 4 days with large memory. The quantum Monte
Carlo calculations are carried out on Cray XT5 with 16 nodes/job.

Publications
R. Cherian, C. Gerard, P. Mahadevan, N. T. Cuong, and R. Maezono, Phys. Rev. B, submitted.

2. Quantum Monte Carlo calculation of CO adsorption on Cu (111) surface

For decades, the density functional theory (DFT) has been the main theoretical tool
used to analyze, understand, and predict material properties and chemical processes. However,
it fails in some cases, in particular, in weakly bound systems where van der Waals forces play
a major rule. One of the well-known examples is the CO adsorption on transition metal
surfaces. DFT method systematically predicts that CO prefers the hollow site on Cu, Rh, Pt
(111) surfaces while the experiments show the adsorption into the top. Therefore, many
researches have tried to understand and propose the new approaches to solve this problem.
Here, we use many-body quantum Monte Carlo method, an extremely accurate method, to
study the CO puzzle on Pt (111) surface.

We use density functional theory calculations with Quantum-Espresso code, and
Quantum Monte Carlo with CASINO code. The calculations are carried out on Cray XT5
machine with 16 nodes/job.
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2009 FEDHBHEY —N—HRARRKEE

T —% Ziegler-Natta A L 7 14 VERICETHEERDOILFLEY T4
(RTIVTF7ILTA T ORAMER BiF) Bt L85
{HERETEH : Altix4700
BE

tY—2 Ziegler-Natta(ZN) i x ANV =T OEL DA VIIKBIRESIZEWLNT, LR
IBEALEW (K —) ORMIEAMED T ARBFEEZZE LA LT ST TEL FE-KERE
ZEH-HEEHD PP ORFERTEVNIHLPD LAMEFHICKELEEERIZT. TD
=6 BITAEDHRER B E BIELI-FBRN F— OB BAICITEON TERN, FH—
DR RECEE T AMIBOERORIMAKELHBELLEOTIND,

Fr—IC&k BN AEEM DR EEEX. FF—CEDHEEEREEZ S L TR
ERMNODEERERTHD . AFE. BRAIEERBRICEITO SN BEEABEYMHEICEK
Y SEM T FEREEICHREL N F—D TiFELi K- EFHICHEEERT 5 & THUE S
[CEEMNICEEZSZ5HET Rz, EAEMICE. MgCl, (110);EFH4RE LD Ti EXiEL
HEGELL-REEFBRIFIL(EB) &, KEEOERAZILAMICHIET HIET Ti BiRFEICS
VI AR EFET AT TH L BFHREDRICKYTOEL U IEADMEZREZEM
L. D TOELUADEEBERIGZINGITEI LD DA o>fz, RARTIE. CD“H
WEETIVICEDE T 8L EB MoRSEERBEDILFE)TANTOELVES
I CEM., ARERY., CERERE. EEHBEHN IC5EA S E2 T ENBAMGEICL
YEASMIZT B EEFHMELT=,

SHEAE

FEENBEHETEICIE DMol3 Ry, IS
Altix4700 TEITL -, AE#%ELTGGAPBE .
EKBHICIE DNP RUESBRTUOvILEH
W= B SEES Fig. 1 ISRESNDEIHITR
4 — ( TiCLIiBu-EB-5MgCl, % % L\ (&
TiCl,iBu-EB-10MgCl,) T&REL.EB ¥ TiCl, D B
HENDEENEEICI>TEHRMEDELDIER
DETINERELz, CCTIXEBDERHAMEDEL
BUTD 3 DDETILIZDOWNTRARS (Fig. 2),
:E7_-‘\)I/A: TiClz)S'lU EBDH Hﬂfﬁi%@(:ﬁio Fig. 1. Coadsorption of ethylbenzoate with Ti

. . . active species. Ti: black, C: gray, Mg: light
ETILB: TiCl, RU EB O EZF&#EL,
ETILC: TiCl, KU EB @ C=0 EDH%ETE,

gray, Cl,H: white, O: dark gray.
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model A (fixed EB) model B (free EB) model A (partially fixed EB)

rotate

Fig. 2. Employed models. The arrows indicate the direction of the structural relaxation of EB.

R

Tab. 1 ICETIVICHEITHTEEL U Tab. 1. Activation barriers and selectivities for
ADEMNTDEEEEE (4E,) . LIKZREIR  propylene polymerization with models A-C.
(A4 iere0) « PIERIRME (A4E, o) « 1R

o model A model B model C
[} M EE£H )3
)\&\7" E l//\o)a_i%frﬁﬂ&n?o)ﬁ7 1E, 17 3 116
ILF—E (A4Ey) FLHELT-, EBZRES AAEgereo 35 0.3 4.8
[CEE L1=3mE& (ETILA). 3. 5keal/mol AAE i, | 0.6 0.8 -0.9
LOE WA VIIAZBRENET S NT=H, AAEcr 10.7 4.5 15.1

SETEREEE(L 21. T keal /mol & SEER{E (6-12 _ _
N i . *Energies are shown in kcal/mol.
kcal/mol) &HEELTELLEM ST, E AAE AE d AAE "
o ap» stereos regios @l are e
ShIE, BB & HEBOIARES re, si pr ey T o
N apparent activation energy of the most stable
HEFEAfICEHETHD C LISERT S, N - : -
i 1,2 insertion, stereoselectivity, regioselectivity,
—A. FAELUEARIZEB OEEER -
. . . and energetic difference between the 1,2
ZICRBEIE LGS (ETILB), FHE
BE[£ 6.3kcal/mol TTTASA. BAAK -
EARICENSZETHRREELDIKRRENTELITHELL (Fig. 2). IHEREIZIEH
[CE2TLED, ChoDFERIF. BVILEERE SEVVESEEEZ®IT HIH->T,
EBAEELGEHEZFE DEEMZTIEBLTWVWS, ERICEBOC-OENDEHEZEELZE
TILCTIE, ERELEAREQTEEEZFLLNG . IHERMEE 4.8 keal /mol EET
IWADEELYELEL., BBREIYBMHRGIKEE LG D, MEERMEEILARRME S (FE
DiEmMZERL. B [CXAUAREZIMERREZHLITNETEIED, ChIFGERRE
DEBFENEREICHT IIUAKEETLFIRGIZLEZEKRL TS,
INFRIED TIi FEE RF—DITLFLEYTa4A, TAEL VBADEMEREER & 3T RZERM
DRAIZEVWTXENERICGESZ EEFMOTRLI,

insertion and chain transfer to propylene,
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HEHE Y — N\ —fE R HEE 2009 FE

