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XD IHRBRERE U727y REAFE L T NInf-G 282 L. Ninf-G O£ GridRPC ¥ #1l{k.& PC
75 AZND MPI WA 2L I A 872 GridRPC/MPIL ~A 7 Vo RidfEE7 L (K 3.1-@-3)Ick
DRI FIGH R A RB LTz, ZOFET L THEEEHR AN Ry T —7(LAN)ZF| 3% MPI
AN LB R F L, BRI R T —27(WAN)Z R 4% GridRPC YA LD BRAE A&
WHIMbZ RIS T T D,

Local PC (client)

3.1-@-3 GridRPC/MPI NA 7Yy REF L

GridRPC/MPL A7 VY REF DI TRBEERI oy T — 7 BEECIR, RALoREBIN &
I EDRFICA N T b, BEATHIROT v 7175 L1k, o MPL 6857 a7 5N T
ETNENRFFSNTEY, AHRORILREICT —F 2Bk 32520 Th0, K 3.1-Q-4 1T
Ninf-G DA F v —ram Uiz, FIHLIZ ASC F32 75 A% L P32 75 AZTlL, #8457 1
Ty YA FRD | F32 Tl 32bit Xeon 71y THY, —J5 P32 Tl Opteron 7'my ¥ Tdhd,
SHIT4 MPL IEHI7 07 T TR 57 mey P 85I #4 DI 228 T, fl # DY — D BERME
BEMREL R D AT M HIFH BB BRI /> QD £722 ATk PC LU CIRIUE S H A
AEMFFEFTN DRI R b7 — 21285 Opteron PC Z W, IEBEH D Lysozyme @ STO-3G F&JiE
(11,077 JEE)D7 47475 LT, ] 3.1-@-4 O ORI, Fox DT LTV L% HHHIC
Ninf-G TRIELTEHLDTHD, 707 T LDEAEEEIZERZATHIOEHENFEL TODLN, £
NS DOER S TIX B LTI I EL TV, Z Uy REREETIZEV WAN £ PC 77 A%
ERIATDREMNRENZ L2 B 258, ZOMEDD ST )y N BB Th i\ W4 5+
HIEERRLTND, TR TRSNDEHRERI R ETO MPL A7 07T ATRERBHIA TLT
WHZEND | BIER AR BN EBLTECNDLI LR TED,

[/ Transferring data
Sl [ e—m——
0 500 1000 1500 2000 2500 3000 3500 1 Waiting
Callback executing
0 500 1000 1500 2000 2500 3000 3500

3.1-@-4 Ninf-G DX AL 7T a7 7 ANETTAT v ha— oo IR L5 m5E b (T)
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— 5 3.1-@-4 O FDOK T Ninf-G OZT7AT > ba— Ay 7RI L TS50 % &R
{bZEBL L7~ Ninf-G 2L 5% D GridRPC/MPI {2 &7 /L TlE., ffl % @ GridRPC =2—/LZ°k
\Z MPL W7 077 AN TORIN LI THS, WEBICEI A DB ZEL W zELTH, 20
[N LD BN IR DVERE I B A 5.2 TLE- T, 79A T o ha— Loy 7R 13—
AMUISTTAT O MAINZIBIE ZAT08E T MPLIEAI 7 17 AN THREE D PC 721 RN EATT 1
IXEL, T T AN CTRIIEEDZ LR LIS NS AT A T I ADT v 7T — M A BEIZ2 D,
3.1-@-3 TIEE CRENTZERD NI TAT o ha— R 7S T 5, 77T v ha—Lb 3y
IEFIRALWGA LT DL BERE —ElOEEF(LEEHR Lz, ZOINTEEO R/ 55 E
MR AR S Vo R EOERE PC 77 AZBETH>Th, x0T/ I 051021348 TD PC %
IR B ENE R T A T8 AR T DI ENARETH D,

7V REREETO KB HIGH R ZE 25 LT, 70/ I ANMEEEZFFOZELEE THD,
DEVSEDFHEA I Z LTIV N— R =2 T EEDREATHMERNKREL, EHIZENRHO
PC 7722 %R T 5728 F v T — I EEIZONWTHE BT HMLENHD, £T2 PC /T7AXDE
BOERZE 2 DL, D PC /7 AL EFRIRHC 5 AT 52 LIXNEETHY, FHEMKAE MR TE
PC 77 AL NS HEFITTEDIENLEEL, T TH A IZ—2D MPl 77T L0 1E-7-2 1L
ThHEBEAEITTELFEELIT/ o7, GridRPC 22— LT LGB A a— VR T A AT T 7 A
NWELTRGFTHIEEL, 7747 U ha— N\ T2 > THE O TR Z  — MA@
T HZET, Ko EpEERmAE BIELT,

3.1-@-5 IZ Ninf-G 12 LD 7+ 71T SR E T ANDZ AL 7 T a7 y AV E R LT,
& —47’ME EGFR-EGF #-414(8,661 Jii- 1) STO-3G £ JE(26,461 LK) COEHE LU, ZDFE
BLUZIBWT P32 ZZRFZEGFIZOUVNTUR 3 REH O FA TR R 22 A7 2MAITHONF TR TT A
NefT7e> TG, DFEVFEITRFMIN 3 R 2 2 D LML MPIL IE 47 a7 ATl s w6
Nb, £z P32 I77AXISHO2—FRFIHL TR, BRUIZBOFEMA IR TEXHETIC
RFEID DD ZEbd D, IR T/RUIZER A D EH A A FATL TS Thd, —& LD PC /7
AL TR RSB IR R CE e o 727280, LIEDLSEHEEZFZITL TR, 2~ >0 PC 77
A DFEATIL, TNEINEITHR] 3 BRI T AT MK RHE TSELNTWD, 2D LI MPI
W FN 7 07T JiSFH SV THD PC 77 AZ 2> THFHEEIT/257-0 BERGH R EST
L CWAEETF RO D, ZOHE T T EIL- PC /I AZ DRHEITEER I 2> TR, HilE
I/ NRIZHNZ B TND, 7284 PC T AX TOHREME BRI T 7 A MRIESH TRBY, &0
FHERE T RIS TRINBLOIE RN RENTWD, s 2B LT MtEE 2> 27 )y R
BNT A 74T 5T 0T 2 FHVUE, ZV Y REBREEICEB W TR R EITRFHETHY ., KA
P57 4o VTR DR RN EBLTX D,

MPIZ704 5 LDEEE GridRPC call Fa1—RTLIZEDERT

P32 (64PU)
Bit&
P32 (64PU) stm | [ stmeer
F32 (228PU) D FHREM
0 1 2 3 4 5

Elapsed time / hours
3.1-Q-5 MEEMOHDL T v /TR R T 0 s T LDEAI 7T a7 7 A )
® KHEFMO-MOEHE D FLT
INFTITHABESCAT)— A ENO AR AJRE TH T KBRS 732 —2alin, 3.1-0
TRHFE L= FMO-MO 707/ 7 L% FHWAZ EIZEV AT EEIC 2o T2, LA T IZBEIZAT 723 2D A TD
Ralb—varimRd, FEBE, 2RHIDL KERNEE RO FMO-MO #HELFEITHTH D,
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(1) ERpR RT3 R(EGFR)

ZRAAF oL T —ERTK)THD EGFR 1%, FE/INIR AT <C KA S5 2B W Cl Rl s 5
R EPHeRESITIY, EGFR 24— 47 v MIUT= 4y FAE G H TR O BRI D3 B AT AT T,
EGFR (F3Hlaf & @2 7 THY, AN DDV T RS ARy MR R A2V TR T
&5 EGF 2 TGF- a R EMHEA 5241280 EGFR 28 "&b L, Z DG M B iz s L
THENEL~Meb A EIZ LD F s o —BOIEMHLZE T, T D7= EGFR OREFERALEL
TIE, BEANERAL DY RS EAL, EGFR - EAb O EAEM ., T U CERNENLO B 2 B2
{E~DATPHEA L2 E 3 H ST,

o FREERIBLEAIOBIFIZ I\ T B -2 AR O FEM 72 A8 B AE AT O#E FITFEFITh
M7t Thb, ZOLH7e E % RN OGN BAERMNT XL T, FMO JEIZE > THED
D777 A MM BEAEH =RV —(FIENZ LM IIFEE I2H H CThAHZENHESINL TS,
% Z T EGFR OIEAMBALDY I R FESEALIT 6 LT FMO 4 W= IFIE #2175 281280,
BRI N RO HE O 2475 22 &2 B L LT,

7 EGFR OUH U RAEA R R R AITHE A 35 EGF £ IFIE fi#fTIZED, 3ODFEEY
ARB RO T2, ZNHDOFEEGTANOND1IOIIEBES THY, EBRITHLI TN EICE
WCEHEREEZR-THEETOLIIENHESN TS, O20DE A NIENE N
DFHFET I/ TSN TEY, AL TUIENLDEERT Y /L OMGENEE TH
D, UTREEEIIRL THROWLE RIS 2 R 2883 bootz, FZOU T REEERIZEIL
TIFZEEOREABIETHDLEEZDND, FEREL T, EGFR ORF RV AR THD EGF 3
fE e T DRI, MW REERRREZ T DI, ZEEFEORE A B LR A A NI IT 258 EL )
RIEMEIZ XDz b oT=,

I, FMO-MO FHEIZHOW TR ~%, EGFR B ARD IR ERNALIE 17,246 J5 & FEF 12 R
Filipd, ZORITKIL T 6-31G EREE R E V- FMO-MO HEATT-7-354 . 96,234 BET
HRARRBEROLEF S FIEEHELRD, T2 T, FEERMO AIST Super cluster P32 #5(ASC-P,
1072 /—F., 2-way Opteron 2.0GHz)% i\ T FMO-MO #HA1T-7-, ZOH 1L, ASC-P 128
J—FEERALTOEE 2 H@9 KD TR T LT,

3.1-@-1 21X FMO-MO #ETHONZ EGFR &K D MO O—#iZ Rz, 2D MO 1%
EGFR LU RThDH EGF LOREEICE B /2% F 2 573 7B O E/ERICEDALO T
HD, FMO-MO JEIZE > THEDLNZZD MO 1Z, EGFR & EGF Offi 512> TR > THFELT
BY, EOIORMAAEHNEE CTHHIENRDND, — T FMO ETEHELNZ7TF7 A D MO
%, EGF D107 Z7 A MIJFELL TEY, FMO-MO £ THEOLILTZ MO ExFIRZ S S
7polz, 32HME KT BTNV —TICBIT DRI THRIR T 205, - EHEEZH WA EICL
D, ZO KRB Fock {74100 HOMO-LUMO ¥t 5 94 43 it % 10 4y CIEHZEMATREE o7,
ZHUZED, FMO-MO {EIZBIT 5T X TOFEFEMO %, Fock 1781 DIERK, L CTZDITHID—
AL A fRTE) 27 ) REREE L CRHE D ATREE 72 o7,

3.1-@-1 FMO-MO {ETELNIZUN U REA ICEE R ZE % £7-4 HOMO

- 276 -



(2) Lysozyme

FMO-MO J£TIE, FMO ETIHELIVRW S T RIRIZIA D > 72 FHUBEMO) 21552 &3 H
Kb, EDOHThE HA 5 ELEHOMO)SCHRARIE 5 A 47 F#E (LUMO)E, (b2 2 B 5
THEEZLN TS, IEFICEELR MO Thbh, LINLRING, 2o =B 728 O KRB, T
IZBWTE, FEFIZZ<D MO BFIET D728, T1H0 HOMO <° LUMO 3 E D XH 7R HHE
BT DOMNERRDIEE, EFICHEFRRILETHD, 2T FMO-MO EE HWAHZLIZE- T,
HOMO <° LUMO #1£5D MO %3RO TENLDIRD BN E G~

FMO-MO {EIZ AW =TT A Z R E 4514 Lysozyme TdhD, Lysozyme (S-S MH: Al EE Ol
faBE A B W EH OB DBEE THY, 129 FREE, 1961 JR 1L BRI /22 "7 E Th D,
DR RIBEIT A D IEBR AR O KIS L B T D, — RIS, KBS L R ITE
RN CIIKIRIRER B PICAFAEL QOB @i O MO FHHRIZEZEFOFHETHY, DL
PO FUTIIA ENZ2 N, FIMERD SCF #0i LR A W= KA MO FHEICRB VLT,
HZEHRIZEITH MO FHRETCIIZ L _VERENATAET AME T I/ BRICKL T rh A7l o
LR ZAT 72N ER L 72N 2 872 E NS TRY, W7 /BED LITIFEL TOD MO 23R
BN R DR A L S TEDINTEALT 2T IEF IR,

ZITZOGTEHWT, W R L5 0 FiE =R — DB & ~7-, £7 Lysozyme
W LTI R A R LT Ky A4 O /1% V2 MD 232 —Yara17-
T2 BN AT T ayNph1OEE), FOREZ LT IR 72 L, Lysozyme O J& [ 3.5,
5, 10 ADKIyF-EXFAF L HEANTZ 4D DB DHEEZVER L, FMO-HF/STO-3G R X
N FMO-MO EEZ T -7, ZOFIT Lysozyme OJEBH 10 A DK FLxtAF L ZHIAATEFR
Tl%, FMO-HF/STO-3G 2T 20,758 2L &700  ASC-P % 128 /—R 45241280 FMO 4
(2 1.7 RE[H . Fock fTHIWERRIT 3.1 IRef], BEH-ZIHIEIC 2 20T, A8t 4.8 FERICCEHENK TL
77

FMO-MO JEIZE>THLNZEF 10 A DKG F-ERAF L EZRDIAAT RO HOMO KLY
LUMO %X 3.1-@-2 ~RL7z, TNEIWABEDERIA I DIEI 4D DRI T FMO-MO T
o472 HOMO K ONLUMO OAZIEIL, EE NI oT-, Ziud, B L oSz VT,
B R EFENAAET DR T I/ I HOMO <0 LUMO 2MELE LT, Iy 24092 &
12D, B0 HOMO X° LUMO (X2 ELS A, 2o " ENEICH DO Tk EICHEETD
MO ~R{EL LTz, ZDZ 0 KB O HOMO <2 LUMO ¥TE121%., #50> MO 2MRIEL T
BY, ZNOITKT OB RIT R DTN RIS,

FZT4HODOIEEIZIITAS HOMO X° LUMO T OZENZEN4A0ARD MO D43zl &
MUCED e, A G F2 N0 EZ2 D FMO-MO 0% BTl HOMO & T LUMO #fEicEBi)5
MO DS ARITEILD THoT=DITx LT, KBS T4 2 < G TSIV TIE, MO D43 A3
FEI o7, FEFICEND HOMO-LUMO ¥4y 7 H RELSARDZENMER SN, ZHITE
Ze R TCII AL N VE RN HDHMAET /D HOMO <2 LUMO N RZEE THHDITH LT,
FUNZE->TENLD MO BNLELEIN TNDZ ST 5, F-m U m s 4% 8L 7= MO
FHEEITHZLICE ST HOMO-LUMO K4 v 7 28 K&EL 2D . KHIE SCF #HRICH T DI EMED
ML iR T HZ LR LT,
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Lysozyme (129residues, ,1961atoms) +9CI+Z, 096H;0

LUNO @/

[+ _':"‘?'. L

FMO/HF/ST0-3G (20, 758 basi's)

3.1-@-2 FMO-MO {ETELNESA EIA AT Lysozyme ¢ HOMO & LUMO

(3) DNA OFEIRHEFHA

ITEDNAITAEERNICBIT D E eSS T L L TO R TIFARL, BHREMEM B L Th K&
HI TV %, ZAUIDNADHE B, J8 PHO BRI S TR | ISEiPH 2 B g fe %
FFo7-dThD, TDILIRELIRERHEE T 57-D121L, DNADOE IREFHRITIER 12
SR IRENT FIETHD, LLRNHE FIREEFHRICE > TUXE R4 7 THY, 20004FLLIFES
JEH R DE IRIERHE M TN DDA T ALE DRSS B B, k2 RBRES 2550
7RIEE IR DODNADE IRREFH BTN EECThH -T2,

FMOEIL, Zo B 8K E Sy F o NST T T T A A B+ A LI KV F R B2 KiE
(ZHIET 5 BT, IS BGEHR BRSSO IER 1T L TD, E-FMOEDRE A FHVT
FMO-MOVEZATHZEIZEY  FMOTED A TIFELINRWG T RIRICIR NS T-MOZ R D HTES
ARETH D, LLERNEDNANOFMOEDISHBFIIZNETIZEAE R, ZOHBD—DL
LC, B FAR0 I ARSI & @ O & ODNAD, ab—L o M B i a2 /R IR
RBAFF O RN IS, ZDEH7RDNATIE, 73 FHLENAFMOIETHWS T Z7 A M ED
T BEDOTTTANNER ST D E72 D728 FMOED M H fTRENEINIX T ETHMNBR
Nolz, ZOEHRDNAND G HZEHET 572D121% ., FMOE K OFMO — MO FEE 117
DODNAIZK LU THEE L A FTRE ThHHI L n T LR H D, T2 CIERIEL=7arT 17
MOZFF kR 4 72 R EDET /LDNA (2~40H H %) (2% TFMO & O'FMO —MOE% 3 F L
77

B RERR T 40 HFEEXT, 2,636 i THY, FMO-HF/STO-3G (27T 10,108 KL 705, Z
DOFFED ASC-P % 256 /—R{EHTHZ L1280, FMO ¥EIZ 20 43, Fock 1THIMERKIZ 31 47, #2H
~RIHIEIZ 6 57 C, ARE 56 70 TR T LTz, ZORHEIZE>TEMO-MO (28D, FMO £ TlEfES
NI WEE DI FEXTZIR 3> 72 HOMO(K 3.1-Q)-3)035Fb 47z, —J7, FMO £ THALITZ = xR
N =PI EZR D SIS 2956283 b o7, FICFMOEIZBWTET 77
ANy BB BRG0P MU R ZORE E O AN REThHZ bR LT, &
L CTEMO —MOEIIMONELNLTZT T, FMO-MO EIZBWTHRLNIZE FHEEZHW
THI 1 Fock {THIEERR L= G156 =X —1X, FMO B2 TIEREE O =
X =T G HTEMAREIR Z Eh o Tz,

FIHERM OB EZLIT o7, FMOEOFERFII RO Y AXMIXFL TN ME 80 T A
— X = NIZHHI LTz, o BAT)—BRE T BOAT)—2F|H A RRIZ/ 5L, FMOJED
SHEEEEIN L SRR IS N A R LTZ, — 7. FMO —MOEIZHE R THIER T~
N 218 E7=F DT O — A LE AR EI T~ N P OLROY A R TEBEISH L, K
FEFMO —MOGHRIZ 31T H— AL [E A il AR L O B EAE D VRS,

ftime LT, FMOJEIIDNAIZB W TH LI EZ + 79 28 &R LTz, F-DNADF
MOGHR D, WHIFHEZITIZ LI ERF MR E COF RN A EETHHZEL R LIz, 2O LI
FMOIED B NZ 2 3 E DI TIEIRSDNANG JEIN-T-Z 812 k0 | K0AKE 5+ Ok
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REMFAT 264 DRI IS P EDMIEE SN D TZ 5,

3.1-®-3 FMO-MO ETHEB = DNAMO 5%, TA #03RLES)D HOMO & LUMO

@ RT TR VERE S BOLERS AT LD B

RSy OEGRH TR, FZERY AR ~OFHHIZ R E OT=DIZ, @5 EE72 ab initio 771
HUEEICE DB R RITEE TH D, AFETIL, 0 FDORT Vv /LR NX —(HE 7 )y R
iz AW TRHRIKHEEL, 0 T EROBEE R 2 EZBT2REZE LI, o T2k T5
JR A% N LT DL 05 FDREE/STA—ZDMEDRT L3+ /L TR —[H 1 3N-6 YR TT OB T
ETRDM, RT UV VRV —H LD SIS THDHDO T, (T A—=HIZ LD 5 2] H
FTHZENTED, ZDT-D 7 VR ETRIERD B LA AT RE T 5,