~T7 U TN A = AR
“FEEE B 0830009
KEWIEE  AHE3EE]

i B R © XT5

[ FHN Y]

Bl 7 —~< O L L CWHIFHER Cray XT5 Z HHWTHIMEY I 2 Lb—a vV afTo7z, 2
DI TIEL, FERT v b LT REREZ AW EIRLBEEE CED Y I 2 L —
v a v &ITA 5 openmx &9 Y7 & Cray XT5 ETHWT, LT-GaAs (MBE L2 L%
RIRR GaAs) OMHEY I 2L —rva v afTole, /o, ESN TS LT-GaAs DFE
BAE R MY I 2L —ra VORREE R LT, EREROZYMEELE LT, 2T
t LT-GaAs FOA A AL LT > FH A b As DR ORET— A2 FOFBLZ BEEICEHE
T o7,

[t FH RSO

A HZH 5K Cray XT5 T LT-GaAs [ZOWT 64 Ji 7D A —/3—t )L Z FWTHE L
BIECHEEIT o7z, fER. BBEICT VT4 b As NEA S LT-GaAs O EBfE R
LR —ETAERENELN, £, A—S—BLNIC Ga 22l A LA TR
AU ELNT, £70. T T A b As BELO Ga ZZHL1E A I 72 GaAs ORHERI 72
B HEEOERICIX, TR O RKRMOBED As 1O p B NEE/LEFZREZLTWDH D
Do T,

LorL, EBROBAMTH D LT-GaAs TOA A AL LT FH A b As DWERE—A
N OFEIIHER D> T=D T, FEETI EDICFFEET VO T RBLELEZE X HNLD,
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Lif4A Y 2 REHHAS RAB—EREREICETA3ESRILERIGOE—RESFEIAE D
SEalb—d3ay

AEBEEKASH LERAER X &l

ERETER . XT5

SHERE  1~128 ot v, FHERBIIHERKTI0 BEE

[ ZE] A%hfitiA (Effective Screening Medium, ESM) JE[1]Z 38 A L 7= KEUR A — JF
FHE 71 77 L OpenMX (OpenMX+ESM) % HWTC, Li A A 2 IkEEHLAH Si R AatR— 71
Ly —Ax—h (PC) RmIBF 5, FERMN T TOERLFEIEOY I 2 —v =
Y ATV, SElERIZBEE U155 B AU AR BUS 2 Rl L7z,

T B] AFET— LTI, LiAAr 2kEBMHOEREARMEE LT SiAMEE %
— 7y MIIEZTW5D, Si-RAMMEHI K BRICESLERRN D Li ZE0 AT, ZD
PR T a e AT OWTIE, BB S H RWDICEIBRAE T b, £, Si KA
MR HIC ARk & D SENE, Si R A B O m YA 7 VAL D72 D BEEREHRTH Y,
FOERE DAL OFFE, BIIZZ N O DN EE LRI OENZ L > TED LD
BT 200, EWVo i EIZ OV TR IR B STV D2, 2D X 5 7% Si %
Al & EIRE & ORMEIZE T 5 ESICFELINNZ DN T DL L)L TOHFE 155 72
DIz, HERRICL DT e —F 21770 o7, AllFkx 1, Si REMmHRE— BN R
WCOWTOHE RS TFE FY I a2 —33a vk, BRICAKZEF— Lo TER L
OpenMX+ESM[3|IZ F3 W THEIT L7,

[FtHEETIL) EMEEET VI H &S SIA1L) 25 7L L, &
R R R I E 2 A5 LiT1a &t PCoyFiEE L, &
NHIZND Si KA —ERERmET VaE L. (Figure 1),
1=y ]"E/I/EPGC}SI/\T, AT TETIL Sigeng, PC ﬁj\%tt
20 & L, Li' 280 T4a% 389 i TRk shTW\ns, 65—
JFERIZ Sy 7E )% (MD) AR OWIINEX, 4 BALO
Li* ¥ FnfEss  (Figure 2) % & T FEMARE pEIR O %1 % 7 il MD &t
FCREMT 25 Z & TER L7-, OpenMX+ESM (2 X% MD #HH T
%, AT 7 ET VO Fii H-Si DS % [E € LT,

(BHE AL - &M )5 BB O 23 HAH BATLES 0% LDA ()
AP Eel) &L, Iy A7 FX—[T120 Ry, k 7
U2 73rs e Lz, O(N) #5ix Krylov subspace 151232 T
FAT L=, MD 7> 7 UIENVT ©, MDIEE X 800 K, TR
il 411 velocity scaling #:% 50 MD-step #Zii M L, MD-step &  Figure 1. Si £ fii— fit
X 1fs & Lz, BRALFEHSGME L LTL, ETAVREKROYME BERAERETLO2=y
41 (Li A4 B3R »HBBL, ZAnbRICARETFLE M (HSi111)-PC
BEEIC F—7 5 2 & T, FEEAM TSRO DA S, B+ LT ).