ARFIE TR LIV AT 2B HWTC, BT HBEEZEE L@ E R0 THEEIC DR T v
YV RV —HOER T o722 A, MgNC/MgCN |, NCS. FeC. FeS. FeN. FeCO .,
FeCN/FeNC, CoCO, CoH IZ2WWT, S FHEEES D0 T ERO T ERT-, ZIHORRIE
ENICEOFETZ ST TD, LU R EICWO O DR Z R T2,

(1) HTEHFeCNOCNFEAHEE — FeCNEFeNCOEH —
FeNC, CoCN, NiCN (ZBIL T, FEBaHRDO BT ON A OfE G B 7, (CN) 1%, £ 3.1-@
LR TIOITETES,
Table 3.1-@—1  CN Bond length (A)
FeNC CoCN NiCN

Exp.(ro) 1.03(8)Y 1.1313% 1.159"®
ab Initio (re)  1.182 1171  1.166
calc. by us

Difference -0.15 -0.04 -0.007

—J7. Fx D MR-SDCIH+Q+E,, L~V D ab initio 4y FBETEIC LA EHEE () 1%, 32 3.1-@-1
IORT IO, IZFEF O CON A TR SN % Y72l Th-> T, ZDfEIX Ni, Co, Fe DIET
FEllpoT5b, ZOMHAIL, £B-CN (F/2I1ENC) fEA IS A M kL TR
STWALDERTENS, &JE-CN (F7-1% NC) fEaDAA LTI, & BFEA06
CN/NC JEAZHRAVAATZE 1% CN/NC DO AE GO BUBIZADZEEBE 2 DL EDORsE
HEERREWEZEAT IR ENWIEEEW® T D, R 3.1-@-1 2458, FHEMITMHEINZEI 2o
TWDN, B AREZLIZFERIEITZ 2E DO AT/ > TN D,

Model (a) Model (b)

Mg\,_\ FeA&C

N=—0c(C
3.1-@-1
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INHDSF T, FDOEBEEIEADOE RN CN EROEED 2 EL ETHHZLEEZ DL,
BEAREN CTENNTWDADITTe LA CN (F/21X NO)KEDIEH TH - T, CN (721 NC) Kz H k4
HIEVERERD B, ~DZ 1L, BB AEIE L TCN (F721ENC) KoHE O G2+ 58 E~D CN
(F721% NC) FEGHBEOEE DL TEZDHRETHD (K 3.1-@-1), ZTOHLT-KIEIEE A
RENEEZE 5L NC/CN FEAD n 1ZAMNT B> THIRTHY, £ 3.1-@-112BW\ T
r(CN) (F721F r(NC)) OFREE L TAEINDAAAMEDORENT TV IUEE (725 CN/NC
FEOHE L G OO REAEEOIRIENS KENTTHIUEE) 132> D, KERITHTIE,

fﬁ};@%ﬁ:‘j\‘/ﬂf“@ﬁ?ﬂf:? Table 3.1-@-2 Molecular constants of FeCN and FeNC
,Dbﬂéﬁé%?“%*rﬂ/( calculated from the 3-dimensional Potential Energy Surface,
3.1-@-1 OET (@) T gprained by the MR-SDCHQ+E,/[Roos  ANO(Fe),

2T, 'BT DI HESNT
FEH D By ZfEHTL72T X

aug-cc—pVQZ(C,N)]

. i FeCN FeNC
DALV LTS L ol calo Exo
Bbid, B OahTidd : : :

f, hZ)]) ., T%gnggﬁug r(Fe-N) /A 2.0484 19354 2,01 =+ 0.05 (1)
ight] = s r(N-C) /A 1.1681 11823 1.03 = 0.05
RbOH (Z 2V T Lide & (r)

- _ 0
Matsumura (ZEDFBOE  , (Fe-N-C)/deg 1800 1800  180.0
Trsm%éok% T B,/cm™ 0.12389 0.14250

FeNC LZDRMETHD B /MHz 3714.0 42722
FeCN DRLJCIRTE *AICBL B, ,/cm™ 0.12380 0.14278  0.14447(13)
T, MR-SDCI+Q+Z,/[Roos  £,/Eh -1364.1951508  -1364.1941735
ANO (Fe),  D,/MHz 0.00124 0.00145
aug-cc-pVQZ(C,N)] L)L D *10%/cm™ 412 483
CWMTSATED 3 TR T oy /om™ 0.00054 0.00055
VUX N T RAX — i@ o /om! -0.00091 -0.00147

Sy /em™ 0.00052 0.00061
(PES)?J%LM ico) PES a;/om™
25 Mills BHOEBEEE ALY ©(NC)/em 2179 2090
T.°A FeCN o[alfisiE s 5, @AFeN-Clem™ 173 109
DITpeT . AT MDD E 033(Fe—N)/ch711’1 419 476 464.1+ 4.2
BT Byoos ZhEHEL (DeXe(ll)/Cmi] -12.9 -11.8
T M Dsp Rk RO em o e
BHHTENTE, #3.1-@ ‘”e)‘e(lz) Pl e Y
) DR A FeNC oy Ox(12)/em ' '
A i . ®eX,(13)/cm 5.6 -3.7
(=) ktti}(bfﬂ_\‘ﬁ—o .
e ©.x,(23)/cm 225 8.6
FeCN & FeNC DR ik e /o 57 2 66
- 6 < 22 : .
T A TDD, LhL | o 2153 2060
THOPHAEEIH T D o 170 102
PN —EDOFET 215 cm™ vi/cm™ 442 475
;;)-61 kcal/mol) T, FeCN @ zero-Point £/cm™ 1473 1385

PR o7z, FeNC O ¢ /om™ -0.98 -0.97
G LEST, FeCN IZDW T ¢, /cm -0.22 -0.24
DFEBROHEIL2NDTHE  A-doubling/cm™ 0.00019 0.00038
BRAEE DX TEARNS, 4, /D -459(457)  -4.59 (-4.74)
AilE] Y0 FeNC THmvoTz As/om™ #* -83 -83
Her OFHEEENGEZ T, “®; ' harmonic frequency; v; ! anharmonic frequencies;

A EIOFHRRE RILSF 00
FEBRYP AR 07
F&E DT RN 72> TNDHD

o, x, and gy, :
rotation—vibration

interaction constants; ; ; :
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EE 2D, r,(CN) Dzt d 5, FeCN D J578 FeNC L0004 A MR D2 nJoic B,
ZDHTENTF BT RKELI2H>TNDD T, FeCN D71 r(CN) & rp(CN) OFETE T8>
TWDHHLDEHFFS LD,

FeNC, FeCN, BLOWKEITHIE T2 CoCN DHFEAEL TE 2 HZ81E, 1ERDRINT 15T
IINFEBRNOBLNDEHNTED (CNYDEIL, T D FNEAIREN L Tz 7 m e’ —
THLHINERBL TINDLOD, 73 T DOEIRECHE S O EEEim T D)2 TEWRDAME
THHEFEREZ D257, HIZ Quasi-linear 7243 F THHEF T DO TIEARL T, [HERAYIC
BEROHS | #EE B2 8 HIEEE 2T HERHHTHAI,

FEVARTY, B & B, ~EHT L0 REVE A AEH O @R OEZ BIATe XA 75
T oM, BT KRIRIEHREN FEIL FE T3 6D 72 3 Rt PES %3RO CHUE AR B [RIHR D [E A7 5 F
REMLEEBZDMERDHD,

(2) #L9E%H CoCN OCNFEAHEE — CoCN Oy 1 EH —

Fx DHBIRY, CoCN Doy EEUTEI T 285 1%, 8, BRERFH R LD IR A S L
77 2003 SR FE Thh o7, 2003 4=, Sheridan & Ziurys (2L TERAH T D CoCN Diffi[a]diz A7 kL
DD TRE S, DA RS CN FEAEREE r0 13, 1.13133 A THD, ZOfEIE, MgNC,
AINC, CN @ CN FE&FERfE, 1.169, 1.171, 1.172 A |Z#_T 0.03 735 0.04 A FH\, 4 J8-CN (F
721X NC) fEEBAA UM THLG A &RFE 75 CN/NC HEITHHAIIAATFE 71X CN/NC %
DIFEEMED ©+EIZAD , ZORE G B IR 7e5, Mg Jil1-OAA AR T 2 VAP,
7.646eV, THY ., Al DZFFLIE, 5.98eV THD, Mg & Al @ IP DFET 1.7eV THY CN & & Bl ro
DFETHFHNT 0.00270.003 A TH D, Co D IP 23 7.86eV TIHY Mg D IP kb 0.24eV KEXWZ&
735, CN kA BEEfE r0 13, MgCN | AINC, CN @ CN #5A FEREIC L R THEL R DT EN TSNS,
LWV FEBR TSRO BN CON FEAIEEE r0 (1.13133 A) 1, IP 2D RRSHHE A BBk 2~ T
0.0370.04 A H45<, 859X %, Sheridan ZEDENIELWETDHE ZNEEIEZHRETHAID,

AWFZETIX, 20T XS CN FEAHEED IR Z SN T 572912, CoCN @ CN FD Ak
A IEEEZ MR-SDCI (2 Davidson O IE (+Q) & Cowan—Griffin OIEENAIFA % Fl IE (+Erel) 201
Z T IERRBRI) 7 TR R LR | 22D ESNARIERES B0 2K b5 015 B, CO,)
L AT 572, CoCN 4311 Co' [CNI &L THfRESNAHRE 31 ChhHEZ 2 D&, Co' (X F) D
FARIEDNDZDEEECIRAEIL P D, THDHEB X BND, IREITik~% CoH DA LFRIERIZ, CoCN 43
0 ab initio 2y FELEFHE TIE. C2v JFRDOLETO RN CTRICA I E T 5 *TTHRIEE D
BT WO BT AR EORMBEN TSNS, ARl 95 CoCN OFFFE I, FEBr
FEROMIRICELE EH T, SROFEBRO TN EEARKREZR-THL0LE 25,

Co D HERA%LIZ. Roos @ Augmented Triple Zeta ANO Z U =, CotDHEIREEIZISL TR R
LT MCSCF £ T35 415 Natural Orbital 2 VY, Co JFUT-H3ED 3d, 4s 3L TN CN 731D 2s,
2p 3575 14 18 % active i &L T MR-SDCI IED AT T 72, RT3 /L fIE. MR-SDCI
FHEIZ Davidson DA IE (+Q) & Cowan—Griffin DB % #a il 1E (+Erel) 20012 TR L 7=, 596
FERT, RS HEOR T v Vi A, 4 IROSEATT 4w L, D RBIREN D/ 65
EHERHLE,

CoCN IZBLTCTPHIENT= FEHAZFK 3.1-@-3 12757, MR-SDCI, MR-SDCI+ Q.
MR-SDCI+Q +Erel @3 _XTOFHEL ~/UZEBWT, P AR RH =X —MEL 2> TERY, Ji{
FDIREENSHETE SN D POIRRELIT R A>TV D, LL, PO IREEL D = R /LF — (135
1.5mHartree THY | FEFIZITEEL TV 5, F72, 970> 4mHartree OFIZ 3 DOYRBEDN AL G >
TWDHIEDRHABNER STz, ZHULLART, Fex BHE L7z CoH IZOWTOREREMALIL IR T
HY . WD ELE BHER DR 145 £ MR-SDCI IZNFE T size inconsisitency (ZHE K42 FHRED
WIEL CWDEEZBND, (E- T, ZOHEY Slater AELEDE S MR-ACPF D X957 size
consisitent 72 FIEICLAMRAENIDITMETH D,

FEERTHELILZ BOC®,) 4200.8MHz EFHHEALD Be 4128 MHz [ bl 0 — & AT 5,
L2, rO(C-N)D G RAEI X FEZBRE L (X 20 2 4 72l L 7> TN D, Frx D ab initio 40 f-#LIETE
OO TRNEIL, eV DOREEEFF> QD EB DD BIRES T, Fex id, BlEITz By
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O A B 23R . DV EBRO T ICRIBERH DD TIEARV N EE X TV 5, O
SERET 272010 Ak SHICEEE O KBTI OFI LY size-consistency Ziifi7= 9 7k,
&6\ spin-orbit AHANEMZ & O R REZIT > TOSTETHD,

3.1-@-3 CoOCNDRIREIZE T AN AFEHEEFHIRILT—

state re(Co-C)/A re(C-N)/A Be/cm-1 we/cm-1 Energy/Hartree

Experiments 1.883 1.131 4200.8
MR-SDCI
3A 1.932 1171 3968.1 2167.664 -1474.3460
3T 1.955 1.171 3902.1 2169.429 -1474.3426
30 1.925 1171 3988.8 2169.081 -1474.3432
MR-SDCI+Q
3A 1.913 1.172 4023.8 2156.967 -1474.4013
3 1.937 1.172 3953.7 2159.231 -1474.3977
30 1.907 1172 4040.0 2158.819 -1474.3991
MR-SDCI+Q+Erel
3A 1.888 1.171 4098.5 2156.159 -1484.7392
3 1.909 1171 4033.9 2158.351 -1484.7356
30 1.878 1171 41279 2157.997 - 1484.7377

(3) CoHDoy - EHK

CoH 73113 1937 FEZHD TRE D2 S 40, 121 P OIRENEERETH L LM E L TWD,
LML D35, P @ FEERRB IS KL TR 2 Z > O M BERE (re) NS S TERY, XThvE
TOHGHIETIL, 20-X O O = 3/LF — N FEERE 6625 + 110 cm 12X T 4597 cm’™
LOELNTRELT, Bl ERFHAESRD LN T,

JLIERIZEE Clementi—Roetti @ STO (Slater—type orbital) 25512 diffuse B0 i B4 AN
2 THERELT2, Co 1Z1%(9sTphd2flg) set, HJF 121X (5s3pld) set # /=, 71/ 7 A%
Alchemy % VN, £2TOFHEIZ Coov MFMEZTREILT-, & P-X° P ARFEIZXL . valence(Co D
3s,3p,3d,4s,4p BLE ., H O 1s $135)14 #7812 18 FE1- 9 CASSCF FE THSNZ MO 2T,
valence WO EFFARIZ W A5 MR(multi—reference)SDCI+Q(Davidson fifi IE) 3+ E 217577, &
SIZHELNT-AAIRRED HARBLEZ FIVW T, 51225 MRCPAMR coupled pair approximation)
HEIZED CL 22k 2 BB EL L TEE RO E4 gL 7,

# 3.1-@-4 12, EFHEIC > TELNE 2 O- X OIREBO L ERE . ERELILCE 2 Th
5o a° P FHEIRREIIAE HIIZ Hartree—Fock TRLibSNHEIRAET, SDCI+Q, CPA I 1 &
MBI CIT o7, — 7 X O ELCIRAEITRIL Tk, MRSDCI #H R DB T IEIE A2, 3, 4fHLHH
LU TAT, 4D IREIEE O UE, FRZ @ O - X O IREE~DhE = 3L — 2oV T HEER
EEE D BUME 6217.7 cm™ 2ME5H47-, MRCPA H5EI1I4B REIBOSE DI 177, * © KT
RIED re lZBIL T, FHEMERLLE R T OOFERIEDID 1514 ADF N ELLLWEE 2D, I3,
re=1514ALT 5L, HEMIIERELIVC/NS B THDH, MRCPA GHRIZENV S E 720 2 HY
ANDFIZID, re IZSHITE T T2, @ OIRIETITHIIOCHNINT D) o FLJERAE TOIRS)
Bix, ZEARICID 10 e R L, FEERIEZZZHET D, o° O RETHIREEIIEL .,
ZORRFEITEFRIELDH O KRE W, PO FRRIEND & O IRRE~D il =1 /LF —%, MRCPA
FHRIZEVESIZ 100 em™ BLESSEL | 23720 SEER I Z YTV MEAMS DAL, ZOFE T, MR G
FHREL IR WS D LB 2 5, RO FERREE D ZERIZBIL T, X RIC LR
SNHRETHD,
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% 3.1-@-4 CoHD D FEH

‘o

4-ref CI+Q
MRCPA (4)
Exp. 1a)
Exp. 2b)

O

l-ref CI+Q
MRCPA (4)
Exp. 1a)

1. 5074
1. 5066
1. 542
1. 5138

1. 6261
1. 6320
1.67%

0.05

1938. 1 0.0
1929. 2 0.0
1925.2 0.0
1774.1 6217.7
1756. 0 6331. 2

6626+ 110

(4) FeCO ® Low-spin/high—spin JRBED 73+ E K

FeCO 1%, 7»> T Fe Z& T B AL L CTHE A SN TR DA £~ 120 F ThH DM, Bli
R CIZILIEE IRRETH S low—spin D * 2 73, FhELIRAE THDHE D high—spin JRAE° S L0 E<
FHEINTLEIZETHLN TS 1 ThY, FIEEIEDIER O R HIEDZ Y EIZ BT 5
VF—I LT E ST TE R, Hx . F—EBEREEE T, FELTIA UMDy
. FeNC, FeCN,, CoCN, NiCN [ZDW\T, /3 5k EZ HIE LI R A1T 5 T/, FeCO I,
dn—px FEMERH CRENSNI-ILEFBAMEDIRNS T THY, ZNHDAF LMD TR TF-&

(IR DFRTIEDOBRRE DM ELIRDEEIBRNOLIILD B 551 T D,

AW CITEHERELH T 3 IR T v v/b ¥ —ihm (PES) 23R8 7-, £/~ CoH,
CoCN, NIiCN,® ab initio 1% T R.H L7~ Low-spin/high-spin K BEL BN E FAHEE | I2BE 45—

A7 AN DUV THBRTANICE 22972,

- 283 -



Table 3.1-@-5 Equilibrium structures of the X *X ", ®X ~ states of FeCO
and excitation energy AE (X 3% ")

Methods rFeC/A rCO/A /kcal mol™
5 Z -

MR-ACPF /ANO 1.742 1.157 0.59
MR-ACPF+Erel /ANO 1.729 1.159 0.97
MR-SDCI+Q /ANO 1.735 1.158 0.93
MR-SDCI+Q+Erel /ANO 1.722 1.160 1.21
Noro, et al.1) MR-SDCI+Q /CGTF  1.797 1.147 0.42
Ricca, et al.2) CCSD(T) /cc—pV5Z 1.746 1.158 -0.42
Adamo and Lelj3) B3LYP /DZ 1.757 1.151 5.5
Exp. Vallalta & Leopold® 1.727 1.159 3.25
5 Z -

MR-ACPF /ANO 1.868 1.151
MR-ACPF+Erel /ANO 1.855 1.153

MR-SDCI+Q /ANO 1.857 1.151
MR-SDCI+Q+Erel /ANO 1.844 1.153

Noro, et al.”" MR-SDCI+Q /CGTF  1.879 1.150

Ricca, et al.? CCSD(T) /cc—pV5Z 1.860 1.149

Adamo and Lel® B3LYP /DZ 1.900 1.146

Y'T. Noro et al., 2000

? Ricca & Bauschlicher, 2001
¥ Adamo & Lelj, 1995

Y Vallalta & Leopold, 1993

FHRIL. Fe ICHRT D MR ) 2B JEIC ANDT-9DIZ, Fe (°F) @ MCSCF  H #X#liE (NO) &
CO(*X") ™ MCSCF NO % merge L C FeCO O#J# CASSCF NO &L . no—core, full valence ®
CASSCF Z4T-7-% . full-valence ® MR-SDCI+ Q (Davidson ®#f1E) 15 247\ . Cowan—Griffin
D E TR R =R —Z A 1E L7 (+Erel) , MR-SDCI Ti%, CPU ZARDBEFRT 130 1T
active space MDHALTZ23, active space 7354k T 54 CSF b0 1, 2B # & BT 5L
IZE>T80 .90, 100 225D core-valence BIE FHBIZIVZATL, ZD80 .90 .100 7>
HOBIETFIRE. FHRAEOIEEZ 3P ORI DT 5720 I iRd TEETHHIEN 5y
o7z, FEEERIEEL TlE, Fe, C. O IZ%FL T Roos @ ANO &\ 7=, 5HEIX C2v /PR EL
TiT-o7

# 3.1-@-5 1R T IO, ZOCBL TR & L bl = L — DO &b I EREA T EL
LTCWDZENRGND, ° ST D EBRIE O R ATV RIEEEE T TR T H 0L
ZEZ25,

3 It PES hH3Red7= oy 1 ESA TR 3.1-@-6 -3, "X ICB9 % BO O TIlMEIX B EA
FRFE 0.24% CHBIL TRV, IEFIFIREIS v 11T FEBRME 1 195010 em—1 {ZXFLT 1954 cm-1 &
FHEEIND IR E N —FERL TS, T, # 3.1-@O-7 251E, P S ICBL T, 2v 2 & v 3 LD
DFRV Fermi resonance 3&HAZEMNM THINA,
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Table 3.1-@)—6 Molecular Constants for X Y~ and °Y ~ FeCO, Derived from
the PES at the Level of the MR-SDCI+Q+Erel/[Roos ANO (Fe, C, O)]

Parameters X 3X- 5y -
re(Fe-C) /A 1.7220 1.8435
re(C-0) /A 1.1599 1.1532
ae(Fe—-C-0)/deg 180.0 180.0
Be/MHz 43825 4012.7
B0/MHz 43742 40124
DJ/kHz 1.11 1.11
Ee/Eh -1384.6730172 -1384.6711414
al/cm-1 0.000750 0.000652
a2 /cm-1 -0.000396 -0.000639
a3 /cm-1 0.000593 0.000643
w1/cm-1 1972 2027
w2/cm-1 374 258
w3/cm-1 566 495
wexe(11)/cm-1 -9.69 -13.49
wexe (22)/cm-1 1.54 17.88
wexe (33)/cm—1 -6.56 -2.41
wexe (12)/cm-1 -5.29 -6.33
wexe (13)/cm-1 13.92 -4.45
wexe (23)/cm—1 -6.99 -64.20
g22/cm—1 -0.85 -16.16
vV 1/cm-1 1954 1992
v 2/cm-1 372 261
v 3/cm—1 552 424
Zero—Point E/cm—1 1637.2 1496.9
£12/cm-1 -0.97 -0.97
£ 23/cm-1 -0.25 -0.23
N\ —doubling/cm-1 0.000152 0.000159
u /D -3.20 -0.29

a Wi : harmonic frequency; Vi : anharmonic frequencies;
wexe and g22 : anharmonicity constants; i : rotation—vibration
interaction constants; £ij: Coriolis coupling constants;

U : dipole moment (as an electric field derivative).