T AEBINS T2 5 MD #HHE2ET L,

(FEERSLUER] KFEE -2 2 @M%, LT ICEA L
TW/= PC 43F7 Si #ifi & KOsz Biss L7, Figure 3 IZih> T
—HEDOGEWRT D E, (@) — (¢) TEANVR=E Cltks
i H BlEkE, () — (d) TIiXSi-0 fEAERN Rz -2,

TR =K CICRERI H ML= 2 810k, AL
= PCHEKIZZ DD OFF LA LTS sp* RCEHT DN,
ZOFRIRLETHY, A TIEY I 2L — g TR Figure 2 Li" & PC o7
SNTVARVD) ZO%IC PC HEAD 5 BRMMSIL T pc 4 RARERRRE.
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Oy L EARIG AR Z A REME,
7PHH SEl AERSISD R Y T —I27%
HAREMEDRH D EFB X HINLD,

*7-, B L72 Si-0 #E5E D Si I,
i H 2518z Si ISkt
FEELTWD SIiTHY, i H O
Sl X % Si ZmmoiEH LD —>
DI TH DL EEZBND, £T2C2
® Si-0 fEAE, ERE D 1.6~1.7A
DA R ZEIRFFL T2 &
B, el Si Y R SEI DAL
KIGOREEE L I 2 b—3v a3 T
R ENT, ZHIEAEF— L0
XPS BLAIRE F[2] & OxbisT 5,
b 2 DORISIE, BEFHFED
FFEOHAETIIISITEZ a0 :
7z, F7= LiT 2L LTz PC 4y (c) 0.42 (d) 0.80
IHPICER - LTV =MD, Figured, 2R DARIETFHINI LS~ RIED % >
BRI FICBT SR LT ORI 5o\ ammenis @ 2588 LEbo. ke
WIEIDR S 2 b=ora RO g g (B@2m) 26N LT AR =ik, A

M, SED S (RESED) &A% R LT PC Rkt o
*%.
[8EXEE]

[1] M. Otani and O. Sugino, PRB 73, 115407 (2006), O. Sugino et al., Surf. Sci. 601, 5237 (2007),
M. Otani et al., J. Phys. Soc. Jpn. 77, 024802 (2008).

[2] % 50 EIFEMGFwE (2009 4 5#8), VI)IFEMEDs, TEMEIMAIC LS a2 %A
RROY A 7 VR .

[3] %5 49 [ME M FwE (2008 42 KBx), KEGANZED, [ —REEFRICES LiA 42
WEMAEBMEIOY I 2 L— a3 ).

[RRER]
[a] % 50 MIFEMAFmE (2009 42 LK), K A, K& %, RiERD, MERREK, REF
B, YIS, [ — By FE Rt RIS L 2B - BREREOY I ab—ra ).
[b] OpenMX/QMAS Workshop 2010 (¥ 1<), T. Ohwaki, M. Otani, T. Ozaki, T. Ikeshoji, M. Hatano,
H. Horie, "First-Principles Molecular Dynamics Simulations for Electrode-Electrolyte Interfaces
in Li-lon Secondary Battery Systems”.
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LSRRI — S« AR R LA —

SevRmEh A R ZERE R IR ZREh
fEREHE Y — 3 xth
HEHE: 1~128 Yot oW —, FEEERIIREKTT BRE

WEFEDOMEEL ; [A— & —N KB EEPLBIEE = — R :OpenMX OBAFE &G ]
BERENBABEE R TSR, R, R 15 O IREH O W E R H AT RE 2R LMD
BWFETH D, ZOFHERRITROY A X GEEREE S L I35 O =FlZ Hp
LTEY, T/ A=F =Y A XDREZWMO D T LITERLE NETH D, Fr TR
PR~ D F FEINLBE B R O H BRI 2 YRR 3 2 7o DI FH R &3 R 75U BUZ B L 72
F—F=NIELFHIN D8 LWEREFIEZRFHFE L TV D, B 728 LW R FIEI
77T LNy r— :0penMX (http://www. openmx—square. org/) (ZHHLA A, GNU-GPL
DHKID T TEMEAB L TV D, KEEDHIZENE 2 LU FICERT 5,

() BEREEHEDOEDOIETE SV — BEEIEORF

AT 77U — o BAEL (NEGF) ¥ & 45 FEPLBA SR AR O ML A A O TR OBLE N B
> A= VWEDHRANA T A F CTOBRUER M EHRETHZ00—>20
BN HETHD, (1) [F—OHEGROPHA CTEMR & BELFEIR AR %5 2 &
MA[EE, (i1) ARAA 7 RAEE T CHELFIR A B CERE ISR °X 5, (ii1)
T4 ) UBELRE M —u VHEEERAR EOZERENE =R X— & i#
L CIRER—OMHAA TRV IAENSG D, (iv) FEEREE O RIEMEICIESWZE
2AbDTD . KEBULR~O1E 23 A BT AT HE,

ARl Fox 1L Z O NEGF {ED KB A ~OM A2 JET 5 7=0lc, 7 —v
BARL D il 72 A5y J7 1522 BA%E L (1], OpenMX[2]~0 NEGF {E D= 70 EIL 21T
o7, NEGF {ETIX7 Y — VBB ORESIT L » TEEITHIZ R T 550 M5 A
LR D, ZOMD kRN DRERIAT O 2DIlT, 7 =V I AR O
HOBIER L, ZOR— NV TOEEELELEDEDLH LW HEZBR LZ[1],
TWRIG FET & A RS EE A O CEM-EELFUIR B OR R &4 T— F U —R
TUUXINVERSICHET 5 EERR LFEE L (3],

Q) F9720F ) VR ARCBITIDBAE T 4 NVE—ROE—FHEHE
FIRAAL T ABETICBT V7T 7T 7 x0F 7 VAR (Z6NR) OEXUS
k2 IRVl 7 ) — B - R P ULBI SR R S 5O B REE R R A
FIWTRE LTz (4], ZORER, 3 7 TN OFR T EA B OB 5130 T ZOWR
WHEFIR AL T 4 LB —N B> TWA D L2 R LT, FRENOHR
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NAT AT T SCF §HRZITV, TR OEREFH L. 528 RIS 0
L7-Bit—BEREZ I L2, TORER, ZOZINRIZEBWTT v 7 AV E
TEHANSA T AT TORGRT 2D L, XU AEEIIIEAAT AT
IZBWTORFZH L, ENENECF MO A E U BERAEZ R LTc, 2 O
FrtEDToD , NAT ZAEEDHAZ L >TT7 4V E—SNDEF DAL TN
WIEE L, ZGNR 13 D HED ALY 7 4 Z—L LTIRED 2 L3 o Tz,
DT ANE =BT T Ty DO A UL TEE T, o EEh T h
2R U TR A B R o 2B OARFH L, o2 v U EE I LT
B\, AT ZORRR T 4 V2 — I ROMEEZH LNICT A0, 7=
W ZRAF—THEO g KON N Ricxt LT, V=7 B%a 5 —FEMICE
BLBI, ZHEHWTEA A T4 o 7 (IB)RTFA—=F—Z R LT, £
OfER, 7 RFAORFHEBEEDOEEITB N T & o REEOER 3] &
RBHTEN, TOARE T 4N —RICBWTEER&ZEZRZL TS D
ERRABMNE TR oT,

P i L H

[1] “Continued fraction representation of the Fermi-Dirac function for
large-scale electronic structure calculations” , T. Ozaki, Phys. Rev.
B 75, 035123 (2007).

[2] http://www. openmx—square. org/

[3] “Efficient implementation of the nonequilibrium Green function method
for electronic transport calculations” , T. 0Ozaki, K. Nishio, and
H. Kino, Phys. Rev. B 81, 035116 (19 pages) (2010).

[4] “Dual spin filter effect in a zigzag graphene nanoribbon” , T. 0zaki,
K. Nishio, H. Weng, and H. Kino, Phys. Rev. B 81, 075422 (5 pages)
(2010) .

[5] “Revisiting magnetic coupling in transition—-metal-benzene complexes
with maximally localized Wannier functions” , H. Weng, T. Ozaki, and
K. Terakura, PRB 79, 235118 (2009).
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EWHRO T N T AT 7 IZEET D EERIOMENT  — BESR Al A O R —
{EFET &M - SX-8,9

FIOTIVTAT I Jud—kv 22— B#EH BESE

HEY « AT, RERDUKEESR (CA) 2T LO NI T U dn R7V Ry b ru—h ¢ xR —B%EH

O OB BUCKAREWZARMN R T a h v b T 27 7 (PT)ERIZ OV T, BEEEFEBUCLR 5 K FEHE
EAHEAERRRAZ M 5 2 & T OEARFE 2 IRRT o282 b b, BRI, i8n & A CA Al SOS
D&JEA A & His FEE IS & D — ki - AL OB B, T DRIEHA X &> — )L D B AL AL,
Wi~ t B VAlEr, Mo OVKSEE G RE D NMR 5 ) 2 SO T8 B AT & AH B & o SR B R L2 DU T, TR - i Al A
EERICHES S B EFRRE 21T O 2 &I L ER-FEGRME OB S M2 BGE L, 1551 5 b iE

BENDIEWD SRz e 2ICRER T 52 L2 AN E T 5.

BEEE : CA X R biRFE LK E 0 & EIRERA A AT 5
NEHBERTHD. AITHEFE DM RE LA —LATH Y,
His64 ORLHZA L% 238 & L7aw PT #f% % 5 T (Shimahara et
al. 2007, JBC, 13,9646) . W56 3 4, TN ETERE SN
b I x5 Hised BRI ZE b OB 5" D RFEIC OV TR %
TOT BB L WDERGEET DAL, FEAE 8 A RICROMERE
Th D Silverman ([Z K-> THEZFDOFENBYITHD Z &N
P B ALTE. EXVIE D RS LT D Bl B I B8\ T

“Finally, it is appropriate to point out results supporting

........

the conclusion that a change in orientation of His64 does not contribute to the energy barrier
of intramolecular proton transfer in catalysis by carbonic anhydrase.
devised a mechanistic scheme in which the two neutral tautomers of the imidazole of His64

Shimahara et al.

have

participate in a manner that does not require reorientation of the side chain.” & #EI I 7-

T EMHEMM IS Mikulski & Silverman, BRA, 2009, Augll, Epub ahead of print). = dD XL 9 7R

DO, WEE TS FRE, B LFHFIEE IV THis64 AR & Rdn & bz

FHET LN 2 RET

L2 EIZEoT, PTIRRRIZED L KERER Yy MU —27 OFEBERIET D720 DFHREER AT o 7.

HARBIIZIL, K A E T AR AL (His64- (H,0) ~Zn* &, Zh e

Fo) WA U 727k 38 DAL [E %, DFT

15, CPOM J5 X% SMD {4 H W THESE (L 21TV, ZOFF LA HNWT T ho v T 27 7, Hisb4 il
MZCICET A =N X —F A T 7T AOEREIT 12, BUE, £ 2 CPREINIZAKEREITONTE
FEBMREZ O NRENT 21TV 220 5. 2 2 CTHEA LT VRIT, BEHEFREEE L TRERR
IR T D720, ™A Ay 7 INOEERER TR~ L UM L ENTs. RSO Gaussian03 FE%E SX-8
<V ERHWD Z LK o EBEIICAA LV BRIC S D T ORI LA E T 5 2 &
DARETH o 72, R, & HITEMAE: CGaussian09 FEIESX-9~ L U NEAEINDLZ LICE-T, LY
RERKFBREARY NUV—27 OBGEZTRDLZENAREE D Z LM I NS,

BEUADN:

Proton—Transfer Mechanism in Catalysis by Carbonic Anhydrase———Tautomerism of Histidine 64—,
Hideto Shimahara (7 Ad 1% H), 8th International Conference on the Carbonic Anhydrase, Florence,