3 ot PES X2 T, MORBID (Z& 5 FEIHARENE BB DO WIFFEE L TRed7z 10(Fe-C)&
O(C-O)DfEIE, FNEN P 1L T 1.724, 1.164 A P2 (6L T 1.845, 1.157 A TH 7=,
T2, 02T IR T~ DB EOTEEIL Fe-C AT 1.721 A | C-O &6 T1.157 A
LEMEIESN, FNENOERRE 71.727, 1.159 A LI —FHL T3,

Low—spin (* £ ) JRHEL high—spin RAE(C X ) DIEWMT, 3d0 & 45 D hybrid L TARKT 525D
A (REAMERB X O S HEELE OM) 1IZB1T25 2 [HOE OB OB EI 2D THY,
low—spin JRAECTILHEAVE hybrid BLIEZ 2 EOFE N ADDT, FEE MR LOSREEE hybrid #l
B2 1T D00V TEF D3 AD high-spin IREEIVL BN E FFHBIN RS, 76> TIVRE725y
WA ZDIT T THD, EFE, £ 3.1-@O-7 | TR TR F-EERDES , £72 Fe D Mulliken FE D
BCEX T 0.432,52 T 0.395)H, ZOEXEZXFFLTND, ZD7H, low-spin @ X TiX
high-spin @ ° X 101, Fe-C #1358 720D T, A HEEH XL EL, Fe-C HiEEE# Ko 31X
JVEL 7> TnD (57 3.1-@-T7), 53 C Fe o ->T-E ML C-0 OFEATED n §LIEICAD
DT, W C-O FEAIL 32~ OFHFNIVFHIRDE T, EBE, & 3.1-@-7 TD C-O FEH Mk
FVEL, C-OMMERET M o 11TIVE > TWD, ZRHOMEIE, S0 FeH, BXUF
@ CoH, CoCN NiCN |[ZE W TSI CWAIER & —ET 5,
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3.2 BEKFE BHAIL—T
(DAFFFESEHE N K OV R
BHI N—T7 O BARNBFEE B 1X, 0 T E0E R R CBIND R AL AR REL TS IEICLD
— WAL [E A R E O R B2 THVE (LA SS 1) DRI Th D, KB — k(b [ A i E o
7'y REREE 6] & DA H 43 WAL FR VL DB 38 & T D REEAITU, RIBR DO IERBRAY 5 A
FHREZIUCIE DL T EV I FRI R OT2O OFBEH A HIER D N T s T AR AT 5T,
KHBATHNZ 5t G & UT-BEZE OIS 22 fEDIZE AL 1, K 3.2-O-1. RO AR DRI
T I, LRI IR — KL, IEELE A X7 v W5 22 oA Rk (N
1) &, FOESZEME R WIERIEA SO R H GMARE) HofEkSihsd, L, ZOKIE
DI=DIZ, Vo Te AVRHR LT RE O TROFHREEITOBRRF A EZITHIZ 27D WHHRIE&
AN —TNIZBITHWHNERICEE D, o, KIBEZ EIZ/ —REOBENEEL, 7Yy RER
BECIT 07 MERER R TE W,

(i 1o ) S E
HERE X v
1 2 o v \ R J
U — )ﬂ%ﬁﬁ C wozmoxs )

MBI H 0 oD B

A BATE 6k 0 il

TER DfRIE fRRE
3.2-0-1 REUWEEAERBEOME IR 2L Dfih

Fox DIBAFELTAAT, JERIRE 53 2 ATl Ay 22 M2 B AR R 2720 | X 3.2-D- 1AM
R INTHERIEIC ROND B AR Z LI, T, B A EARE TR Al R Y726
RARDRIRICESRA TR ZRAATTENEWIESIEEZS S ERTHD, SHITFHEY
PR R E TE DT80 | NI D AT MU T > TRIRFHZFE TR D, 20728
FIGHRBR B0 N o HOR B & R & LB T e E A AR DR BN I REL e o T2, 2D &H7e~
JINDJEEIFE 5 2R Lol R RS Cam IS 2 S S E A BRI I ETRES
NTELT MAMEL &,

O HH—AZIE (SS 15) OBEFRARHT & 2 EAL DT DO H AT B %8

CREST 7'my =2 MY HRIZ SS IEDOEAEA R E O BRER AT AR EER L, FFED/ T A—H
G5 T R NFERI AN CX D018 oT0, IBIT v 7% V=515 (LUF Block SS{%) &
Rayleigh-Ritz 71t A% N2 #B 43 28 i A ki o CRIBZFE FE M) BN el REE 7272, 2D
FEHY TN T OO I LR HH N THY, V7 Ny =7 O EMESCHERED M | FIHMED
I St Syl Sh e

T SS IEORRZEMRNT OB AR D, /3 FHuEFH R CTHND — AL E A i

Fx=A4Sx
WL T, SS EETIRAZ ML JE [EIFE 5y

1 ]
U=y | @s-F)isvdz, k=0,1K
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BLOEHRE—A b

1 ky,T -1
He=5— L2V (zS-F)“Svdz, k=0,1K
W5, ZZ¢ F,Se R™ &iﬂﬁmw\ Ve R" IZ 0 TARVMEEDA_ZMNLET S, VORI
FIXFEH LTSS T 26N, F2, TSRO W EAEEZE TEE i B Jordan HiERT
D, 5 FEEFE TIE T 2P S LT HOMO-LUMO 15248 7E 1%, &<I2 FMO-MO
IZBWTIE, TOREIC FMO EIC > TR EA oA ER AR A T& 5,

WIZMBEDEAEHDHEL, ZOEHFHE— A MEHRITH D Hankel 174 H BRI 7
L7z Hankel 1741 H, %

dy o Loopy ty o Loop
T B T I L O I B
m M M M [ M M M
m-1 M L Hom_> m-1 A L Hom_2

LB ZOEXTHIRH, — AH, OEAEIXT NOBEAEIC—ET 5, Fo, xHG T 5 A~
%

X; =[Ug,u,L yu 4w, 1=1,2L ,m

L%, ZZTW, 1T Hankel 1THIOATHIRDEA NIV Thh, 2 SS IED FEMEL 72 D BIfR
ThHbD, f\ﬁb/lxv%‘:)\ﬁkiﬁ_&% JEARIFE S LA NET NOBEEEK ST T EETe, FD
728, ZOBEIIX 3.2-O-2.1R" T I T7 4N HERIRTZENTED,

Vin eV il
(" T

X 3.2-D-2 FREIFETNZIZDART VR DT VS

LT T RTCDARY MV EE T SIHATITHIDEX21E
u =F‘%, k=0,1K

720, U 5 Krylov #353 22 2355415, 1990 -RIZIZZ D Krylov 843 42 M2 W CTA R L 72
#3EE— A e VD moment matching VA3 B BEHT-CHRENEAT . B8R GH 72 E DB CTH
WHNTZH, ZDOEMEHI AR EMEDT-DICE B ORI CH DO H D kLT bl -1z,
Hankel 1THIEEAEANSAFOINTHIORER 2B EL TORSNDZENZ N, ZNHLOHIET
E BRI T LRI ML ORI L > T 22 A AR L TWOAZEICHEE T 5,
UKL T, Fex I T2 oBEFHEOAEZF T M EEL, AR % N S RRICI L
7”_0 Motz y, F88% plL . Hankel {78 YA X% Z O R BAEL 312/ NS B I0T N
(ZHDEAEDOHINGKRELED, Hankel ITHIDEROEBZ eLLizbx, SS HETHHIV[E

ﬁﬁﬂ@ Sl
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5 /1‘ {O(g) A, is inside I
' 1O(s- ") otherwise

Lilph, 22T, XEAME A, OMOHFLOLOREE OO THD, WERDLHETH[HE
AHEIZT NERICH DT EFEOBR S Hankel 174 OBENIILRSHTHREE BRDHZEN
ARE THDHI LMD, ZNERDT— AN WD HIEED RE/ME R THD, SSIEICE
T Hankel 17800 A XX RFRE DO KRESTRIET D720, T OEAEEE FFl 5205
TR0,

I A5 D [E A EILH O O BEENLDITHE > THREANTRE EE N AL 45, kD= R
HTCld Hankel 17810 /L M2 Lo CRRZEFHI 21T > TV e, ZOGE TR B AL EobRT
52812720 EBIDOEAEE D IH7ehE B THRLNLNE B TEA2, 4 1L CREST 7
1Y =7 M IS Z DK B et S M AR U, Hankel 17411 % D8 BAEN 01N &L 559
Y ARETHIETREETHEAEN T+ ICEVEE THRLNAZ AR LT, ZOLEEFME
VAEAG BEBRIAR S £ TR ELZRD | TR ORR AT B CITEEMIC oo RO BN EHE
ZHINTWD AR OIE N BB EMNbh o7, ZHUCED, /"TA—=2D BB IE DT
DIRENELI. Fio, BB DT D53 S OB SR T2,

SS EETIIEFE T — AL M IV T Hankel {7412 L TV, 1741

U = [UO’L 'um—l]

ZEZELIATHI QI > TR EAITHIZE T, EUICIEEE B A RV TR EMER K EL
FESND, ZOLEE A %HE Q% V= Rayleigh-Ritz 7" BE AT T, Rit fEE Ritz <7 ML
HRDOEND, ZDJ7E%E SS-Rayleigy Ritz (SS-RR) {EELTY, RKBIDZDIT, T— A M EHEH
W55 1E% SS-Explicit Moment (SS-EMVEERSZEIZT D, QDFIAT VI Y 70 2 T
P (2)icEnT

q rgok(z)(zS—F)‘lsvdz, k=0,1,K

<~ o
LREND, Z0 @ (2) DBIRPIE DL EVEARD - TNDZENDHD, Zhud, T &M LD
Ttk 3 B35 B RO B OREIR RS FE A BRE I 1) X708 O =72 ARER E O AT REME A R
L TUWD,

JAEFE B TRZILY € R"Oh0icsTsIV e R4 v,

1 k 1
U =— S—-FY'svdz, k=0,1K
< 27 'LZ @ ) ‘

&F %, FEFET—APBRIRRIC

1 ky,T -1
M =— V' (zS-F)"Svdz, k=0,1K
“ Zﬂijrz @ ) :

&L, Hankel 175116 M|, 221312857 2 Hankel 17411&3 528 T Block SS IEAMGH115,
ZDOEERITHAAD Hankel 1781 RDDIZDIANDE—ADOREITL/ L E72D, ZOEKNK
BOFE—ANETEFANDZENFREE 2D, ZOT2DICT WIZE ENDEAEORERERD SS
EITH LT 10 R ETRESTDIENFAREE R o7, Fo, L LU F O EE A fES KDDL
TED, TAUFMBEEGER ED H HEZ S DD LT | SSED RN REL M ELT,

@ EEHREMEIROR M EF R O EE(E

SS AT RBUS [E A B R A R O N, — R TR Z AN 3 L TR IR A S E 2,
IR TSN T AZTITIND T — 2 N B LR DT | IS T m— R ¥y A&
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1190 Wl AATHIDO T — 2 DBUFEENDHEZ DB OF A TIX DL T2/ T AX M TOBIE TR A
LRV, F-K 7 a AR R ET T 0B TR, 7t B G IR SF F mTREZ S A3
17— Ry ANMEIZITE N — R FRE A 1R SR CIRIE T X COFEIK T 95, 1751
A3 B G A IXBR T BRI R 375, ZOLXITITBE A % RO DMV T
B FHE DB ZWNFAE L7200, BT E B R 1L 3 F CERWIEEITHID RIS D0 T IE
FEHBRN L NG A I AEIEIC > CHEN. — R TR ORE RO D, D7, Fmde K18
LA WD Z e EROFHERE IR EL D)o TL D,

IR R BT — 7 BN Uy WG R BREE Tl T — Xk N REZR MBS D, oz 137 — 2
fFIZRVTH SS IO DM E 7 A& 2 F H 75, SS BT RO DI LML H R T
D7, TR A DS D, BRI ISR O ST — R 5 R A ST i< 7=
W, ZZTHA ML TEHEEZITY, SHICE FBRRZ W OMIE SR L —TE, $£7-,
Block SS{ETITEEDOAL IV RENDTD, T ae~ /L F a7 ZE0Y o, £ B 5)
PEIXME G L7570 Ry b — 7 iECRHEICIG U CREEETROEN 4 CTEITV, T — X B
EHEEHNATY, All-to-All RIDEIE 2 L EE LR Uy RERBED Z 725 T B FIFHIC
BWTHA = VT4 BRI T 5, F41|3F23EL 77 Block SSTEIZIBWN T, 5% &9 DI % K,
BRI DR D5y midiE N, 7 ay 78 L, BN — R TR E 2O I Wbl Ea T
BaMELEE, WHNCEITTEHT 0B R P 1T

P=K><(N/2)><L><M

E72%, BBERIZEB T DWW HNIEDFEE /257280 | BHIC KR I ESHZ LN TED,

SELT-7 T AZIZ% L TZ U R RPC (Grid Remote Procedure Call) Té%5 Ninf-G %\, 47
FAZWNTIEMPL & 5 Ninf-G/MPI ATV RIZ LA EEZIT -7, £/~ MNTid OpenMP
28D~ TF ALy RE W, Ninf-G DI A —F 42 7 B2 R L T, SHITIRO 1
EEREBL, 22— W o= VSRR Ry N — VBB ~D AN [ L7220 B — T LT=1% . &
IS EIER IR Ry N — VB BRI Ko TR SN I D/ T AZ R A 35 IS0 ThH
FAER LU CHERERE 21T o7, 72720, 77Uy RO HERBE DB S AU TR WBUIR CIIRF R 722 51
RBRBEL2 D120 AT EDY 7 =7 TlEh A7 — Rk T3, 2=V O SE
B D 752227 VR RPC T D Ninf-G IZE»> Tkt 75 LTz, WA —F 10 7 ik
DB IF AR VY REEDT- D DR —Z DN, 5% OZ )RR HBRELEDT- D DIN
WU T OFEEA . BLOGH R IR AR U DM O 1 SR O T N E E D,

L_] ﬁﬁm:a?éﬂm
@ © Ninf-
'f' f // \\ 'f ' | srscconnn
o B MPI
FERP PR
( & AHzAO LI

3.2-@-1 Ninf-G/MPI/OpenMP A7 Vv NIz LA F{l

TV REFEAATHEEXDEZ AT WBIEES VTN T BT DI E AR M FEIR T LIS BT,
INHDHAT HFa— Lo TEEL, 22V TWAITAZ AR BN T D, BHDHFEE DEL D fEI
IZOWTHEZITHIEXITIE, IR EIROMEREEZZ W T D2 LN REL 2D, £z, BIFF1 77
ZANTHIH 256 Th, /NI 2 — 2 BT T DTN A REL /2 D70 | DA
BIRN—FE B ETRFOME N 2705, fEIRT EDOu—R AT AT B LS, 2veb T L
LTI\ — DOFEIIZ AR A KENEX I RIRO W FI B3R~ FE T K&
%o FHNZ AR Y NI —ZRPLCBRES IV TNDE T TAX DRI E DT a7 7 A VI ANAERLL

- 289 -



INEZRULEPLE—RATUADNE /NS THT2O O/ MO TR, FRAT DX FAr
DB TOENIZ2 5 BB W TIEA % OE TH D,

FHERFTERENIEDND, 5D/ — R TOFHEFE RO ) — R 5 2 D5 B OHIFR I
1EFE5, FD72, —HOFHEa TRy N =2 CEENEU-EEE, RO FPHOF BT
HEITT D72 CREEA D SN DN R DD HiEDEBRNE 2 HND, K 3.2-@-2.1Z i
DT ANE R AR T, 22T, 64 /—RIZHL T Ninf-G (ZE-> CHERI LIZERITHIT
—HEFE L, FATDFEITEFIBL T D, /—ROMEEZEEL TI X AIVE—h/—FDHE
TEAEIE L7z, BUCBWTERFL AL > TSR T E T2 1L LT/ — R &R 4, — EREH
S TERISRRN ) —RIZONWT, FD ) —REVZRNSHEIRL ., 5RO TIRUWITA—2%
D ) —RIZED YT,

Node number

0 50 100 150 200
Wall clock time (Sec.)

3.2-@-2 MEIED T AR

3 FRLE R CBLNDITHIE, WD IEEBIE D PR — M A HiHIZ 7o - T | KAFBIf%R
DHLEHRINILN, K 3.2-@-3.1Z EGFR THND Fock 175 L EARVITHIOIEFMEZ T,
MHEDOPDINATHNRRIC DT> TIERERZ DAL, DA —E TR, FEFERO
FEHREL ERIASH OB TETBITAIM X DOFRIENB D TRV E N L, Frx O T
FERIZIBNT, T2 L TIZE D Krylov #4322 fiEE W TH o 7oIRLRN 28 | BT
HOHMMPMELEINDLZEN 3D o7, L, RERIVAX — 3 fRIZIEE ST IEN S G
AR TBINDITINCX L THE R CRWIENHIBA L, HE L 7ML TR S ET D5 A
b RO, BEAES AR T DIRAAENEm<EH T ed o7, Fo, ZoiErErbEln
ARBEATHITHE R THHEEZINSD Sparse Approximate Inverse(SADIEIXF DB ENFFETFE
BB H L TREIERL TLEN 0D, RITVEZITIE o7,

I'S::i_ = } - g

Rree

sy e
Rht=- S E R

Sparsity pattern of F Sparsity pattern of S
3.2-(2-3 Fock 175D I 34 1

- 290 -



ATLERIT AT 5- 2 DAVIATHNI X L CE D LT ATHISC A T A DA B D AT T8 % 2k D
TWD, ZHUZRIL T, Frex XI5 2 DN AT OERITIZ R | Z DI P THNI X35
LB TH 2RO DI IEZR R Uiz, IWEATHI DA RRIEL L Tt IEFEZO P THEO/NSWEHE
ZIEATHRay T AT, SHIT, ZOERTINC KL CBAT AR LA 18 T A2 0E
PEDE ORI THI NGO HZ LDV LTz, ZORTLERTFEIT T /v ab—2ar D lH7R
WL CE B O BN H LI 7254 R A <HEH FIBECTh D, £ D7 | DR IE T ORI
HELTHARITE BT DA EEMENDD, ITHE, TOFETIIAIENTD LN/ >7- SAL IET
BT ANA L ERIET 22 ETHIEDO @O RTHLEI THN S LD 2 EN D> TEIZ, SAL LTI
I EL, SSTEDE DA FINELHAE DL TEEEOWHIENEDND, DT T
=7 DL B8N BN ER 5L C Ol A [E A B f# LD BHF S S D,

FTALER 074 3R DA IR BB A5 AL 1 . S L _AX — BRI 2 i R I AT 272012 (T D
BEDOWWNEEEZ DA —F V7 DRHWGILS, ELIZ Fock 174TlE Nested Dissection (ND)
T =BV TN THDHZEN D3 >T2, ND A —F V7 T 5LV ) — G DL DES
TG HND, Fock 1THITIEIEFREEE N L BFONIZH 2 ITHI DL 1T Em O EIA TIE
BEFREGZL, TOTD . Tx IO =XV 7B OEFEOFHE A2 @B 35729012,
GotoBLAS ZF|HL CEITHIMEOHREEZMAE DY, @\ CPU FIHBREE, /-,
LAPACK (ZOWChiE(LZIZEZ LIz —Rz MV, KOMEREZ & DT, ZOIHBEATHIRED
TR ARG DOEDHIET, BUTHIF R TIRL/2D CPU FIH#HREmDHIENTEZ, ZIHD
FFEIEELIZ~ AT 2T CPU IZBWTEW IR AR T2,

RIFERTE Tl — R F R Krylov 843 22 AR 1E TR 72D . 22 THWOLIAT TS
ERT MV OFED i F A LIXATLER 0 A CEE L2 D, B THIOITHIARI MLVEEOFHR 1T F it o
Tty TIINRNELS A — T REETIIE — I MEREDE S — B U MEELMEDL AR,
AT AT TIEELIZZE DAL, 1| R—BURAFIZRDZELHD, Fx 1TElwrFar
B COEM L BIEL ., ~T e~ /LF a7 Téhb Cell Broadband Engine 2% %L L1~ 5 1tk
IR OBR AT, ZOEAMMIPA L7 a2y Iz 0 ThF vy =2OF| < SIMD 45D
EH7eE, ZL<oIamatEaRio, E<IT Fock 1T8IXBRTTHI LB O IR IERERETHY,
F & 132 % semi-sparse 174 EREA TS, Bl BLAS <° LAPACK OFI ., A—& V7LD
MABDERELLHETY Ty I O ST,

@ EHMEZED DD DOH

Block SS £ TITBE DAL RT MK T DN — IR G BLILD DY, ZHUIXL T Block
Krylov #8353 ZZMEN A ZN CThHHZEMVHIA LT, 2O 7RI 5 22 M K ABE O R A & 75
DH TR ATHDO T =X OFFHEZ SO RLHY, ~ /v TF a7 FayHIZBWCiisl)
PEREDIA] FALT-6T, v L FaTl Vi A— 8 —a ¥ a—H 3 T ER e ir o722
AHTHY (2L 2 1F T2K-Tsukuba 327 A% 2008 4 10 H 2 —#%F I BA#E) . A CREST 7=
JROHBN TIEX IS THIENTE ol WA — R—as B a—4% /R4 2 7=V 7 —
T ORILHWET S B OFREERD,

SS IETIXERIFE S DT=8 DFEST B DR E DM ETH D, Block SS-RR {EDEE . FOWHEIZ
10—50 AR E OB G EEL Z Lo LG IE T D, B2 E A E 52 2 BT720 03 HAHFREE
O EF DS ARE RN E THD, FMO-MO HEEHABDELEAITIEL, FMO ENLEL
BEAENZOHEE IR TES, Zhae VGl 472 5 Dl A E% & Te Envelope 242892,
WOND 5y FHTE R RAZ IS T DEE SRS . FMO {EO#E R W HEE &SRB IR D 7= [
HEOEIT. 1 DOMHTVIEIE 1/2-2 fFFREL/R->TEY, SS IEOFHEIZIZHy ThoT-,
3.2-(®-1.1Z Envelope Ak EZFDiE RELE LI-H O T 277,

- 291 -



Envelope:

Circles:

MIW'....‘.".'...'

3.2-@-1 [EA AR 7 HA TR 47 B ROE

BARE LT[ A AR IEY 7 vy =7 2 510 — ROl A M EEL TR T 28 A 121X,
FMO-MO ¥ED XA DOHEE N FRNT DI EE AR T TERW,, B EL
(Algebraic Sub-structuring, ASHEIL. 178D A—Z V712 L>THELNIZE & a2 R A 35
[ G B AR — R DS s 2 AL 9~ B 7 D L RS B L AR S i AR L S 4% T B, Fock
TN DB AT EFEEENZNDIZEDOEETIIZO AS A ERICFE T TER) T, L,
I RATHN AR L CEIUCKIL Gl T 228 CRsRICEH R T AN A[REE /o T2, D HIEIT
Ko THRONT-BHMESAHEEPOHAEEEZTTIE FMO IEORERE W56 0 X0 E g
JECHEEZATHOZ LN A[REE 72 o T2,

AS JEIXRERO A HEEZITHODIT TIFRNW 20 HOMO-LUMO DAL IXZ DO F1ETIHED
IR, BB SR D 7= B A A A HEE 12T HOMO-LUMO DOF vy 7 5.2 H1-012, 3
N_RAZ—EVER A5 A U, — AL E A R 69D [E A E O R RN LA O/ NN B SR
ZHEATHEHLFIEEOMAG DEIZL- T, @mEICHOMO-LUMO OF vy 7/ 2 HEE T 5L
MNR[REL /2T,

BEDBATINT — X Dt A Fr~D X [ I G U8 — R F R LR DB IR 1
BOFTLERDRIN/RE | V7 =7 R — VL CIOILAMZ @D 5120 DEFEDTA 7TV
FAIAATE,

PLEDEFAIC I | A e AR ORRE L0 B3O R VR FIEOBRF IR LTz, ZhHDH
BFHEELECWHN T 0 s T LD FEIEEIToT-, bR R R D5 BAR TS A5 D HUE I DS
LU THE A SN TWAZL R E(EGFR 8 IR)Z %% L L . GFMO-MO TELNIZITHID
HOMO-LUMO 5D E A 5t 2K 6d 72, 43 F i (ot E) 96,234 T, 118D IEF EHREETH
5{ETdD, PEXHIFD AIST Super Cluster = TOMERERHE T, X 3.2-@-2.1ZR- 9 L5112, 128 /
—R(256CPU)T 94 [E A %1% 602 FH TRDDZENTETZ, ZDLE | FHEABBEOITHT —2 DT
17— RF vy A% IL. Rayleigh-Ritz 7B AFE T/ —KBO@EEIZITo T, o,
Rayleigh-Ritz 7’2t RIS\ ThH 16 /—R (32 CPU)D/INT N —T R TORIIBIEZITV, EARDE
BB, BN, —RFFERITZENEN 1 /—R(Dual CPU)T OpenMP % JHUNTHE V-,

ZOFAEFITITHOMO i, BELUMO i OFENEIUC 4 DT DDA R EL . A EF
TOFEMNS THED 8 SOMEIEEL TWD, KB HI0I 6 Tl 7T FEOFEIROFHE R AKX
< MDOFEIR A Y LT 7 FAZ PEITALEL A4 T LT D, — %I LUMO &b Eo=x ¥ —7T
IR RIFRIA K EZLRDHEA N HY  ZOFDEHIZ HOMO L & LUMO X0 _EOfE A [FIREZ
HETHEO—RARTUANEL /2D, 277U ORI A Y U727 T AF T T OFEI D B
DR T ZFFOMLTI/RN =0 | HEMEIRIIB T 220N T& | SHREEEROF AR
I TIERERRIELITRS220, E2, ZOBITIET N TORE D FH R 2 R BRAA L2 A3, FEiE
LIRS H R CEDR D . HERAEE IR N 2SN L ZADNDIEICHER AT HZEL A RETHY

-292 -



BT RTOHBEMEIEN 22 ETRHEOMLETR, TR AK T EOREREH S THS,

Solve Rayleigh-Ritz
Broadcast linear systems rocedure
A Yy . p .
VAR
0 I \ : I
£
< 1
a2
g3
2 4
<5
6
7

200 400 600

Wall clock time [sec]

3.2-®-2 R

0

TR T a—= TN TETCWRVEBETHLIN, BT Y 7 vy 7 2FHA LT
T2K-Tsukuba A7 LD 32 /— K (512 27) IZBWCHAELZE X, ERRoOMEE 1/3
BREOEM TR EENMEON TS, 20 X 4/ —R$Tox 1 FYutrd LTHET
LTEY, 32 /—RI_NTHZEL T EERFOMET R, £72, RODIEAHMEREZ S HIT
R L & &2, 20 U THEBZ T2 Tn T, K0 Z2HoERE =7 %
FAWTZFHENERTX 5,

(QBFFERR R D4 e Wi FFS D50 e

KBSy 2 R E LT FELE R R ICB W TR ML Ry 7 D — D> TH DRI LT, 4y
WU AEREIREZ AR T2V 7 by =7 ORMNER TEZ, $-, Uy RRETEV
BhER AT E A EARESOOTERITIFT OB LR EE R It 22 8 Al e o7z, L
SRR B A TR E L T LIV R LB DR RS- A ER I I E TIRESN TR
. FOMMAMEITEV, Fo DIl — L ar THRNAREA %LU T, iEEERLT
LD DB FEOEMAFEL TG, BIRSN-Y 7 o7 d, 2R NEETH 1= i D 4y
FiRab—Tar~OFHANRKIFRFTES,

7V RERBEZ A INIHI AT 2720 IR Uiz TIEIE, /NI T 252 245390 SR L CR MR
FHEEITOZENAREL 2257280 I THLELS OB RO Il — a2 NI B W TH AN KR
ICTFIFDZ RN SND, IHIT, 7V REREE CHEREZ IR T D IR SN A T RIE, &
WD ARE Ty 7 AR RO L 7B FIBREE IC B W T BV AT —ZE T R TSNS,
Fio, FHERFTERE W LD, H5/— R TOFHEERIMID ) — R 52 5 5B H e\ i [
IZIEFEDT280 —H O HEa TRy N — 2 ENA U LE, RN FEPHOFHF 2T FF5E
T3 271200 CRIEE DB S DN E DB D FIEDEBNE 2 Hd, A CREST 7my=/hk
HIRIN Tl BRI EN D IR CE -~ A TF a7 T at oy ~DRHT TER D> T208,
AR L= FIEOL ORI FIEECT vy 7bizL DT — X FAAMEIX, 22 THHEMER
FFTED,

SS HETIX 23T A—Z LT BATHIBER T (2) = 2S — F ISk LTRSS &21T > Cb, 2O
SRR LA X Weierstrass OFEUEIZIC SN TS, IT4E, Smith DIEHEEZZ X A2 4T -|_(Z)73§
FO—IATHN SR OG A ~EHIRITIRIE CEDZEAVHIA L=, S51T Global Smith 52 H
5HZ&C meromorphic function ~EHETHZEG AIREE/R D, E D728 SS AT — Al [E A fif i
DI TR IERIEE A ERIEOfREL L TH EILFRTRETHY | Newton VED LH72 W HME K A7

=293 -



L G2 5NN O T R COEAEE RO HIREL L CIMIcIEE RV iRETH D, FE
R[] A i R B SR 5y T R OB AT . RIS 2 L — a2 W TELIL,
BB ORI END,

ARFZ2 L E A R WD TR PEDE O GREA T > TWND T2 | ZOHLSE T34 B~
D SNHNTRE, KORHBED 73 FHEFH R ~O@EHITH X0 | FER[E K OFREHC B #)
H7p EOURENIRNT . FrElF A PRS2 CME AN B C ORI AN S VD, A CREST 7By =2k
TR LY 7N =T % ZOI5 il ip=— A~EALANNTIE AL WIS, 5% OE
PRETHD,

A CREST 7 u¥ =/ N Cxf&E LT Fock 1T41%, fERESAFZES N CETZ2EIEH TR E R L
IpETHENDATHN L DOWHE PR EL R Ip > Tz, D728 Fock ITHIOMEE DT HHhR0
T, ZLOFROBEHZRIEPAR TDZEL7m-o72, LU, ZNHDER Ty FiE s H72
T DI A~DIEAL RNEEN22HD, Il I —R T/ Fa—TDvial—v
22 CHANAITHNT KT L TH BT AT LI A T AN AE BT IE D A MR DS iR S L CD, FT2,
Ty ZLEA A QCD 123617 2B i CRHE R R A5+ S — ' U M 2 R 12
e ole, FEZEME EEPLBIBIED SCF I TR A UG 3578 O A 22 O 3R
EIZFIHLTOD, ZAUFEFEHAT OB RO R h RO REZZRL TS,

ATy NCIE, o FHUEREZS G EL THBO T VIV R L% W7V Rl Bl %
T 5720 ZOXRET 255 B OB IR < BAEFENT 43 By OB 23 L RAL PO AR
PO OMIEE EOBREILRWG I BRN AR A R Th o7, T, TuaP oI NIEbo -5 T
F7E B0 K2R AR R SCEAE AT O iR OB 15721 Tl Uy R Hi eIt Sk,
TRy T FEIEDO T OFHEER T FMO #£5° FMO-MO EDO7-OIZ0 B2 b5, SO AL
L COAMBLFEEN S TE A3 B O 52 SAEI CIE B3 2 B2 sk e B 2D D 28N T&
7o ZOIH AMITHEDBENZ BV TREMICAELTEY, FHREBESBO AM B RO D
HLRERERECTHHT2EE XD,

3. 3 MM KT ST —T
(DAIFFE S0t N 25 e OVl R

SN V=T ORI B X7 a b O EMEEZ E LT 7 EMC MO £)D FMO JE~DE A
Thb,

KFFEE R BN ORFBBBI G2 E | < OFEERGE RO 0 &1 1B
OEEENFERHSN NS, FTHKREMEEAZD)DE WG EEZI RM AR RIT, kFE
FE AN EIEREE A S TWDZ L B 8 D ARy T OBSRERRIAC 1) T, K3 BHAKE
B R PEREE DR ENEC UG, TRIBE(H,0 X D,O)E DA EAER IZB 32517 F2BRIT) 720 iR
WA TS, LINLRNG, BEOH AR FETIE, FAEOBEF I REZEREEE TS
ZLIIREETH D,

TR 2 13, — R IR EN B O a2 B 721 Tl BEOBW T o R0F 22— a7 s
D57 RNIERE LTZ 2 5853 57 FHEMC MO)EZE BT L T D, 97 ClZ, 20 MC MO L35
S MO ETIHEVROWOREECH-T=7 by 7 a—har O & -PEOEWRE X 23 %0
SERA TR A5 FeRo 3t FE B P RN AR SR D FRMTIZ B B THHZENIREIINTND, XL XT3 E
DERNGY FAZB T DRI RO 2 FBL T H72D121E, MC MO JED KBSy - RI1T%F
T PRV METHD, £ THA L, ERDFRITK T DRINARZ R BT EMESLIZ AT T, 7
T ANy FELE (FMO)¥EE MC MO HEIZHEE S W2 FMO-MC MO ¥EZBIRLTZ, &5
FMO-MC_MO {EIZ L5 E &7 R ARGy OB A& RLE 2 T, % LB S0 (DFT)
IZED SR FAEFHML 72 MC_DFT {EOBFREIT T, £z, FEREE R USLMT FIED
WL A& HIIZ, OB E ZBIC B B LT, 20 1 ORI LU RO M E £ DR T4
DB EAT T2,

[FMO-MC_MO JEDBR% ]
RO TaNIAT L TR F 727V R~ —IZk4 % FMO-MC MO #HH Ti,

-294 -



MC MO JERIERIC H/D EHUCFEOREEZA L E T DI ENTE, Tz, KBRS DEE A
7757 A MR EAEA TR LE—TH L0 D DIFHH/NEL, AR BRI > TKRE/BEEAN
<72 TCNDI Do T, Fio, RISk T2 KBS BE # 2 mi ) T Fig.l 1R L72dD
27 abhy s T 2— b A% 95 GTF IS E ENDHUE R, BE OIS DU CRERZR AT 2 52
1TL7=

=1
jd

= M Deuteron
= = o
& S
" Lax] " oo
: E:
- m.
— ol = 2
-0z -0z
e -0z
03 -0z 041 00 Q1 o0z o £3 -0z 01 00 o1 o0z o3

¥ axis [Bohr] ¥ axis [Bahr]
Fig. 1 Distribution of protonic and deuteronic wavefunctions,

[ £ iy FE LB R EE R (MC _DFT) D B % ]

MC _DFT DBAFIZF T, Colle-Salvetti L DFHEIEI DO BT NE IS H LT, FRIZE 1 —
KA BE O HLAE BN BEIER D B 21T o 72, T OFHILEE M E H WA Z8IZIY, /Ny FITxfL T
FEEH AL BB T LZEICRIILT,

[0 &M% BB LI BROERUE S O FIEO B %]

X BfE SRS REAT I, X T ORERETEE L TUASE R LTS, L LG, FTEOX
VR TEDOFERAEE S TR WA NS, FfEf T E VORI R BRBE TSR D& E
2720 TLEIEVS TN DI TS, — | R IEIB(NMR) 23 AT A RNITHRD T
ITWEREE T IZR W T T O E IR EET A5 FIETHY, ITFONMRIEE O E R EIZfE-
T, X B A AT LR B IR T ORGSR EVEE L TR KL TNA,

—HEBIINMR I FEIENBIFHND AT MDA 2 T T 572D121E, IV 7 RReA
E Ay TN TR TR ID | B RHY | 5 AR RE S & L DRy 17220
KU TIL, ZOMEZEITRD TEMEN D INEEIZ 725, NMRAXZ LB EZ T 5 5EEL
T, BUE, REDGT T oD FHERHD, TDO—2FT —F_X—RA% W DHFIETHD, BEIC
BENRESH TCODEE T — 2 L% T ANMRARI ML E T —ZR_R—= 2L L TRE, 20T
—AR—=AE BT HHE T WEDRMDZ L 7RG DODNMRALT MLinbE G Z T |45, 2
DOFEITIER LTeZ o NI EORIED, T —F _X— AR ERE D 3 1 L D& RO %A
(ZIE, BV CREE 2 T IITCE DA, RO I L T PRIMEREME FLCLE &V
STEERHD, I — 2D FEX, 8RR Z H O IZNMRAXZ ML OB T HITH
%o G T OREKEE Ha B T 5720 O FEThH gauge-including atomic orbital (GIAO)ER
continuous set of gauge transformations (CSGT){EIT., Ff 4 D A0 B IEOR B INLEA B a2 F
T HFICRY FEEPRINTR 53 IR L THRE BKNMRASZ MV E RIS 2513 A iEL 7D,
F7-UT4FE, Q.Gao, S.Yokojima, S. Nakamura 522> T, FMOEZ VW TNMRA IV 7 ha#l
FRAZIRNT D FIENB R SN, 20 R E 2RONMRANY ML AT 55 /T REIZ kD
D85,