Italy, 2009.09. 16-19

RO 7 0 b M T URAT 7D DRI e ATV RO BZERNE, BT (8 AT 13ER),

%9 M HAEAERFARFER, BBAR, 2009.05.20-22
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(55— LGRS LD 2 e A AT
)N L2 S R PR — BB B - e
VBT 1.2
fii LR - SX-8
< B>
AHAFFETIL, RE OB ORI FICE 25— R RICEVRDHFIELBRFEL . RKifE
RRBZ SO LT PR B DRI A BRD L3I | SEBRRE SR O AT I7 2 ENL 3528128 SHG X STM
BN HIERE OISR B EE 522 BT,
<FHEFEICOVWT>
BB EE V-5 — R BLEH 5 T D FLAPW (full-potential linearized-augmented-plane-wave)iZ (2
Lo TROBEIRIELRD | EHITHICLDE T DOEBMHEFELBENEICIVRD DL ST, 1ROHRE
TR 2R L 2R DIFMICIEZ BRI FISEDORESER T E)Z 3R T 5,
< BERAER >
ALK 2O EFEHRHIZE-TNI(L10)FE RO STM FEIEHIEN Thi, BB S ICLD =¥
—2eV IR BRI N3 D Z LN EBR RSN (FIRIOFE BRI O SHRUTKHER) . O
PR N PN DEEJR 2B D 7280 . Ni(110)1EHR i & Ni(110)-(2x1)0 RE DN FISEDF R EIT 7,
Ni(110)-(2x1)O i & OEEFR X, TN 13 KO 11 - JBDOAZT TET /M LL, LDA Il
& spin ZB JE L7z FLAPW R Z T o7z, TIRIOERIZL, FHRICE S TRO LR TR AE K i LIEER
OB BRDIEAST NV THD, 2L, EBRDOL PRS- BRFE W IZMED 20V ORINE —7 23, 5
—JFEE I Lo Th R ST, o_
HHEFIREOWKREBIEICBEL TR ED IR VA~ (MT ol :i)gp:gir;c
B NOL DD B AL THERELFH R THILICED, RT [
TNDJRA- A MED I IS EEROT-, ZHERITLT-EZ
A Ni(110)-(2x1)0 AT 7 WD e 3% i DR 3 R & AU B
PeL7o Ni R FIZRTEL 7B HIRIBIZEE T2 &R )Y 2eV
DIFRIL ORI THDLZEN o7, ZOREFIX, STM %
HRE DR BT OIFICE D TR ThHIeE [,

8 i
6

Im[e]

N B

o

n " n 1 n 1 " 1 " 1 " L
LTS, 14 16 18 20 22 24 26 28 30
Energy (eV)

YeARMEZEIL JAIST =T U7 LY A = AR O KB Eidz & O L FMFFEICEES VT JAIST D
NEC-SX8 & Hv T3t L7z,

KERHER
(1)W. lida, S. Katano, H. Sano, K. Sakamoto, and Y. Uehara, “Determination of local dielectric function by
scanning tunneling microscope light emission with nanometer scale spatial resolution”,
The Second French Research Organizations-Tohoku University Joint Workshop on Frontier Materials
(FRONTIER-2009), Sendai Japan, November 20-December 3, 20009.
()= Brf.2 . W. Wolf, R. Podloucky, /K& FLRB, Fr#aa, EJRVE—, “Ni(110)-OZ i O R IS E D5 —
JREREHE”, B AW 201043 A 21H (Jf1LK). 21pPSA-7
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BFEAT I 2 L—3 g T K DERRZ X7 O KRR ST

Mot BERFHFE (BIRKFET), B (BRKFEET), = GUEiRS)
fEHFHE Y — 3« XT5

[F]  AERNICEBT 22 X7 EOMBERMIIIY VX7 EO AR RV —Zi’ kb EER
MEETHDL. KRR TIE, 2R FREEET VIZ X2 5FEOEKIRY > /37 E (BPTI, RNase A,
Lysozyme, f -lactoglobulin A, «-chymotrypsinogen) DR H H = RV ¥ —% 43 1 #) /157 (MD) >
2l —va L VEHEAEL, &2 0¥ RV EOERFICIT 5 KT 253 5.

[5iE]l & o7 B ORFEREFARIZ I XL FBFFEE O MM E R Lo = r v F—RREL
-,

[FE L E8] KICEHBEINESEEOZ V37 BORERH BT 2L X —4R7T. Hikz o
RTEIT% < DBUKMEFRIEN 2 X 7 BRI OV B HEALICAAFE L TWDHEN D, —RAYICERH
FIEFN R FE(SASA) DN » THEEFB R = XL F—bINT 5 2 &N EZX LN TE Y, KA
FERTHRBEORMEI RSN, ZNEDX VR IBEDRNTIE2HFHICKEZ SASA 2628
-lactoglobulin A 285 IRV A p Z/R L2, B2 5 SASA OfFHT OFER, Z4U1E B -lactoglobulin A 3
oD % L X7 IS TrEMEIE A2 SASA ICA L TV A HICERN L TWD Z EARENT-.

BPTI RNase Lysozyme B-lactoglobulin a-chymotrypsinogen
SASA [A?] 4304.3 7674.6 6852.0 8280.4 11006.3
Aufkcal/mol] -790 -1069 -687 -2288 -1491

#£1. KX EORBEFENEE, WEMBBE-ZRLVX—Apu [kcal/mol]