— 5 BUEIES WS TWANMRANRYZ ML O BRER RN TlE, R A2 S ER e L
(Born-Oppenheimer #T{El), 41 fc i (b2 &> THREOL N EEBLE O F C, Z2NE LD 113
VEDE RS EH LD, L LRRNBI DL T 7 a—F Tk, T2 @k 72 TRk
AW ELTH, — IO SEBR A & e U CRE SIS IUE B KL CLEY FR O TE
D, LVEFEERNMRAXRZMLOFRNZIE, IBEDRSLE TRV R B & DD
| OREZBE LT R fRT D L B LD, RO FEHE | 5235 [ LT RO &5 D

- 295 -



FEMT FIEE LTI, ZNETICRBEE DT 7T A aiERe, 5 2RO RIENREZZ E LT
FERIRREN TS, LDLERSZ L IEDLHRE RS FITRL T, ZHOFEETE i
THHEL, BITEOFEHEZ AW EL THOBLIEMICREETHD, 0T O FIESARE IS
Born-Oppenheimer ¥T{ELD F THLNIZRT v/ X —ihi BIcB W T, JR O TS
T O EERVIAT TIETHY | MR E S 3T DT O BT B2 i3 57=
D2, RO & L Z TR IAA T BRI FIERNLETHD,

FZITARMIETIE, X\ VEREODBE R IR L TH, A EEOFRLE DO REZE LN
MRAAY ML O BRI ZEAT TEOMESLIZ AT T R T O & T2 RA2 B E B LT 1 D
SR E B DOINT T IEZ B LT, BRI LI iR, ZRETIZHR 2 3BZ L C\d MC MO 1k
I, BRI E OB H 715 THD GIAO B XN CSCT IEEMA S DETLOTHD, KTiE
12D, Hartree-Fock EB IOV EINEEEEZHWT, R OB FREOEZEICE B LI-HR
R EE OB N AIREE o7,

BARL7=FiE2 VT, Fig.2 IR T KO D /Ny 1Tk T, B E £ L OV 1O

2, oo oo oR

CH. H-0 HF LiH NH-

Fig.2: Test molecules

(LR AEMEAT L T2, Figure3d 1%, ZIHD 7T ANy (HIKEDR) IZxFLC, Hartree-Fock k&%
LBI%EE GBS B3LYP) IckoTEBN-, T ubr bF a—hay ORGSR E i E TR
REMELTHEILIEG & Dk EL T ey b D THD, 2D Fig.d b, 7uabh &+
FIZE D FIZED  FEEIRICE > TAET DMlE DS, REMITRZ AW 5E L LT
INEL T2 CWDENRDND, o mhr LB L C2E0E Btk A FF > T = —ha i, R
KEVEE5 2 TRY, 2T > CTET D E T O BRI 5 D IEE 72
N R DOIFEERETDHLDTHD,

By Hartree-Fock method By DFT (functional: B3LYP)

H-Species (CS6T) |

| .': L | {o H-Species (CS6T) |
: x H-Spec.ies (6IAO) : : x H-Species (6IAO) 1
. 0984 1 ¢  D-Species(CS6T) | - 0984 1 ©  D-Species(cs6T) !
z 12 _ _ D:Species (6140) " : X D-Species (6TAO) 1
Q t ] STTmmTTmmmmmT 5
(84 3 A t
_ - 3
%) % F S
£ S : }
0.94 ®
r (3
g3

o
¥)
N
1
B3 ¢ '»
0' 'a

o

\O

n
1

0.92

CHa H-0 HF LiH NHz CH4 H20 HF LiH NHs

Fig.3: Ratio of the absolute isotropic nuclear magnetic shielding on H/D

F-FRR D RN ARRD R, 2RISR L THLENDE N o 7=, FigurediX, CSGTiA
\ZE o THELNT=T ARG 7 (HIREDIR) D53 TRt % T B miir e W= E Lo LT
7y L7eb DO THD, 2D Figd K0, BEOREFHFIZISTHFRALRITMBHESILTWDEN

- 296 -



D, FeBTOTANMFFITH LT, DIRIIHE LD ORI NS00 B R 2> TRY,
55 SOBEI B B D IR LIRIARIZBAZE 2R RINLAR R R DE L TO DD DD,

By Hartree-Fock method By DFT (functional: B3LYP)

o AT —=-= —---T= 1054 A0 oo mmmmoo___ -
1.05 1 : > H—Spec?es (€s6T) ) Ao o s H-Species (6T ! o
1 ‘?_ - 9__529‘5'55_(6_5_61)_' I 1 : © D-Species (CSGT) 1 I
. - 10494 000 TTTTTTTTTTTTT -
J © >

é 1.04 1
[o]
O (3 o T 1 A o |
22 103- 1 - 103 I -
X 102' \4 B 102_ O -
L ] g |
1014 Y | 101 i
| el % -
CH4 H-0 HF LiH NH3 CH4 H-0 HF LiH NH3

Fig.4: Ratio of the maginetic susceptibility for test molecules

VL ERUTZEE D BRI I 3255 T ORI ISt T DR AR BT, 7 ehe T =
— R DOZEMBIRIR ) DFEWZE> T TED, T a—haujd7 e gL C2fE 0 E &
FEESTERY, LIER> TEDZLEMAIRIENIT T o b J0b < s, T3, A RO TH
W/-Hartree-Fock LUV CmibEN=7ar o bFra—rar OB isiit. #nEFn
g=24.18 £ g,=35.62 THY | MR NI RERBIEFE A Fio7o 7 2 — b id, 7mho L LT

ZEMFNC LV REL TWDEEZEKRL TS, ZOLIRFF DO ZE M 5540 DEWI, T DRI
B DB AN REREZE RITTENMONTEY ., s AICIERELL ThD 7 ki,
T a—har U CE S E5IZMTB T 0355<725, D72 T 2—hal (b LR B M T
LA LI LT, 7R AT 5 SN ES  D OB L R T HHITL - T,
SR AU AT D N E MBS AL, FE R E L TR DU AR D R 55D HID,
Figure3 |ZRSL TV D7 by B3 1T DR KGR E S DWW B L OV H/D R Zh F X, 2Dk
VLS THELTEL D THHEE Z DD, FERIZ, JR T OIERIEMEICE R LIZE 71o%)
T ORI 727 — a5l OIR FIZE T MBS k2B 7 OISE MEESIL, 2D X572
NFED Figd IZBWTORSIVTND S TR RIZBE T D RN AR L THBIIS =072 L%
265,

ATFAEIC I > CHER RSN TR i e E ok H/D [\
PAARZDIIL, BT PR IS BT D R 72 E IR RE O 22k L K]
THHDTHD, LI23 > CZDRNARN FITA B f#tr LI/ Ny 1
72T B TEDIS AR E D FIZB W THRIBRICAET S
MR THLEZ ZLND, FF RAFELR/NDOERSFO—DT

b7V M LI E A, Fig.3 TR LR R E £ B o
4% H/D RS RE AL FRED B A 1552 LM TET-, Fig.61% Fia.: Glycine

TV T ND3ODEM7 T aky /T a—bay ORGSR E
BotE7T oy L I2b DO TH D, BRI EE %92 H/D FNARRY RO /R EE L, 7Y
VLT RBWTY, Ny E AL BICAE B O [RNAR S RN CTODER DD,

- 297 -



By Hartree-Fock method

o

0

®©
1

0.96

0.94 I

0'mc/0'conv.

________

© H-Species (CS6T) !
° D-Species (CS6T) |

By DFT (functional: B3LYP)

0.98 1

0.96

0.94 1

Hl

HZ H3

© H-Species (CS6T) !
o D-Species (CS6T) |

Hl HZ

Fig.6: Ratio of the absolute isotropic nuclear magnetic shielding on H/D in Glysine

MR DA E S NDN T

AW TIX, BRI FR G FIZBWT, 7ubhr B OB RN G258 8% A3k

I LT, 612 DET ~OISH, BERGERUES W7o B B2 R 320128 LTz, K

WFFERRRC LD | RTFEB & OFERERE 0 DR LT LB 2 HNHD T, 5 %ITER R IEE L

OIFEFFE /2 EZEL, LV EER DR EEFEITT D, FrCER NIV TIE, KFEREA. K
FBE)GNF— LR DA NN DT, KFBED IR G Z—7 v MILTNEZND,

§4 WFFESME

H3

OEEZLV—7 (1)FMO-MO O BHFE
(2) FMO-MO 2B 7125 5 GEMO-MO DB & 2E4f
(3) RT ¥ VIHEE AT BULER S AT LD B %
K 4 ir @ e Wk WHETE B N EA
: W E e . - i
O |EIBER iiggﬁ%%ﬁ;% TETER | IR H15.10~H21.3
. PEFERIMTIREWITETT | o e i | s 2 e -
-2 . o = i IEDF R .10~H21.
NAIIEPS e KEWEE |HBEHETFIEDOR H15.10~H21.3
e PEEH AN R A ZEFT yom | GEMO-#3 - il ik D N
i FH 72 L et B 8% GFMO-MO o | 11510 H16.3
e PEEF T S WL T o | GEMO— 2 « 22 i 1 D
* | HEH 72 SRR SE R CREST #5928 B35 GEMO-MO i3 |116-4~H20.11
ST —
* |JEBRFE ﬁ;ﬁg&%ﬁ?ﬁ CREST #F%E & | GFMO DB 3§ H16.12~H21.3
57 ) s A7 ‘
* | o ?ﬁggg}%ﬁ;ﬁ WIesEBh e |[FMO-MC.MO ®OBE%  |H15.10~H16.3
E /;A(‘{é\‘é[\ 7‘24 =
* | AL FEME ?ﬁighﬂ%%%ﬁ;% CREST #f%2 & [FMO-MC_ MO ®BH%  |H16.4~H21.1
. JUN KRR T a7 o
o= A — ~
e T e D=t FMO-MC_MO D% [H21.2~H21.3

- 298 -




ity 8 I — ?ﬁ%%;fggﬁggﬁgﬁ@? Rt 9E 8 | GFMO OBH% H15.10~H16.3
* |l LE— ?ﬁ;ﬁg&;‘%éﬁ% CREST #7E8 | GFMO D Bi% H16.4~H18.2
iy B e — ?7}!3@? jéj";zmy% WHIEE GFMO D% H18.3—H21.3
Y& T %éﬁhﬁgﬁjﬁ?% ;f; R PN H15.10~H21.3
migir |7 e | SammiiEomat | H1sa-H213
KA |NEC ELREBREEMIZET (F7EE R R TFIRORRE H18.4—H21.3
* UK i iifgggg%ﬁ?ﬁ MBI E | GFMO OBA%E H20.5—H21.3
AR ;igik?ﬁ%ﬁi M2 FMO-MO o % H16.4—H17.3
| FFHEJIREB ﬁ;ﬁgﬁ;ﬁ;ﬁﬁ;ﬁﬁﬁ WFZEMiBh e |FMO-MO DB H17.4~H18.3
* | HATEF ;iﬁ;jiﬁﬂ%@? WFZEMiBI e |FMO-MC MO DB#%  |H15.10—H17.3
QI N—T" (WRIEICID —ACE A ERE O fRE A AZHTE DB 5E)
K 4 AT & &k e H 2N 4
O |mrarm | FEE PR B RilEOM%E  |HI5.10~H2L3
st |EOEETRTE e (wiersomi |mza~izs
w (gmapma [0S B | ERREOBEL |15 1I~HI83
* | ZHEFEA gﬁ;ﬁﬁ;ﬁ;;ﬁ CREST WF7E 8 | AR fRIE DAL H18.4~H19.3
EZELEST-UN iﬁ%ﬁkﬂ%%ﬁ BhZ# RAGFRE D #4L H19.4~H20.3
EZELST-IN iﬁ;ﬁﬁ;ﬁ;;ﬁ Bh# RABFRED AL, H20.4~H21.3
i FH L = ifé;;;?;;ﬁ M1 RITALERYE D BR %8 H16.4~H16.5

- 299 -




FL R F R F B A

* | [ IS S TR WrZEAB B | BiTALBRIE DB %S H16.6~H21.3
S Kol L T A ERES I
A NE-F- gﬁ;ﬁﬁ;ﬁ’;;ﬁ M1 AR IE DAL H19.4~H19.9
w [y |8V B | ARREOSEL |H19.10~1213
« muginy | RS PREESS ariin, |sspsomR |H20.4~121 3
w rmsise | PRSP IS e, A FEOME  |H20.4~H2LS
* | 1LIEE B iﬁﬁ;;j;?’;éx WFHEMB B | RTALER LD B S H20.4~H21.3
* |F BEA iﬁ;ﬁﬁ;ﬁ;;ﬁ MR |7 mr T L1051 H15.10~H16.3
4 BE DA NS WH9E 8 ATALERIE OO BR 7& H16.4~H17.3
« [mgekns | FE PSS s |7 masie H16.4~H17.3
* | ks A fﬁ;ﬁﬁ;ﬁ’;;ﬁ WEMBIE |7 mrZ 20 51E H16.4~H17.3
TR A iﬁ;ﬁﬁ;ﬁ;;ﬁ D3 PATA N4 H17.4~H18.3
ARIRSE iféfﬁ;?;;f M1 A=A AN |4 H18.4~H18.5
* | ARG iﬁ;ﬁf;?’;%ﬂ WFEMBIE |7 mr 7200 51E H18.6~H20.3
/INHEREA gﬁ;fij;?’;éx M1 AT AN 2|4 H17.4
* | /NEERA ABRERFREY 2 eI E |7 vs T 251k H17.5~H20.3

7 LE R TR

@I —7F

(Fabr O EMMEEE B LT 7 1HEMC MO )0 FMO E~DE )

K 4 il % % e E H S NE ]
O L BT S R P RFE | 4y . .
N7 gl e A LT ¥z % 1%4y 5% FMO J:D B3 |H19.4~H21.3

- 300 -




. L RN T VA N S N A o | 25y 5% FMO % v
%k y - . = S e A~ .
T e aseemen [OOSR e e HI9.4~H2L3
iR A TRV NS N o= |FMO IEOT —2 BT
L0 2N P ~
* | HIEERT e HFEAHBL B TR e H19.4~H21.3
BRI TS KRR | e | SHOYR FMO B2 I
* ) . . JefBh B e A4~ .
FRINAIT e o pozprgerr [P OCOR |0 et H19.4~120.5
BRI ST KR | e [ SHROYR FMO B2
* |85 N . 3¢ =i e A4~ .
R [ e L L Py, H20.4~H21.3
§5 WEEL/-HFFES
K 4 (Frls . 50 HED B TR T 1] ]
Zhaojun Bai R IR THLRIGE R | FERMF, FUK R 17T H 11 A
(BT H V=T K, F{ED Joint Workshop on 29 H—12 A 7
H¥%) Computational Chemistry H
and Numerical Analysis in
2005 (CCNA05) T
K OHER R TR S AU
% RIMS W ZE5E = T Ddi
{8
Martin H. Gutknecht MIERETHHRIEE L | PERATF WRL1TH12 A
(AL AR TR KT, BdZ) | EMED Joint Workshop on 2—7 H
Computational Chemistry
and Numerical Analysis in
2005 (CCNA05) T
Chantal Daniel CREST O KA 5y 74 | PEARMF - F5 48 K - | Rk 18 4F 2 A
(VAR — VRS B [JEFH R 7 2 77 LB 5 O | iR dbR 27 H—3 A 11
A=) R EISH T D728 D % H
DFEIZET OIS
Aoy e, @HS O
7
Peter Arbenz F— LI F—TOEE | ERF SEEE 19 £1AH
(ETH Zurich K%, #d%) 16 H—1 A 19
H

§6 MARRE
(DIFH R

(EWNFs0 8 19 74, EEE (B30 56

FREE—, MEMZZR, JERFEE, BEHt, RIBE K,
FMO-MO ¥EIZ 55 KBy FiE G,
T AP P 3 CEE 2 B a—TF 4 7V AT A, Vol. 46, No. SIG 7 (ACS 10), pp. 44-51, 2005.

TRELE—, MR, R, S gkt, RIBER,

- 301 -

58 1)



FMO-MO I %jt%%% DFEERRE — RS E A E I E O RS —,
H AS B 43305038 . Vol. 15, No. 2, pp 169-179, 2005.

HRRMEOR, AHEZY, HEEZZH, MRS, R e,

o3 F-BE FH R R AL LSI(ERIC)@F%%J%E

HARaVE 2 — b4 # CEE(Journal of Computer Chemistry, Japan), Vol. 4, No. 4,
pp.155-164 , 2005.

*ﬁﬁﬂ?’“ﬁﬂ feEfE—, KHZEW, RIgER,

o ELER R %fﬁ;ﬁr 1%0)71&’)0)77]‘/77?§U§E§U§Jr%7ﬂ/ﬁ9fb0)Fﬂ'ﬁ?‘\é,

HARaVE 2 —2 b4 & CEE(Journal of Computer Chemistry, Japan), Vol. 4, No. 4,
pp.179-188, 2005.

Takayoshi Ishimoto, Hiroaki Tokiwa, Hiroyuki Teramae, and Umpei Nagashima,

Theoretical study of intramolecular interaction energies during dynamics simulations of
oligopeptides by the fragment MO—Hamiltonian algorithm (FMO-HA) method,

Journal of Chemical Physics, 122, 094905, 2005.

Takayoshi Ishimoto, Masanori Tachikawa, Hiroaki Tokiwa, and Umpei Nagashima,

Kinetic and geometrical isotope effects in hydrogen—atom transfer reaction, as calculated by the
multi—component molecular orbital method,

Chemical Physics, 314, 231, 2005.

Takayoshi Ishimoto, Masanori Tachikawa, Hiroaki Tokiwa, and Umpei Nagashima,

[sotope Effect on Hydrogen (Deuterium)-Absorbing Pt Clusters Calculated Using the
Multi-Component Molecular Orbital Method,

Journal of the Physical Society of Japan, 74, 3112, 2005.

M. S. Petkovic, T. Sakurai and L. Rancic,
Family of simultaneous methods of Hansen—Patrick’s type, Appl. Numer. Math., Vol. 50, No.
3——4, pp. 489--510 (2004).

T. Sakurai, H. Tadano, Y. Inadomi and U. Nagashima,
A moment—based method for large—scale generalized eigenvalue problems, Appl. Num. Anal. Comp.
Math., Vol. 1, No. 3, pp. 516523 (2004).

T. Sakurai, H. Tadano, Y. Inadomi and U. Nagashima,
A moment—based method for large scale eigenvalue problems, Proc. ICNAAM, Chalkis, pp
333-—336 (2004).

H. Tadano and T. Sakurai,
A method for avoiding breakdown in product—type iterative methods and its behavior for Toeplitz
linear systems, Proc. ICNAAM, Chalkis, pp. 384-—387 (2004).

WNEIRIE, 2 HEE A, B, GrEReE =],
Shifted Linear Systems (2%t 95 Krylov 8145 22 W S A8 12 & [ A fE R ~D i
s BSR4 56 S0ER, Vol 14, No. 3, pp. 193-—-205 (2004)

IBEEIf/EQy /J ﬁ% Eﬂl%iﬁ/\,

- 302 -



2 B FEYEE 0T AOPERESEAMN,
HARaVE 2 — b4 # CEE(Journal of Computer Chemistry, Japan), Vol. 4, No. 4,
pp.175-178, 2005.

s fE—, fex K, RIEER,

Partially Direct SCF &M EFFAM,

HARz P 2—#{b%% #3305 (ournal of Computer Chemistry, Japan), Vol. 4, No. 4,
pp.189-196, 2005.

Koki Tsukamoto, Toshio Watanabe, Umpei Nagashima and Yutaka Akiyama,

Hartree—Fock and density functional theory calculations for the reaction mechanism of nitric oxide
reductase cytochrome P450nor from Fusarium oxysporum,

Journal of Molecular Structure: THEOCHEM, Vol. 732, No. 1-3, pp 87-98, 2005.

Bk, ZMEFE A, FINEKER, EEZA, AN, RIBER, S —, HHZ2H, )&
B FE I,

KHFAELE A E B O master—worker YN 41 g%,

& SALER 222> ACS 3 3CEE, Vol. 46, No. 10, pp. 1-8 , 2005.

%2 HEP N, Bk,
Lanczos 72t ADYAHZ—RNZ LD CCS IEDOETEL,
H AS B 43305038, Vol. 15, No. 2, pp. 85-99 , 2005.

RVEHE ., Bk, RE &,
PG -HE T 9 R RE L 6 9~ D AR L O R =54,
HAS B 2330 U3, Vol. 15, No. 3, pp. 483-494, 2005.

SRR, R, (FERAER], Bk,
Pade ¥l % FH 7= B0 25 A4 BAZ 5 D Arnoldi 1EIZ DK 3,
H AS B 2330 503, Vol. 15, No. 3, pp. 495-300, 2005.

H. Tadano and T. Sakurai,
A method for avoiding breakdown in product— type iterative methods and its behavior for Toeplitz

linear systems,
Appl. Num. Anal. Comp. Math., Vol. 2, No. 2, pp. 254-261 (2005).

Y. Lu, T. Itoh, S. Itoh, T. Sakurai,

Improving the accuracy of numerical conformal mapping by Pade approximation using the Arnoldi
method,

J. Inform. Comput. Sci., Vol. 2 No. 2, pp. 289-294 (2005).

T. Sakurai, K. Hayakawa, M. Sato and D. Takahashi,
A parallel method for large sparse generalized eigenvalue problems by OmniRPC in a grid

environment,
Lecture Notes in Computer Science, No. 3732, pp. 1151-1158 (2005).

T. Sakurai, Y. Kodaki, H. Umeda, Y. Inadomi, T. Watanabe and U. Nagashima,

A hybrid parallel method for large sparse eigenvalue problems on a grid computing environment
using Ninf-G/MPI,

- 303 -



Lecture Notes in Computer Science, No. 3743, pp. 338-345 (2006).

Takayoshi Ishimoto, Masanori Tachikawa, and Umpei Nagashima,

A fragment molecular—orbital-multicomponent molecular—orbital method for analyzing H/D isotope
effects in large molecules,

Journal of Chemical Physics, 124, 014112, 2006.

Takayoshi Ishimoto, Masanori Tachikawa, and Umpei Nagashima,

Analysis of exponent values in Gaussian—type function for development of protonic and deuteronic
basis functions,

International Journal of Quantum Chemistry, 106, 1465, 2006.

Taro Udagawa, Takayoshi Ishimoto, Hiroaki Tokiwa, Umpei Nagashima, and Masanori Tachikawa,
Geometrical isotope effect in various intermolecular and intramolecular C-H---O hydrogen bonds
using the multi—-component molecular orbital method,

Journal of Physical Chemistry A, 110, 7279 (2006).

Takayoshi Ishimoto, Masanori Tachikawa, and Umpei Nagashima,

Electron—electron and electron—nucleus correlation effects on exponent values of Gaussian—type
functions for quantum protons and deuterons,

The Journal of Chemical Physics, 125, 144103 (2006).

Tomoo Aoyama, Junko Kambe, and Umpei Nagashima,

Discrete Expressions for the Water Purification in a River, Based on Neural Network Calculations
under Incomplete Data Set,

The Journal of Computer Chemistry, Japan, Vol.5, No.2, pp.101 (2006).

Tsuneo Hirano, Rei Okuda, Umpei Nagashima, Vladimir Spirko, and Per Jensen,
A theoretical study of FeNC in the ®A electronic ground state,
Journal of Molecular Spectroscopy, 236, 234 (2006).

T. Sakurai, Y. Kodaki, H. Umeda, Y. Inadomi, T. Watanabe and U. Nagashima,

A hybrid parallel method for large sparse eigenvalue problems on a grid computing environment
using Ninf-G/MPI,

Lecture Notes in Computer Science, No. 3743, pp. 338-345 (2006).

] H Bz, 2 HEE A, Sk,
HE RTINSk T D RTLEL O FEM 51222V,
A A S B 2250 3038, Vol. 16, No. 4, pp.497-505 (2006).

X. Niu, T. Sakurai and H. Sugiura,A verified method for bounding clusters of zeros of analytic
functions,
J. Comput. Appl. Math., Vol. 199, No. 2, pp. 263—270 (2007).

Toshio Watanabe, Yuichi Inadomi, Kaori Fukuzawa, Tatsuya Nakano, Shigenori Tanaka, Lennart
Nilsson, and Umpei Nagashima

DNA and Estrogen Receptor Interaction Revealed by Fragment Molecular Orbital Calculations

J. Phys. Chem. B, Vol. 111, No. 32, pp 9621-9627, 2007.

- 304 -



Toshio Watanabe, Yuichi Inadomi, Takayoshi Ishimoto, Hiroaki Umeda, Tetsuya Sakurai, Umpei
Nagashima

Molecular Orbital Calculation for Large Molecule

The Journal of Computer Chemistry, Japan, Vol. 6, No. 3, pp 217-226, 2007.

Katsuhiro Tamura, Yuichi Inadomi, and Umpei Nagashima

Fragmentation Position Dependency of the Total Energy and Atomic Charge Difference between
the Fragment MO Method and Conventional Ab Initio SCF-MO Method. A Case of
(-)-Epicatechin Gallate with STO-3G Basis Set

Bulltin of the Chemical Society of Japan, Vol. 80, No. 4, pp 721-723, 2007.

Katsuhiro Tamura, Toshio Watanabe, Takayoshi Ishimoto, and Umpei Nagashima

Difference in the Potential Energy Surfaces from the Fragment MO Method and Conventional Ab
[nitio SCF-MO Method. A Case of a Surface for Ring Rotation of (-)-Epicatechin Gallate Using the
STO-3G Basis Set

Bulltin of the Chemical Society of Japan, Vol. 80, No. 10, pp 1939-1941, 2007.

Katsuhiro Tamura, Toshio Watanabe, Takayoshi Ishimoto, and Umpei Nagashima

Ab Initio MO-MD Simulation Based on the Fragment MO Method. A Case of (-)-Epicatechin
Gallate with STO-3G Basis Set

Bulltin of the Chemical Society of Japan, Vol. 81, No. 1, pp 110-112, 2008.

Katsuhiro Tamura, Toshio Watanabe, Takayoshi Ishimoto, Hiroaki Umeda, Yuichi Inadomi, and
Umpei Nagashima

FMO-MO Method as an Initial Guess Generation for SCF Calculation: Case of (-)-Epicatechin
Gallate with STO-3G Basis Set

Bulltin of the Chemical Society of Japan, Vol. 81, No. 2, pp 254-256, 2008.

RUg i, )50 FHibk, e M, Ao FE, B 20, 8 g

7V REA 2 AW T2 RIS FELE R 7 07 7 A0 - FMO-MO #1255 Lysozyme O
RISy TiaE -

CICS]J Bulletin, Vol. 25, No. 2, pp 40-46, 2007.

Kyouhei Tsuchiya, Hiroyuki Teramae, Toshio Watanabe, Takayoshi Ishimoto, and Umpei
Nagashima,

Conformation Analysis of Enkephalin Using Hamiltonian Algorithm —Effect of Mixing Coefficient in
HA-,

Journal of Computer Chemistry, Japan, 5, 275 (2007).

Rei Sato, Hiroyuki Teramae, Takayoshi Ishimoto, and Umpei Nagashima,

Effective Time Difference for Biological MD Simulation —Glycine, Alanine, Valine, Leucine, and
Isoleucine Trimer—,

The Journal of Computer Chemistry, Japan, 5, 295 (2007).

Tsuneo Hirano, Rei Okuda, Umpei Nagashima, and Per Jensen,
Ab initio molecular orbital study of ground and low-lying electronic states of CoCN,
The Journal of Chemical Physics, 127, 014303 (2007).

Tsuneo Hirano, Rei Okuda, Umpei Nagashima, and Per Jensen,

- 305 -



A theoretical study of CoCN in the *® electronic ground state
Molecular Physics, 105, 599 (2007).

Mutsumi Tomonari, Rei Okuda, Umpei Nagashima, Kiyoshi Tanaka, and Umpei Nagashima,

“Ab initio calculation of the electronic structures of the *® ground state and °® excited states of
CoH,

The Journal of Chemical Physics, 126, 014307 (2007).

Tsuneo Hirao, Rei Okuda, Umpei Nagashima, Yoshihiro Nakashima, Keiichi Tanaka, and Per
Jensen,

A theoretical study of BrCN" in the ?IT electronic ground state: Large amplitude bending motion,
Journal of Molecular Spectroscopy, 243, 202 (2007).

Tsuneo Hirao, Michiko Amano, Yukari Mitsui, Sachiko S. Itono, Rei Okuda, Umpei Nagashima, and
Per Jensen,

A theoretical study of FeCN in the ®A electronic ground state,

Journal of Molecular Spectroscopy, 243, 267 (2007).

[ LS, BEREkH, SFPE K,
TR EATHI iﬁ“éi&ﬁﬁﬁl E AR A PN R LER,
A A B 2230 303, Vol. 17, No. 3, pp. 319-329 (2007).

T. Sakurai, Y. Kodaki, H. Tadano, H. Umeda, Y. Inadomi, T. Watanabe, U. Nagashima, A
Master—-Worker Type FEigensolver for Molecular Orbital Computations, Proc. Applied Parallel
Computing. State of the Art in Scientific Computing, Lecture Notes in Computer Science, No. 4699,
pp. 617-625 (2007).

S. Kishimoto, M. Murakata, T. Nakanishi, T. Sakurai, T. Kitagawa, Problem solving support system
for mathematics, Proc. the Third IEEE International Workshop on Databases for Next Generation
Researchers, Istanbul, pp. 79-84 (2007).

ARIFER, RN, ZHEBFEN, BN,
GridRPC/MPI ATV RIZEDEITE S TEY AL —M&E Arnoldi ¥,
FEHRALER2 ACS #STEE, Vol. 48, No. SIGS8, pp. 94-103 (2007).

FH RN, EF'.%%?’H:, PEfk =N, BEEE AL, Bk,
Grid RPC | TéfbﬂzT_&f@iil//fJV@ﬂ)ﬂ
FEEHALER S22 ACS #CEE, Vol. 48, No. SIGS, pp. 127-144 (2007).

SR, 2 M E N, BIEkh,
AMLS JEZXDE B E DA OHEE E, B ARG HBEL A5 GE,
Vol. 17, pp. 511-521 (2007).

T. Sakurai, H. Tadano,
CIRR: a Rayleigh—Ritz type method with contour integral for generalized eigenvalue problems, Proc.
The First China—Japan—Korea Joint Conference on Numerical Mathematics, Special Issue of

Hokkaido Mathematical Journal, Vol. 36, pp. 745-757 (2007).

T. Sakurai, Y. Kodaki, H. Tadano, D. Takahashi, M. Sato, U. Nagashima,

- 306 -



A parallel method for large sparse generalized eigenvalue problems using a GridRPC system,
Future Generation Computer Systems, Vol. 24, pp. 613-619 (2008)

S. Yokojima, K. Ryuo, M. Tachikawa, T. Kobayashi, K. Kanda, S. Nakamura, T. Ebisuzaki, T.
Fukaminato, and M. Irie,

“Conformational dependence of energy transfer rate between photochromic molecule and
fluorescent dye”, Physica E, 40, 301-—305 (2007).

M. Tachikawa,

“The first-principles multi—-component molecular orbital approach to bound states of positron with
2—-deoxyglucose molecule as a reagent of positron emission tomography”, J. Phys. Condensed
Matter, 79, 365235 (7 pages) (2007).

R. J. Buenker, H. —P. Liebermann, L. Pichl, M. Tachikawa, and M. Kimura,
“Role of the electric dipole moment in positron binding to the ground and excited states of the BeO
molecule”, J. Chem. Phys. 726, 104305 (7 pages) (2007).

Y. Itou, S. Mori, T. Udagawa, M. Tachikawa, T. Ishimoto, and U. Nagashima,

“Quantum Treatment of Hydrogen Nuclei in Primary Kinetic Isotope Effects in a Thermal
[1,5]-Sigmatropic Hydrogen (or Deuterium) Shift from (Z)-1,3-pentadiene”, J. Phys. Chem. A, 771,
261--267 (2007).

A. Hayashi, M. Shiga, and M. Tachikawa,
"H/D isotope effect on the dihydrogen bond by ab initio path integral molecular dynamics
simulation”, Molecular Simulation, 33, 185-188 (2007).

M. Shiga and M. Tachikawa,
"Ab  initio quantum mechanical/molecular mechanical molecular dynamics using
multiple-time—scale approach and perturbation”, Molecular Simulation, 33, 171-184 (2007).

H. Umeda, Y. Inadomi, H. Honda, U. Nagashima
Parallel Fock Matrix Construction Program for Molecular Orbital Calculation Specific Computer
Journal of Computational Chemistry, in press (Aug. 26, 2008, published online)

T. Watanabe, Y. Inadomi, H. Umeda, K. Fukuzawa, S. Tanaka, T. Nakano, U. Nagashima
Fragment Molecular Orbital (FMO) and FMO-MO Calculations of DNA: Accuracy Validation of
Energy and Interfragment Interaction Energy

J. Comput. Theor. Nanosci., accepted, 2008.

Takayoshi Ishimoto, Masanori Tachikawa, and Umpei Nagashima,

Analytical Optimization of Exponent Values in Protonic and Deuteronic Gaussian—type Functions
by Elimination of Translational and Rotational Motions from Multi-Component Molecular Orbital
Method,

International Journal of Quantum Chemistry, 108, 472 (2008)

Takayoshi Ishimoto, Masanori Tachikawa, and Umpei Nagashima,

Simultaneous analytical optimization of variational parameters in Gaussian—type functions with full
configuration interaction of multi—-component molecular orbital method by elimination of
translational and rotational motions: Application to isotopomers of hydrogen molecules,

- 307 -



The Journal of Chemical Physics, 128, 164118 (2008).

Takayoshi Ishimoto, Yasuyuki Ishihara, Hiroyuki Teramae,Masaaki Baba, and Umpei Nagashima,
H/D isotope effect of methyl internal rotation for acetaldehyde in ground state as calculated from a
multi—component molecular orbital method,

The Journal of Chemical Physics, 128, 184309 (2008).

Yoko Kikuta, Takayoshi Ishimoto, and Umpei Nagashima,

Geometrical and Kinetic Isotope Effects on R-H(D)--*R Type Intramolecular Hydrogen Bonds (R =
CH,, NH, and O) Using a Multi-Component Molecular Orbital Method,

Bulletin of the Chemical Society of Japan, 81, 820, (2008).

H. Tadano and T. Sakurai,

On single precision preconditioners for Krylov subspace iterative methods, Proc. 6th International
Conference on Large—Scale Scientific Computations (LSSC’07), Lecture Notes in Computer
Science, Vol. 4818, pp. 721-728 (2008).

T. Sakurai, Y. Kodaki, H. Tadano, D. Takahashi, M. Sato and U. Nagashima,

A parallel method for large sparse generalized eigenvalue problems using a grid RPC system,
Special Issue of Future Generation Computer Systems on Applications of Distributed and Grid
Computing, Vol. 24, pp. 613-619 (2008).

AR, M E N, Bk,
FEEEIR A Krylov #5322 RARIEIC B 1T DBATHIARZ M LEED Cell BE - ToOFELE
TSR S EEa L B a—T 4 AT L Vol 1, pp. 51 360 (2008).

A,

IIHU

(L& B, MHESE, Z2HBEA, SFekt, FHEELR,
Cuto?% 2 EIZH = RITLEE O REFEAM,
H S B 255w 5058 (accepted).

K. Suzuki, M. Shiga, and M. Tachikawa,
“Temperature and isotope effects on water cluster ions with path integral molecular dynamics based
on 4th order Trotter expansion”, J. Chem. Phys. in press (2008).

T. Takayanagi, T. Yoshikawa, A. Kakizaki, M. Shiga, and M. Tachikawa,
“Molecular dynamics simulations of small glycine-(H,0), (n = 2-7) clusters on semiempirical PM6
potential energy surfaces”, J. Mol. Structure (Theochem), in press (2008).

J. Koseki, R. Maezono, M. Tachikawa, M. D. Towler, and R. J. Needs,
“Quantum Monte Carlo study of porphyrin transition metal complexes”, J. Chem. Phys. 726,
085103 (5pages) (2008).

T. Kuchitsu, J. Okuda, and M. Tachikawa,

“Evaluation of molecular integral of Cartesian Gaussian type basis function with complex—valued
center coordinates and exponent via the McMurchie-Davidson recursion formula, and its
application to electron dynamics”, Int. J. Quant. Chem. in press (2008).

M. Yamamoto, M. Suzuki, M. Tachikawa, A. Fujishima, T. Miyazaki, H. Hisamitsu, K. Kojima, and
Y. Kadoma,

- 308 -



“Film Formation from Mixed Solutions of 1,3,5-Triazine—2,4-dithione and Phosphate onto Au, Ag,
and Cu Substrates”, J. Phys. Chem. C, 772, 6914-6923 (2008).

H. Ishibashi, A. Hayashi, M. Shiga, and M. Tachikawa,
”Geometric Isotope Effect on the N,H," Cation and N,H:  Anion by Ab /nitio Path Integral
Molecular Dynamics Simulation”, ChemPhysChem (Communication), 9, 383—387 (2008).

Y. Maruyama, K. Hongo, M. Tachikawa, Y. Kawazoe, and H. Yasuhara,
”Ab initio interpretation of Hund’s rule for the methylene molecule: Variational optimization of its
molecular geometries and energy component analysis”, Int. J. Quant. Chem. 708, 731--743

(2008).

Q)F2REK (HEFRRE/LVCEELRENFERER)
O FfFHEH (EWNaik | IF EiREE 12140)

R M MRE U M AHE, MR Scth, B B

FMO-MO ¥EIZ LD IRHUE ST 1 BB

AT =V A 2T g LR RV LD 2 (HPCS 2005)
2005 4£ 1 7 18 A

Umpei Nagashima

Role of Water in the Interaction between DNA and Estrogen Receptor — DNA and Estrogen
Receptor Interaction Revealed by the Fragment Molecular Orbital Method —

Japan—China Joint Workshop for Biosystem 2005, Beijing, China, September, 2005.

Umpei Nagashima, Yuichi Inadomia, Hiroaki Umedaa, Toshio Watanabea, Takayoshi Ishimotoa and
Tetsuya Sakurai,

Molecular Orbital of Fragment Molecular Orbital Method with Sakurai—Sugiura Method on Grid
Computing Environment.

The 3rd bio and nuclear physics crossover workshop, Urmugie, China, Aug., 2006.

Toshio Watanabe and Umpei Nagashima

Interaction between DNA and Estrogen Receptor Revealed by the Fragment Molecular Orbital
Method -

Japan—China Crossover Science Symposium (JCCSS) 2006, (Bio—chemical—-physics, Protein Physics
and Chemistry, Signal Transduction, and Bioinorganic Chemistry),

Oct., 2006, Mito, Ibaraki, Japan

Toshio Watanabe, Yuichi Inadomi, Kaori Fukuzawa, Shigenori Tanaka, Tatsuya Nakano, Lennart
Nilsson, Umpei Nagashima

DNA and Estrogen Receptor Interaction Revealed by the Fragment Molecular Orbital Method
EABS & BSJ 2006, Fifth East Asian Biophysics Symposium & Forty—Fourth Annual Meeting of the
Biophysical Society of Japan, Multidisciplinary Approach towards Understanding Mechanisms of
Life — From Molecules to Systems —, Nov. 12-16, 2006, Okinawa, Japan.