[RAE (FRFER)]
1 75RE KRB, AR £, A 5, Kb &, Ak s, W)ITE, RE FFE, “OTEE
(X DERRZ X7 B OKRFIFFER” |, % 3 [ R RRERS, A HE, 9 A 2009 4
2. Hiroaki Saito, Keisuke Matsumoto, Riki Nakamura, Taku Mizukami, Kiyoshi Nishikawa, Hidemi Nagao
“Solvation free energy of globular protein: an estimation by means of energy representation method”, 47
Bl HAEYWEFERFES, 85, 107 2009 4
3. Hiroaki Saito, Taku Mizukami, Nobuyuki Matubayasi, Kiyoshi Nishikawa, Hidemi Nagao
“Solvation Free Energy of Globular Proteins: A Molecular Dynamics Study”
International Symposium on Computational Science (ISCS 2009), Bali-Indonesia, October 27th-28th, 2009
4. TRBERBH, FAARZSr, A, K EE, fkfhsz, WG, REFHE, “@RFRHyIar—v
g N K DERR S N HORTFERA” , F 23 B ab—va VRfme, AR 11 A
2009 4
5. Hiroaki Saito, Taku Mizukami, Nobuyuki Matubayasi, Hidemi Nagao
“Solvation free energy of globular protein: a molecular dynamics study”
International Symposium on Molecular Theory for Real Systems, January 7th-9th, 2010
[FRazk Grso)
1. H.Saito, N. Matubayasi, K. Nishikawa, H. Nagao, in preparation.
2. T.V.B Phung, T.Hashimoto, K.Nishikawa, H.Nagao, Int. J. Quant. Chem. 109 (2009)3457. (&t

)
3. T.V.B Phung, T.Hashimoto, K.Nishikawa, H.Nagao, Int. J. Quant. Chem. 109 (2009)3602. (¢
D)
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HERAEREICHIT HERAXBIRILFT—DFE

Sinm e EEMERE 2HMZ
i A xt-5
R 1-128 core, 1day~1week

MEDOME

B PEPLBE BRI S B — REEE <L, B H oM BEEH 250 3 2 = 3L X —LBEE R
TR OREE & L TPl d Z &%\, L L, TFEClEstEgEREomR iz kv,
R IV X —ZHET D 2 E b REHIIT2D L 9otz LBl S - LISk &
R 7225 2L X — DR (hybridizaion) & HW25 Tong 7V » RILBIEIE) 1%, #kx 72
PPEMOF BB REZEET D Z ENHEIN TS, AHFFETIE, Fox D7 L—7TH%E LTV
B RERE LB BERE 7 1 75 4 OpenMX I2BWT, FERFTARGHT 2L X — %23 5H
BN —F % LI

ERMERBIRILF—ZHET HIL—F > (LIBERI)

R T I B B R T B I DRy & R T B —F L R RIS SER ST, AR, Th
% OpenMX (CHLZA A CH CEEREFH AT ) 2 L2 BEIC T 0/ 730 V& T o7, BEASY
TR TS KRR E R AT RT 5720, A%D Cray XT5 b CIUFIFE 21T - 7-. AR5
DRk RAE, “foEEES 1,208 L0~ koENERBICRE L. BIE, REELEEDm
LOBPERERF T THD.

HIER D KL

IRENRAEL D ERA £ VA B REYITAT O BUEFEZ BT ICBFE L. 2T EREOFHEIZE W
TREERDIEWRTHY, ZOFHFIEEAND Z LICX o GHEZRE O EX G L. R
DTRT T IV ITBIOT A MNHEEZARFD Cray XTs ZHWTITo7. ABFIEORR %6
\ZF & Computer Physics Communications #6(Z#F L, ## S n7=[4]. £7=, ENFES [5]
TREREIToT.

[1] M. Toyoda and T. Ozaki, "Hartree-Fock-type Excange for Pseudo-atomic Orbitals,"
(Poster) in the 12th Asian Workshop on First-Principles Electronic Structure
Calculations (ASIAN12) held at Institute of Physics, Chinese Academy of Sciences,

Beijing,China on Oct. 26-28, 2009.

[2] M. Toyoda and T. Ozaki, "Numerical Evaluation of Two-electron Four-Center
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Integrals for Pseudo-Atomic Orbitals," (Poster) in 13th international Conference on the
Applications of Density Functional Theory in Chemistry and Physics (DFT09) held in
Lyon, France from 31st August to 4th September 2009.

(Bl M2, FRIRFZRE) BRI LIRS 2 PP e 2L —DFHE ] (REE¥ER)
HAMBLZRY 6 5 mIFRKRS, MILRZF#RLF /3%, 200943 20H~23
H

[4] M. Toyoda and T. Ozaki, "Fast spherical Bessel transform via fast Fourier transform

and recurrence formula," Computer Physics Communications 181, 277-282 (2010).

(5] &M, RRZRE) TR TIEIC K D EsER v v 28810k ] A ARISHEETS2 0
0 QMEEES, KIEKFEPX Yy 82, 20094F9H28H~30H
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Report of scientific activity on mpc machines

Giulio Biddau and Ruben Perez
Using Machine:XTbH

In the last year, ab initio simulations based on DFT have been carried out
on the supercomputer Cray XT5 in order to study the adsorption of planar
polycyclic aromatic hydrocarbons (PAHs) on the Pt(111) surface. Our
previous work [1] has shown that these PAHs can act as molecular
precursors for the controlled synthesis of fullerenes and novel
heterofullerenes through a cyclo—dehydrogenation process catalyzed by the
Pt substrate.

We have focused mainly our attention on the adsorption of the poliarene
C60H30. This is a large planar molecule formed by a central part with
benzene—1ike ring and three pentagons that link this central hexagon with
three wings that contain four benzene rings each. The size of the molecule
is approximately 19 nm. Thus, large unit cells are required to study the
on the Pt(111) surface. In particular, we have considered a slab with a
10%10 surface unit cell and 3 metal layers, with almost 400 atoms in the
unit cell. Performing a full relaxation of such a large system (all the
atoms in the molecule and those in the two upper metal layers are allowed
to relax) requires significant computational resources, even with a very
efficient code like OPENMX (developed by Prof. T 0zaki, RCIS). This
research has required large computational resources in both shared memory
and CPUs, that has been mostly provided by the Center of Integrated
Science.