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and

Umpei Nagashima,
H/D isotope effect on hydrogen bond by multi—-component molecular orbital method,

- 309 -



5% Japan—China Crossover Science Sympossium (JCCSS5), Mito, 2008 4= 2 H 29 H.

T. Sakurai, A Rayleigh—Ritz type method for large—scale
generalized eigenvalue problems, 1st China—Japan—Kores Workshop on
Computational Mathematics (CJK2006), 2006 4~ 8 H 6 H

Toshio Watanabe, Takayoshi Ishimoto, Yutaka Tamura, Yuichi Inadomi, Hiroaki Umeda, Umpei
Nagashima

Interaction analysis between EGF receptor and EGF by fragment molecular orbital calculation

5% Japan—China Crossover Science Sympossium (JCCSS5), Mito, 2008, 29" February.

T. Sakurai, H. Tadano,

An error analysis of the contour integral Rayleigh—Ritz method for generalized eigenvalue problems,
International Workshop on Applied Mathematics and Computational Science IWAMCS2007),
Tokyo, 2007 49 H 27 H.

T. Sakura, H. Tadano, U. Nagashima,

A parallel eigensolver using contour integration for generalized eigenvalue problems in molecular
simulation, Recent Advances in Numerical Methods for Eigenvalue Problems (RANMEP2008),
Hsinchu, 2008 41 A 7 H.

T. Sakurai, H. Tadano,
On convergence behavior of mixed precision Krylov subspace methods, International Workshop on
Numerical Verification and its Applications (INVA2008), Okinawa, 2008 4£ 3 A 5 H.

T. Watanabe, H. Umeda, Y. Inadomi, T. Ishimoto, T. Sakurai, U. Nagashima

Molecular Orbital Calculation for Large Molecule with Sakurai— Sugiura Method on Grid Computing
Environment

Initiative for Parallel Bioinformatics (IPAB) and Asia Hub for e-Drug Discovery (AHeDD), Tokyo,
Japan, 2008 4£ 10 A 16 H

Masanori Tachikawa,

Geometric Isotope Effect on N,H;" Cation by Ab Initio Path Integral Molecular Dynamics
Simulation, The World Association of Theoretical and Computational Chemists (WATOC2008),
Sydney, Australia, 2008 49 H

@ HEREE (HWN =ik 88 1. [EfR=ak 35 1)

Tsuneo Hirano and Umpei Nagashima, Tina Erica Odaka and Per Jensen,

GEOMETRIES AND POTENTIAL ENERGY SURFACES OF THE HOORADICAL IN RELATION
WITH DOUBLE RENNER EFFECT: A THEORETICAL STUDY,

Inernational Symposium on Molecular Spectroscopy, Columbus,USA, 2004 4% 6 H 20 H

Tsuneo Hirano, Rei Fukui, and Umpei Nagashima,
TOO SHORT CN BOND LENGTHS FOUND IN Fe, Co, AND Ni ISOCYANIDE AND CYANIDES,
Inernational Symposium on Molecular Spectroscopy, Columbus,USA, 2004 & 6 H 20 H

Tsueno Hirano and Umpei Nagashima, Per Hensen, Gisbert Winnewisser,

- 310 -



AN AB INITIO PREDICTION OF THE STRUCURE AND SPECTROSCOPIC CONSTANTS OF
FeOH
Thel8th International Conference on High Resolution Molecular Spectroscopy(praha Czech) 2004

920 H

] B, ek, RIBE L, fEiE—,
Sy FHE ISR N AITANC T D A IEIC OV T,
3BT AR L, B, 20044E5 H 20 H .

] B =, ek, RIEE K, FaEmE—,
Oy FEERHRIZBN DI TINCRT T B K AEIEIZ DWW,
H A S B 25 20044 2 BT, 20044F9 H 18 H.

% M EE N, Sk,
ToeplitzA AT DR K AEMRIEDIRDFENZ OV T,
FE33EEAMEFRNT S AR A, B, 20044E5 H 20 H .

2 HErE N, IR,
ToeplitzfA AT DR B MRIEDIRDIENZ OV T,
H A B F2, H A, 20044F9 A 18 H.

EA AL,
T AU N W T P A R R,
20044 EFHREUAIISE S, A, 20044511 H22H.

Bk,

A HEBEECT U X5 E A ERE,

20044F FEFHRBUAM e S, 1, 2004411 H22H.

Z M E A,

YRS — NI LB — R T R OB A L D22 EAL,
20044F FEFHR BT E S, 1A, 2004411 H22H.

ERAAD, Bk, B A,
E— AN WA R BE O FHEYE, S 33[RIEEARNTY R T A,
0\, 200445 H 20 H .

T. Sakurai, K. Hayakawa, M. Sato and D. Takahashi,
A parallel method for large sparse generalized eigenvalue problems by OmniRPC in grid
environment, PARA’04, Copenhagen, June 23, 2004.

T. Sakurai, H. Tadano, Y. Inadomi and U. Nagashima,
A moment—based method for large scale eigenvalue problems, ICNAAM’04, Chalkis, September 11,
2004.

H. Tadano and T. Sakurai,

A method for avoiding breakdown in product—type iterative methods and its behavior for Toeplitz
linear systems, ICNAAM’04, Chalkis, September 11, 2004.

- 311 -



X. Niu, T. Sakurai and H. Sugiura,
A verified method for bounding clusters of zeros of analytic functions, SCAN2004, Fukuoka,
October 7, 2004.

BE &, FEER, RIEER
CN &5 0EREBIL A D5 N EEL: CoCN
Oy FREERR A B 2005, BT, 200549 A 30 A

EERESR, BH B, RIBEIT
CN &5 0ER B A D57 N FEE : FeCN
Oy FREERR A B 2005, HUAT, 200549 A 30 A

RIBE, BE B, FEHER
FeCO OE 1A&1E ., /0 F eI BT 2 E R EE ab Initio 4y T-HLETEFHE
Sy AAEER A RERE2005, HUAT, 2005429 7 30 H

gk, 22 1B E A, FIERER, ek =N, @ERIr, RIBELL, fEE—, HEH 22, &
B,

FHAELE A il 5 - O master—worker 8 0 11,

HPCS2005 (2005).

s E—, e 7200, EgFRE, SR, RIEE K,
FMO-MOEIZ XD KAy FiuE R+,
HPCS2005 (2005).

ESHR, RE A, ek,
A AR 2 = 3 R TR R Rl R A,
HAS B SRR 17 AR E i S S8 R, AR, 20054E 3 H 4 H.

FREIE—, MM 720, R, ek, RIBE fux
FMO- MO £ - KRBy s 25
RIMS #FZESE & FHR B PO ST EZ DI R’ |, FAR, 2005 4 11 H.

Umpei Nagashimaa, Yuichi Inadomia, Hiroaki Umedaa, Toshio Watanabea, Takayoshi Ishimotoa,
Tetsuya Sakuraia,b , Tsuneo Hiranoa, Mutsumi Tomonar,

Development of a Large Scale Molecular Simulation Program for A Large Scale Molecular Orbital
Calculation using Fragment Molecular Orbital Method and Grid Computation Technique,
Japan—China Joint Workshop of Nuclear Radiation for Biosystem 2005, Tianjin, China, Sept. 2005.

Yuichi Inadomi

Large—scale molecular orbital calculation with FMO-MO method,

Joint Workshop on Computational Chemistry and Numerical Analysis: CCNA2005, Tokyo,
December, 2005.

FIgZE
S EEEICBUAEA B EOF EREL s F b =—X
H A S B S22 2005 4R JE4E2, i, 2005 4F 9 H

T. Sakurai, Y. Kodaki, H. Umeda, Yuichi Inadomi, T. Watanabe, U. Nagashima,

- 312 -



A hybrid parallel method for large sparse eigenvalue problems on a grid computing environment
using Ninf-G/MPI,
5th International Conference on Large—Scale Scientific Computations, Sozopol, Jun. 2005.

Y. Lu, T. Itoh, S. Itoh, T. Sakurai,

Improving the accuracy of numerical conformal mapping by Pade approximation using the Arnoldi
method,

International Symposium on Computing and Its Applications in Information Science, Hefei, Aug.
2005.

H. Tadano, T. Sakurai,
A stabilization of the CGS method by avoiding near—breakdown,
International Conference of Numerical Analysis and Applied Mathematics 2005, Rhodos, Sep. 2005.

M. Okada, H. Tadano, T. Sakurai, U. Ngashima,
On preconditioners for complex symmetric systems of linear equations in a parallel eigensolver,
SIAM Conference on Parallel Processing for Scientific Computing, San Fransicso Feb. 2006.

%M E N, BIREkN,
CGS EIZRBITAEAERY brackdown D ELEELZ D [A]EEE.
95 34 [REEMATS AR YT A, RS, 2005 4F 6 H.

HEHE% BBk, AFIEM, FREFIE IR, RIBE X,
Oy FHEEHE CHNDITINI R T D K AEIEDOFTALERIZ DWW T(Z D 2),
34 BB AR A, RS, 2005 4F 6 H .

INEEFRN, RStk HEMZZEH, FREiE—, ERHEE, RIEER,
Ninf-G/MPI /A7 Vo RIZ LD KB —#%A tlﬁ B S RE DI B iR,
34 FIEUERRATS AR N, RS, 2005 4F 6 H.

AERPE—BR, EEERA, ZHEE N, BREh, MR,
Ay 2L AEIZI0ELNSHENE 1 R ITFER Krylov #4522 B1EIC K DR AR,
H AR A B S22 2005 4EEEFEZ, A, 2005 49 H.

Z M E N, BIERN,
CGS BB DHAE AR L EVED AR,
HAS B2 2005 4FEA2, A, 2005 429 H.

H FHESE, Mgt Rl EfR, BEEE R, RIBE T,
B FHE CHNDITINC kT D KB IEORTLELIZ DUV T,
H AR A B 522 2005 4FEEZ, e, 2005 4F9 A.

Hiroto Tadano and Tetsuya Sakurai,

A method for avoiding near—-breakdown in the CGS method,

Joint Workshop on Computational Chemistry and Numerical Analysis: CCNA2005, Tokyo, Dec.
2005.

INEEFRN, R ERAN,
Ninf~G/MPI /A7 U RIZ XD K — AL B A R E O W 51 ik,

- 313 -



I RS~ —1 ) —, FLIR, 2005 49 H.

% HEE N, BIREh,
CGS JEIZ BT DI R 22 EME D [alkELE,
JEREERE Y~ —&3I)—, FLIR, 2005 49 H.

fi] P 52, Rk Ah,
Sy FEUERT R CHEALITIN T D RABIEDORTLEIZ SN T,
S HBEE Y~ —®3I7F—, tLIE, 2005 429 H.

Umpei NAGASHIMA, Yuichi INADOMI, Hiroaki UMEDA, Toshio WATANABE,Takayoshi
ISHIMOTO, Tetsuya SAKURAI,

MOLECULAR ORBITAL CALCULATION FOR LARGE MOLECULE WITH SAKURAI-
SUGIURA METHOD ON GRID COMPUTING ENVIRONMENT,

MATH/CHEM/COMP 2006, The 21st International Course & Conference on the Interfaces among
Mathematics, Chemistry & Computer SciencesJune 19-24, 2006, Dubrovnik, Croatia

Tsuneo Hirano, Rei Okuda, Umpei Nagashima, Vladimir Spirko, and Per Jensen,

On the Too—short Experimentally Determined CN Bond Lengths in MCN and MNC Molecules with
M = Fe, Co, Ni: A detailed Study of FeNC,

High Resolution Molecular Spectroscopy, 19th Colloquium, Salamanca, Spain, 2005 £ 9 H

Tsuneo Hirano, Umpei Nagashima, and Per Jensen,

Computational Molecular Spectroscopy: A Challenge to The New Field,

Joint Workshop on Computational Chemistry and Numerical Analysis: CCNA2005, Tokyo, 2005 4
12 A

Tsuneo Hirano, Rei Okuda, Umpei Nagashima, and Per Jensen,

A THEORETICAL STUDY OF NiCN IN THE A ELECTRONIC GROUND STATE,

61st International Symposium on Molecular Spectroscopy, Columbus, Ohio, USA, 2006 £ 6 H 20
H

[

FE ER, BIE Ex
SR T MR T OB EREE ab Initio 7R
BRWES R A FLIR. 2006 4E 7 H 31 H

S IERE, ZRE— . (L =2, A JEe — . ILrh 2R, RIS K
I-AFNT LT D S BEY S HRABICH1T % CH, PIHBIEIERYERL
2006 4y FHEEIR AR, #2006 429 A 23 H

RS £, WE F, Per Jensen, VB fHK
Computational Molecular Spectroscopy: NiCN

2006 7y MG B RTam s 7, 2006 429 J 23 H

WEP fEI, KU ZEIL, Per Jensen, WG #oL, M RE—
Computational Molecular Spectroscopy: BrCN*

2006 77 RSB AR §Rid, 2006 429 H 23 H

/INHEFRN, Bk,

- 314 -



Ninf~G/MPI /A7 Vo RIZ X5 KR — AL [E A R E O W 51 ik,
Ninf-G Workshop 2006, BT, 2006 41 H.

%2 M E N, W HESE, SREkHh,
BB RFTHNC KT D RTLELD FHAM 55OV T,
SERK 18 AF A BBl A 38 36 2, AT, 2006 4F 3 H.

B Ek A
HET NIV LB TV FEE
F2R [EHERI AT ZABT/2 DI R A Al VRPN 2006 4 4 H 4 H

B EkAh
WELE A B EO WALy Ralb—ar~D i A
H A A 2, 2006 29 A 17 H

T. Sakurai, Y. Kodaki, H. Tadano, H. Umeda, Y. Inadomi, T. Watanabe, U. Nagashima
A master—worker type eigensolver for large— scale molecular orbital computations, Workshop on
State—of-Art in Scientific and Parallel Computing (PARA’06), 2006 # 6 H 6 H

T. Sakurai,

A Rayleigh—Ritz type method for large—scale generalized eigenvalue problems

1st China—Japan—Kores Workshop on Computational Mathematics (85 1[4 H g5 {EE %V — 2
a7 2006 428 H 6 H

N. Emad and T. Sakurai,

Resolution of Large Scale Eigenproblem using YML Workflow Framework,

4th International Workshop on Parallel Matrix Algorithms and Applications (PMAA06), 2006 £ 9
H 7H

Z W% AN Sl R, B Bt Bl E ik

— AL E A AE R CELNAHE B R RN — IR F RS 354 —F Vo 7 KA AT O RE
FFAh

2006 4= H RIS B 244 2006 429 H 16 H

INEEFRN, BREL, RIEE I
JE[BIFE 45 % = [ A AR O 45 28 [ R AE S LA K B ol
2006 425 H RIS B4 2006 429 H 13 H

AR 228 R FA, M EA, B Sk,
£ Y 22— MFE Arnoldi 1 EDOPEREEEAT
2006 425 0 RIS B4 2006 429 H 17 H

% M E N, e,
— AL [ A i A R CELNL A8 35 kb FoE N — Wk 5 FR RS e A S fRTE O REETA,
5 35 [AIEEENTS AR A, KB, 2006 45 6 .

T. Sakurai,

A Rayleigh—Ritz type method for large—scale generalized eigenvalue problems, 1st
China—Japan—Kores Joint Coference on Numerical Mathematics (CJK2006), Sapporo, 2006 £ 8 H

- 315 -



6 H.

ZHBPE A, gkt RIBER,

JE [B1FE 50 % O B A EARE I LD — AL B A ERE O KR — B E X FRE N — R SRR~
D TR & AR R L O —,

FUE RSB RIMS BFZE4E4S, 2006 4E 11 H .

AR, NN, 2 HEE A, gk,
GridRPC/MPI A7V RIZEBETE L Y AKX — M Arnoldi ¥,
175 - [E AR EO fE L2 OGS FARFIEE S5 2 [BIAFIEE, BT, 2006 4 11 H.

ARG, NG, ZHEE A, e,
GridRPC/MPI /A7 Vo RIZLBETE L BEY AKX — M Arnoldi ¥4,
HPCS2007, -o<IE, 2007 4E 1 H.

%2 M E N, e,
JEEIFEEIC L AEREE A AR EORAE —Rayleigh—Ritz Procedure (A5 tE —,
H ARG B Sk 19 AR EMFE i S G R8ER S, 4 W&, 2007 4 3 H.

I P B, BBk,
Cutoff L7ATHNI 6 U CBRAT A IE 2 ff A2 FIVO T2 RTALBE L RISV T,
H A FAEEL 2K 19 NP2 B R R, A, 2007 45 3 1.

INEEFRN, Bk,
B A —F 27 RPC % Pl B BRSO AL,
A ARG B A R 19 AR SR R, 4 W R, 2007 43 H.

AJFERE, INFERA, ZHBE A, Sk,
KRIAELERAT AN %% Grid BRBZ M= Arnoldi 1%,
A ARG B AR 19 IS SR RS, 4 d R, 2007 43 H.

IR, 26 MEFE N, B8k,
AMLS (2 &5 A [EIFE 43 15 O [ fE s HE &,
H ARG B 2 TRk 19 AR EFIE B A3 RS, 2007 423 AH.

Tsuneo Hirano, Rei Okuda, Umpei Nagashima, and Per jensen,

WHAT IS A MEANINGFUL, VIBRATIONALLY AVERAGED BONDLENGTH VALUE OF FeNC,
CoCN, AND NiCN: AN ANSWER TO THE “"TOO-SHORT CN BONDS” ISSUE,

The 19th International Conference on High Resolution Molecular Spectroscopy, Praha, 2007 £ 8
A

Tsuneo Hirano, Rei Okuda, Per Jensen, and Umpei Nagashima,

Computational molecular spectroscopy of the first—row transition metal containing cyanides and
isocyanides: FeCN and FeNC,

The 19th International Conference on High Resolution Molecular Spectroscopy, Praha, 2007 £ 8

A
EHPE R, ARRNTE, RIEE L, [
“% Fe, Co, Ni 7Y 71/V1Z 33175 High—spin/Low-spin IRRED 11 LW E”

- 316 -



[y EHEatame . e, 2007, 9 H 18 H

RINZE, I ES, FIEE
“CoH. MnH \%@mﬁg{?r:% \ZXDEIREEDHFIE”
HARa B 2 — 2L FEEFFFES 2007, M1, 2007, 10 A 7 A

SEPE S, BHE, KIEZE K, Per Jensen
“ERS L ab initio sHREIZEESGHE Y 12065 :FeCN”
H ARz 2 — 2L PSR4 2007, MR, 2007, 10 A 7 H

Y. Kodaki, H. Tadano, T. Sakurali,
A parallel method for generalized eigenvalue problems using cascading GridRPC, 6th International
Conference on Large—Scale Scientific Computations (LSSCO07), Sozopol, 2007 #£6 A 5 H.

H. Tadano, T. Sakurai,
On a single precision preconditioner for Krylov subspace iterative methods, 6th International
Conference on Large—Scale Scientific Computations (LSSCO07), Sozopol, 2007 #£6 H 6 H.

T. Kihara, H. Tadano, T. Sakurai,
A single precision preconditioner for Krylov subspace iterative methods on the CELL processor,

International Conference On Preconditioning Techniques For Large Sparse Matrix Problems In
Scientific And Industrial Applications (Precond07), Toulouse, 2007 4£7 A 9 H.

M. Okada, T. Sakurai, K. Teranishi,

A preconditioner for Krylov subspace method using a sparse direct solver in biochemistry
applications, International Conference On Preconditioning Techniques For Large Sparse Matrix
Problems In Scientific And Industrial Applications (Precond07), Toulouse, 2007 27 H 9 H.

SCIf R, % e A, Bk,

AMLS JEIZ LD [E A 5347 OHEELE,

H A A EE A 1174 [E A E R E O fRE L Z O AR i 25 3 mIfFge4,
JBJ11, 2007 47 H 31 H.