We have performed geometrical relaxations for a wide range of initial
configurations in order to characterize the potential energy surface for
the adsorption of this molecule. In particular, we want to understand the
highly preferential adsorption orientation experimentally observed with
STM. The systematic analysis of the behaviour of the molecular precursor
under translation of the molecule central hexagon and its overall
rotational has helped us to map the phase space and to show that there is
a deep energy minimum for a particular orientation with respect to Pt
crystallographic directions. We have demonstrated that prove that the
molecule - substrate interaction can be understood in terms of the
energetics of a single benzene adsorbed on the same Pt surface: the
molecule tries to maximize the mumber of its benzene—like rings that are
in a favourable adsorption configuration. The rings in the molecular wings,
that shared the same orientation, dominate over the central part and
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define the preferential orientation. A publication describing this work,
done in collaboration with Prof. Ozaki, is now under preparation [2].

We have also started a similar study for the C57N3H33 molecule. This PAH
can be wused as a precursor for the synthesis of C57N3, a closed
triazafullerene that has been synthesiszed for the first time using our
approach [1]. The presence of these three nitrogen atoms (each one
replacing a C atom in one of the pentagons) modifies significantly the
adsorption process as they make the molecule significantly stiffer,
precluding some of the molecular deformation processes needed for a strong
adsorption on the Pt surface.

[1] G. Otero, G. Biddau, et al., Nature 464, 865-869 (2008).

[2] G. Biddau, et al, to be submitted to Angewandte Chemie Int. Edition
(2010).
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Phase diagram of LaVO3 under epitaxial strain: Jahn-Teller distortion
Versus Orbital Fluctuations

Research Center for Integrated Science

Hongming Weng, Taisuke Ozaki, and Kiyoyuki Terakura

Using machine xt5

We have studied the epitaxial strain effects on the electronic structure of Mott
insulator LaVO3 with density-functional theory calculations. The Jahn-Teller (JT)
distortion, tuned by growing LaVOs; on different substrates, competes with orbital
fluctuation (OF) in this t2g2 system, leading to three different antiferromagnetic spin
ordering (SO) phases. For 0.98<c/a<1.005, Kugel-Khomskii superexchange (KKSE)
interaction is dominant and stabilizes the C-type SO and G-type orbital ordering (OO).
The G-OO induces compatible JT distortion, which enhances the stability of G-OO
when c/a<1.0. For 1.005<c/a<1.085, JT distortion works in the way opposite to KKSE
interaction by pushing the dxy orbital higher than the other two. Due to the comparable
interacting strength of them, OF is enhanced and manifested by different OO for
different SO. A-type SO is found to be the stablest one. When c¢/a>1.085, JT distortion
fully overwhelms OF. G-type SO with ferromagnetic OO becomes the ground state. The
rotation and tilting of octahedra lead to different splittings of tyq orbitals. Only GdFeOs-
type distortion cannot explain C-SO and G-OO in LaVOs.

Analysis is done with construction of maximally localized wannier function using
OpenMX code.[1,2]

References
(1) http://www.openmx-square.org/
(2) H.Weng, T. Ozaki and K. Terakura, Phys. Rev. B, 2009, 79, 235118.
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Defect States Induced by Oxygen Vacancies in SrTiO;
Research Center for Integrated Science, JAIST
Zhufeng HOU

Used machine: Cray xt5,

Oxygen vacancy is known to act as electron donor in strontium titanate (SrTiOz) which is a typical
perovskite insulating oxide with a wide range of technological applications. Extensive studies showed
that O vacancies are intimately related to several interesting phenomena observed in the low
temperature conductivity measurements and the optical excitation of oxygen-deficient SrTiOs.
However, the picture at atomic scale for understanding the role of O vacancies in these phenomena is
still in controversy. Particularly for a single O vacancy and O divacancy in SrTiOs, there are puzzling
findings reported in literature (Cuong et al, Phys. Rev. Lett.98, 115503 (2007); Kim et al, Appl. Phys.
Lett.94, 202906 (2009); and Choi et al, Phys. Rev. Lett.103,185502(2009)).

In order to understand properly the defect states induced by oxygen vacancies in SrTiOs, we have
performed the first-principles calculations with the correction of on-site Coulomb interaction, as
implemented in the QMAS and VASP software packages, to study the structural properties, formation
energies, and electronic structures of a single oxygen vacancy and O divacancy in cubic SrTiO;. We
found that single O vacancy (Vo) in cubic SrTiO; is a magnetic state in which Vg induces a singly-
occupied localized state in the band gap and a delocalized state in the conduction band. We also found
two local minima with strikingly different electronic structures in the nonmagnetic state of Vo. Our
calculations showed that a single Vo energetically prefers the singly-ionized state, which is also
suggested by experimental studies. Furthermore, we found that two O vacancies tend to align in a
magnetically anti-parallel shoulder-to-shoulder configuration in the xy plane, rather than in a
nonmagnetic head-to-head configuration along the z direction as predicted in an available theoretical
work (Cuong et al, Phys. Rev. Lett.98, 115503 (2007)). For O divacancies in the all five configurations
under study, localized states were found in the band gap. Our results not only clarify the puzzling
findings reported in literature, but also can provide a better understanding of the role of O vacancies in

the low temperature conductivity and the optical excitation of oxygen-deficient SrTiOs.
References

Zhufeng Hou and Kiyoyuki Terakura, New Picture for Defect States Induced by Oxygen Vacancies in
Cubic SrTiOgs, submitted for publication (Mar.2010).
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First-principles calculation of the electronic properties of graphene clusters doped
with nitrogen and boron
Used machine: xt5

Due to serious global environmental problems and also the limitation in natural
resources, the polymer electrolyte fuel cell (PEFC) has been regarded as one of the
promising candidates for the future energy source, particularly for automobiles. It has
many advantages such as high efficiency, low operation temperature, and, in principle,
no environment load. However, as the reaction rate of oxygen reduction reaction
(ORR) at the cathode is much slower than that of the hydrogen oxidation reaction at
the anode, plenty amount of Pt is currently used as cathode catalyst for ORR. This
hinders the wide use of PEFC because of the high cost and limited natural resources
of Pt. Although there are some other technical issues to enhance the efficiency and
durability of PEFC, search for cathode catalysts alternative to Pt is one of the most
important tasks in the research of PEFC.

Recent studies suggest that the carbon-alloy catalyst with doped nitrogen may be a
powerful candidate for cathode catalyst of fuel cell. In order to design and produce
CAC with higher performance, the detailed knowledge about the reaction site and the
reaction mechanism is needed. There are two targets in this first principles research.
One is studying the activities and processes of oxygen reduction reaction, which we
want to find the active site of carbon alloys by first-principles molecule dynamics
calculations. The other one is understanding the effect of nitrogen doping, which is
done by analyzing the energetic stabilities and electronic structures of carbon alloys
with different nitrogen doping configurations. The calculations are done by CPMD for
the molecule dynamical simulations, and by OpenMX for the electronic structure
analyses.

The analysis are extended to the case of co-doping boron and nitrogen in carbon
alloy, and proposed further enhancement of catalytic activity. This result could be one
of the suggestions for experimental researches. Furthermore, the simulations of X-ray
absorption spectroscopy (XAS) and scan tunneling microscopy (STM) are planed to
be performed to compare with the experimental measurements.

Published paper: Phys. Rev. B 80, 235410 (2009)
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First-Principles Study of Contact Between Co Surface and Single-Walled Carbon Nanotubes
MOHD AMBRI BIN MOHAMED

Carbon nanotubes (CNTs) are quasi-one-dimensional structures  with
semiconducting or metallic properties that make them promising material for
electronic/spintronic devices. Carbon nanotube field-effect transistors (CNTFETS), which are
fabricated by direct growth of single wall carbon nanotubes (SWNT) between source and
drain electrodes, show ambipolar operation with very small carrier injection barriers.
However, these devices show spin-dependent transport property with small hysteretic

magneto-resistance (MR=1.8%) at low temperatures.

In order to understand the mechanism of spin transport, first-principles density
functional calculations was exploited to clarify the nature of contact between Co electrode
and semiconducting and metallic SWNT. The results show that strong interaction between
Co(100) and SWNT results in the reconstruction of the top layers of Co surface. Changes of
electron density occur mainly at interface region between Co surface and SWNT, where a
substantial concentration of electron accumulates as Co-C bonds. In addition, the spin
polarization of Co atoms of the top layer at the interface region has been cancelled due to the
interaction with SWNT (Fig. 1). Thus, the spin transport through this layer can be low, and

resulted in the small hysteretic magnetoresistance of CNTFET devices.

3.9,

| -

Figure 1. Spin-density difference of Co(100) — 5 x 5 surface-(5,5) SWNT at 0.01 (a.u)

isosurface value. Spin density flows from the red regions into yellow regions.
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First-principle study on transport phenomena of nano-scale organic materials

School of Materials Science, JAIST
Nguyen Tien Cuong, s0840208, Ph.D. Student, Otsuka’s Lab
Used Machine: Cray XT5, PC cluster (pcc) and Altix4700

My research proposal

In general, a spintronics device requires an efficient transport of generated
non-equilibrium spins (spin-polarized current) across the electrode/sample interface.
However, the spin injection is hindered by the impedance mismatch between different
materials which makes a contact resistance. In the cases of devices based on organic
materials, the interfaces between layers of different organic materials or between an organic
materials and a metal electrode have larger contact resistances. In addition, the chemical
bond structures at these interfaces are very complicated. They sensitively affect the
transport properties. The inefficient injection and transportation of the spin-polarized
electrons through the interface results in the loss of information. Therefore, it is necessary
to investigate the electronic structures and transport properties of the contact on the atomic
scale in order to understand the transport phenomena at the interface.

The electronic structure and chemical bonding nature at the interface between organic
materials and electrodes can be studied in detail by the density functional theory (DFT)
method. The non-equilibrium Green function (NEGF) method, on the other hand, has
several advantages to investigate electronic transport properties based on quantum
mechanics. The electronic structure of the scattering region is self-consistently determined
by combining it with first-principle calculations such as DFT methods. In my research, the
transport phenomena of nano-scale organic materials are investigated based on the DFT
method combined with the NEGF formalism. These calculations are mainly performed by
using OpenMX (Open source package for Material eXplorer) software package
[http://www.openmx-square.org]

The works which I have been carrying out
1/ DFT calculations of Cobalt electrode/Single Wall Carbon Nanotubes (SWNTs) systems:

+ Optimized Cobalt electrodes materials
+ Optimized SWNTs materials
+ Optimized reconstructions at interface between electrodes and CNTs

2/ Carrying out NEGF calculations of some single systems: SWNTs, zigzag graphene

nanoribbons, Fe/MgO/Fe tunneling junction.
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Physisorption of hydrogen molecule on graphene and carbon nanotube surfaces
adhered by Pt atom
School of Materials Science, JAIST

PHAM TIEN LAM, Otsuka Lab

Poly electrolyte membrane fuel cells (PEMFCs) have been considered to be the most
promising, among different types of fuel cell, because they operate at low temperature and give
high specific power and power density. In PEMFCs platinum catalysts, as an active component,

is the most important component for electro-catalysts .

Carbon materials are considered as the best support materials for electro-catalysts in fuel
cells because of its conductivity, surface area, corrosion resistance and low cost. Among various
types of carbon materials, carbon nanotubes with high surface area, good electronic conductivity,
and high chemical stability, have been found to be an ideal support material for Pt clusters .
Fundamental information regarding properties of Pt nano clusters on SWNTs under gas

environment is strongly required for designing catalyst for fuel cell.

We have carried out the first principle study on the absorptions of gas molecules on surfaces
of SWNTSs and graphene adhered by a Pt atom. Physisorptions of hydrogen, oxygen and carbon
monoxide molecules on the systems have been investigated by density functional theory
calculation (DFT). The calculations were carried out by Dmol3, OpenMX and on Altix and xt5

machines.

Publication

Pham Tien Lam , Phan Viet Dung, Ayumu Sugiyama, Nguyen Dinh Duc, Tatsuya Shimoda,

Akihiko Fujiwara , Dam Hieu Chi, Computational materials science (in press)
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