KRIRE, NS, ZHEE A, Bk,

B RO R AEfRIEIZIITD Cell 7ty (A S RTALERE,

A AR B 22 175 - [E A R EOfRIE LT O AFZEE S 6 3 [BIAfgES,
JEJI, 2007 47 H 31 H.

] B, EEth, Bk,
Eﬁ??ﬁ”lﬁ*ﬁﬁﬂf%ﬁﬁb V= Krylov 384322 [ S A8 fifyE O FijALEE,
H A B 72 2007 R4, AL, 2007 429 A 15 H.

AR, ZHBE N, Sk,
@**E{@i SR U AL EE Z 0 Cell 7at W E TR
HATS B S 2 2007 454242, KL, 2007 429 A 16 H.

FENE T, #Bgkt, ZHBEA,

ISIEE=¢ \%ﬁﬁb\tlﬁ EfRE O HEE A I3 T HREZEfE,
HATS T2 2007 45442, FLIE, 2007 429 A 16 H.

- 317 -



Z PN, AFSEE, Sk,
Cell 7' vty Y158 01 53 % FV = [E A AR S O Edd b,
HATS B T2 2007 42544, FLIRE, 2007 429 A 16 H.

AR, ZHEE N, Bk,
BRITHI 7 RLFED Cell Broadband Engine | T 323 L4 GE LA,
55 5 Bl FHEECEAZES, Bk, 2007 4210 A 29 H.

] H Bz, ek, SFrEEK,
BRAT A B 5% FA - Krylov 3545 Z2 ) RO ff 15 O Fif ALER,
%5 FIFHEE TS, Bk, 2007 4510 A 29 H.

SRR, 2 M E N, B8k, Z. Bai,
AS IEIZ XD E A AT OHEEE,
% 5 MIFHEECFEAMIT S, Bk, 2007 4£ 10 A 29 H.

dANET-, ekt ZmEE A,
JENEFE 45 2 A= [ A AR OO S B2 [ A 163 HREZEAR,
% 5 MIFHE LM, Bk, 2007 45 10 A 29 H.

ZMEE N, AFSE, SRk,
Cell Broadband Engine (233175 CIRR £ 323E P RERTAML,
RIMS WF R [HH R 2O BB E I E L COEET NVIVRLEZDEL ), AR, 2007 4 11 A

H. Tadano, T. Kihara, T. Sakurai,

An implementation of the CIRR method with shifted linear systems on the Cell Broadband Engine,
Recent Advances in Numerical Methods for Eigenvalue Problems (RANMEP2008), Hsinchu, 2008
F1HTH.

K. Senzaki, H. Tadano, T. Sakurai, Z. Bali,
A method for estimating a distribution of eigenvalues using the AS method, Recent Advances in
Numerical Methods for Eigenvalue Problems (RANMEP2008), Hsinchu, 2008 41 H 7 H.

T. Tkegami, T. Sakurai, U. Nagashima,
Block Sakurai—Sugiura method for filter diagonalization, Recent Advances in Numerical Methods for
Eigenvalue Problems (RANMEP2008), Hsinchu, 2008 451 A 7 H.

AR, ZHEE N, BN,

5 EEIR A7 Krylov 45 22 S AE VR 81T BBATHI2 MLEED Cell BE _F G 323 LM AL EEA,
INANRT =V AR 2 —T (7 LE R R IR I HPCS2008,

WAL, 2008 4E 1 H 18 H.

L5 B, [ HESE, BRgkth, SFraEEk,

Cutoff & 2 BEIZHWZRIALEE DM RE R,

A AR B P2 R 20 ARS8 K2, B, 2008 423 H 8 H.
T. Sakurai, H. Tadano, T. Kihara,

A mixed precision Krylov subspace method for QCD simulation, SIAM Parallel Processing for

- 318 -



Scientific Computing (SIAMPPO0S8), Atlanta, 2008 4% 3 A 14 H.

FEHJIRER, 5 HEE R, 3218
T AZ AR BT 0D 7= 6D O AR BAVLEA S D B 36
H AL 88 RS SR T - thiSF v /32 2008 4 3 H

b =, Ak, SO
BT T N IEC LD IKE T T AR —DRFSE,
HAL R0 88 FREFED | SR T - thiSF v /32 2008 4 3 H

R Bl BB EZ . S
PRI FE 7 1% AN T AL — A7 DR FEARAF I LRI AR R D AT |
AL 88 BFFR . SLHORNT - MiEF v /32, 2008 4 3 A

FHJIARES, & H&E e, SO
T TR FE BIZEAT O 7= 8 D LA B LB S D B %S
H A2 63 [M4FER KRS, ITEE K2, 2008 4F 3 H

ez, BRSO
SRy BT T INIEC LD KFBEAT L T AZ—DRFFE,
H A2 63 [AIER KRS, ITEE K, 2008 4F 3 A

BLHNEY-, A s N2
L) K VBRI DB 2 B B LT8R 2 oy &I O EE DB 3.,
H ARS8 63 [AHER KRS, ITE K52, 2008 4 3 H

JesEit, AiEE i, SO,
LRGBS T INIEICED B A 5y~ O WAR B D BRI |
H AW B 5 62 [IAE RS | ALifEE K2, 2007 42 9 H

SRB s B2 STz
DB FNRNKBAT L ITFAZ—T 52 DD ESL
H ARS8 62 [AI4ER KRS, ABiEE K52, 2007 49 H

FEHJIRER, ST Hh
BB ORI REE B LI 55 LB FLR O B3
%510 [RIFRGR L FRR S . 4 B R EHA LA AN A AR L 2007 4F 6 H

FUBZE T, #UEekth, S, moode:, MEmZS, dvseis, J5R50E, e i—
TV REE W KBS o Ial—ar 7 al I A0 %
0 a5y RV RS 2008, &, 2008 4F 9 H 24 H

V% I, AT FE, BHAW, MEME—, fBH 21, BRI £k
757 A MO 151255 EGFR O%: B9 45 TSR3k DRt
%62 Bl RV ERER WS, f&ah, 2008 4£9 A 25 H

TEEPE R, RIBZE LT Per Jensen

FeCO ™ Low-spin JR A& L B &1 FHEH
% 2 Bl PR ER R, f@ld, 2008 459 H 25 H

- 319 -



KRISE, FEESR, EIEE
MnH O E KRB LA E T IREE LA YL E L
% 2 Bl TRM RS, fmhi, 2008 429 A 25 H

T. Sakurai, M. Okada, H. Tadano, K. Senzaki, K. Teranishi,

Parallel performance of CIRR method with complete factorization preconditioner on multi—core,
9th International Workshop on State—of-the—Art in Scientific and Parallel Computing,
Trondheim, May 15, 2008.

J. Asakura, T. Sakurai, H. Tadano, T. lkegami, K. Kimura,

A Linearization Method for Polynomial Eigenvalue Problems Using a Contour Integral,
International Workshop on Accurate Solution of Eigenvalue Problems VII, Dubrovnik, June 10,
2008.

T. Sakurai, H. Tadano,

An Inner/Outer Loop Free Parallel Method for Interior Eigenvalue Problems,

International Workshop on Accurate Solution of Eigenvalue Problems VII, Dubrovnik, June 10,
2008.

W ELSE, Bk, SFREBEEK,
F a2 —ar CENAITINR CBRA T A [ B 1A A F L7 B ALER 2 DU,
%13 [0l B ARG TS, A, 2008 425 A 20 H.

] Bz, Bekth, SRV,
T2 —ar CHNAITANS LB T A B B 1A% 1 A L 7= A LB IZ DT
2008 WA /4y e/ e FRIC R+ A~ — U —r gy, 72, 2008 48 A 5 H.

Sk, ZMEFE A,
FEREIRATHEE S A\ Cell 7aty¥ FComEMERERIEEE,
SeBRMFHE R IS T 57 4 —T A, &, 20084-9 H 4 AH.

FANET, HHgt, ZHEE A, #hE5S KAIkE],
JEIEAE 53 % O T2 IR B A B R R O B iz 1k,
H A B 2 PRk 20 AR FEAE 2, T-3E, 2008 429 A 17 H.

Frish=s, 2 mErE A, Sk,
(R S0 B PR IR A TR E A F - Krylov 45 28 [ 5 48 fR 1E OISR E i 3,
H A A 2 Rk 20 AR FEAE 2, T-5E, 2008 429 A 19 H.

(R BB, [ HESE, ZHEEA, SHekth, FEEX,

Semi-Sparse 17812 % 9% Cuto?% 2 EIZH - FiiLER

A AR B PR 20 REFS, T5E, 2008429 A 19 H.
ZHBFE N, Bk,

Block CIRR ¥£IZ5%14°% Block Krylov 4y 22 [ S A8 % 0> i &M RE ST,
H A B P Rk 20 RS, T5E, 2008 429 A 19 H.

] B, BFEk, SFPHEEA,

- 320 -



F )32 —a THRNDITINI KT U453 i O - i LB & # O A,
HAS B SRk 20 4R A2, T3, 2008 429 H 19 H.

ToIGRER, ZHBFE A, B, REEFE,
Cutoff % FV 7= i i 7 [ A & 5 HE e ik
HAS B S Rk 20 4R EAE LS, T3, 2008 429 H 19 H.

RFE, IE8FE, MHZEY, ElE—, RIBE K, S gkt
T T ANy FE ES AV Hartree— Fock 15D HME &
H A B P Rk 20 RS, T5E, 2008 429 A 19 H.

AbsEvE, AR, SO T
LRy BT T ARV A HBEERE, H1RSFRSERER S
&, 2008 4£ 9 H

A Bz 58 e )l
Ab initio ®REEAE 77 BN kA W AT MV OFRIT
B1E Sy TR f@, 2008 4 9 H

A M, BRI ST
R FE 1% v \717k4%/77;<5!~—@ [RINE AN SR LIR R A7
H A B2 2008 FEFKZE RS, A4 RS, 2008 429 H

b=z, i, S
%Eiéz\%%%‘/?ﬁ/bmiﬁ J:é?kﬂe%ﬂ“/ﬂ'7257~®ﬁ?%'ﬁ\
H A 23 2008 FEFKFE RS, 44 TR, 2008 429 H

@ RAZ—HFK (EN=RE 80 11, EFRAwE 64 1)

Hiroaki Umeda, Yuichi Inadomi, Hiroaki Honda and Umpei Nagashima
Parallelization performance of Fock matrix construction on SH4 multi—processor system
2004 48 H 2 H 1 TheoChem (Lucca, Italy)

MR ZZH] fEE— AHZH RIEE
SH4 < /L F7° ngﬁf/;vA IR UTZ 5y F-H0E 3 7 0 75 LoD B S L300 A BE A
2004 49 H 29 B &R A TS 2004

FiE 72 B - ol I — - B - 2 PN Bk - RIRE

FMO-MO 7| ;Jiéjiﬁ*% FHLE R R 7Yy Rz mis ¢

2005 4 NA/RNT p—~< L ALY 2 —T (T LERE Y AR A (HPCS 2005)
200541 H 18 H

Umpei Nagashima, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Takayoshi Ishimoto and
Tetsuya Sakural,

Molecular Orbital of Fragment Molecular Orbital Method with Sakurai—Sugiura Method on Grid
Computing Environment.

2005 4 1 H 20 H WATOC 2005 (World Association of Theoretically Oriented Chemists)fg 7~ )
77

- 321 -



Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Tetsuya Sakurai, and Umpei Nagashima
Large—scale molecular orbitals based on fragment molecular orbital method solved by projection
method

Sk 174 3 A 15 B 229th ACS National Meeting, 2005 - San Diego, California, USA

Hiroaki Umeda, Yuichi Inadomi, Hiroaki Honda, and Umpei Nagashima
Parallel Fock matrix construction on layered multi—processor system
Sk 17 43 A 15 H 229th ACS National Meeting, 2005 - San Diego, California, USA

Yuichi Inadomi, Tetsuya Sakurai and Umpei Nagashima
Molecular Orbital of Fragment Molecular Orbital Method with Projection Method
1« TheoChem, Lucca, Italy, 2004 4~ 8 H 3 H

T. Watanabe, Y. Inadomi, S. Tanaka, K. Fukuzawa, T. Nakano, L. Nilsson, and U. Nagashima
DNA and estrogen receptor interaction revealed by the fragment molecular orbital calculation
229th ACS National Meeting, San Diego, California, USA, 20054 3 H 15 H

Interaction Energy Dynamics of Oligopeptides Using FMO-HA
Takayoshi Ishimoto, Hiroaki Tokiwa, Hiroyuki Teramae, Umpei, Nagashima
1 TheoChem, Lucca, Italy, 2004 2= 8 H 3 H

AL S F AR A - RIBE S
IRFBEN OGN F01F 203 B 7w 0 [RIAL (A2 U2 B 9~ 2 BEAR O 78
SRS A RTERE 2004, JKE, 2004 42 9 A 29 H

IR, ), RIEE T
Tahy e T a— b Ak B IR E R B D fiE T
%9 RIPERIL R Rm e FUAD, R 17T 45 A 17T H

FICFAE, ) I RIBE ST
Tkl T a— AT o R B S D B
HAR= 2= R4FER 2005, L, 2005 425 20 H

FREmE—, MEHZ0E, I58HME, Ao E, B, RIBE X
Ty R V- FMO-MO 1EIC XA RS TG s E
%9 PR L RER e . BUED, SRk 17 4 5 H

TE HE—, MEE R, R EE, AT FEE, BUE S,
FMO-MO {2 & D RIS T HIER
S TREER A RS 2005, BT, SRR 17 429 H

PR e— ., M 2200, R, Bhekth, RIRE
FMO-MO {4 - KBRS il E 5L,
HARZE 2 — 205 2005 FAEES T8, TR 17 4 10 A

Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Umpei Nagashima and Takayoshi Ishimoto
Accuracy of FMO-MO for Large Scale Molecule
The American Chemical Society’s 231st National Meeting, Atlanta, GA, USA. ik 18 4 3 A

- 322 -



i FH 22 B - i I 5 R I - 22 FH B RN - MRk A - Ewéiﬁ\
FMO-MO | otZojt%%-c %@LLJ% 7Rz
AT E 2 — 2542 2005 FHZFRES BT, YRk 17 E 5H

FsE e — . MR 7220, PR, AocdefE, Bt RIBE R
FMO Ik A KBRS THuEEHE (FFZ2E )
HARZE 2 —2{b54 2005 BRES AL, Rk 1745 A

Fi: FH 72 B < R & e — - VB Ik - 22 B N - Bk - RIBEE I
FMO-MO &35 KAy FBuE s R 7 ) R ko "] REME
Sy FAEER A BERE 2005, BT, AL 17 429 H

M 720 ARH 2208, AR, RS e —. VAR e~ R, /DR, RIEE R FFIEG,
R A0

Oy T EE B RS O B3 L VEREREAM

HAZ B 2 —2 {54 2005 FKEFES 185, Rk 17 4 10 A

Fo & ife— ., MR ZW, P8 FME, AooZEE, B gth, RIBE R

FMO-MO &2 A KBS FHEF S — A Large Scale Molecular Orbital Calculation Using
Fragment Molecular Orbital Method - (WFZEREIR)

HARZ 2 — 254 2005 FRFAFES 18R, SRR 17 4 10

M FHZ20H - R B e — - P2 0 - 2 MBS A -k - RIBE
FMO-MO {EIZ LD RKIFAL S T HE G 7V R b O T REM:
ST HEER A EERE 2005, BT, SERR 174£9 A

Umeda, Hiroaki, Inadomi Yuichi, Honda Hiroaki , Nagashima Umpei Performance benchmark of
Fock matrix construction on layered multi—processor system

PACIFICHEM 2005, Honolulu, Hawaii, USA, g% 17 4 12 A.

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, and Umpei Nagashima
Parallel Fock matrix construction on the Grid
The American Chemical Society’s 231st National Meeting, Atlanta, GA, USA. ik 18 4% 3 H.

Umpei Nagashima, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Takayoshi Ishimoto, Tetsuya
Sakurai , Tsuneo Hirano, Mutsumi Tomonari,

Development of a Large Scale Molecular Simulation Program for A Large Scale Molecular Orbital
Calculation using Fragment Molecular Orbital Method and Grid Computation Technique,

O FREER AR 2005, HOR, PR 17 429 A

JBFFHE, TS HE— MEE 2, Ao FE RIBER
FMO-MO JEIZ 31T D KMy F- HUEF TR I se 48
AAR= e 2 =252 2005 FFFE, L, PR 1745 A 20 A

JEBFETE, RS M MEm 2, o FE RIBER

FMO MO BRI D KBRSy T 80E A IR o2&
S AAEER A RERE 2005, B, ERL 1749 A 27 H

- 323 -



VR, s He—, HEm 2, it FHE RIRER
FMO-MO (B2 D KBy FiE R RO R Z D2
HAZ B a—2{b52 2005 FKEEFES, T8, Rk 17 4F 10 A 15-16 H

Toshio Watanabe, Yuichi Inadomi, Shigenori Tanaka, Kaori Fukuzawa, Tatsuya Nakano, Lennert
Nilsson and Umpei Nagashima

DNA and Estrogen Receptor Interaction Revealed by the Fragment Molecular Orbital Calculation
PACIFICHEM 2005, Honolulu, Hawaii, USA, December, 2005

Toshio Watanabe, Yuichi Inadomi, Hiroaki Umeda, Takayoshi Ishimoto and Umpei Nagashima
Application of FMO-MO for Large—Scale Molecule: Effect of solvent molecules
The American Chemical Society’s 231st National Meeting, Atlanta, GA, USA, March, 2006

Takayoshi Ishimoto, Masanori Tachikawa, Umpei Nagashima

Kinetic and geometrical isotope effects in hydrogen—atom transfer reaction: Application of
multi—-component MO method

229th ACS National Meeting, 2005 - San Diego, California, USA, 2005 4 3 H 15 H

FLFEE, NI, FREE— | MR 2, 2 EE, RIBE K
FMO-MC_MO ?f@ﬁ'ﬁ%%é:ﬂuﬁxxﬂé'ﬁ@ﬁ#ﬁ
S FAEER A RERE 2005, B, 200549 H 28 H

S ARER, Eﬁ?ﬁ%\ RUEZE o wRIABH, 371 i
\%V\? C—H---O BKFEHE AT BT D00 RN AR Zh 2 B 3 D B AR O F 78
oy 1R f:{j\p. G2 2005, BT, 2005429 H 28 H

AIeFEAE, ) I R ERE—, MR ZH, R EE, RIgE R
FMO-MC_MO £D BiFE & RN ARZD e~ DIt H
H AT Y 2 — 2Rk ZR R4S 2005, {0, 2005 42 10 A 5 H

FHJIKES, A IeFEE, 3'::%“‘%55;1\\ AR A, ST
73N C-H---O BUK B RE AT I T D2 i [RINL AR Zh S O B GG O 5T
H ZIKZI‘/I:°1~§7{K?§:\$)<*$§:\ 2005, f#)5, 2005410 H 5 H

Takayoshi Ishimoto, Masanori Tachikawa, and Umpei Nagashima,

Analysis of exponent values in Gaussian—type functions for development of protonic and deuteronic
basis functions,

Pacifichem 2005 Congress, Honolulu, Hawaii, USA, 2005 4 12 A 18 H

Taro Udagawa, Takayoshi Ishimoto, Hiroaki Tokiwa, Umpei Nagashima, and Masanori Tachikawa,
Geometrical isotope effect in various inter— and intramolecular C—H---O hydrogen bonds revealed
by multi—-component molecular orbital calculation,

Pacifichem 2005 Congress, Honolulu, Hawaii, USA, 2005 4 12 A 18 H

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

Development of protonic and deuteronic basis functions using Gaussian—type functions,

The American Chemical Society’s 231st National Meeting. Atlanta, GA, USA, 2006 4= 3 H 28 H.

- 324 -



Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Umpei Nagashima and Takayoshi Ishimoto
Accuracy of FMO-MO for Large Scale Molecule
The American Chemical Society’s 231st National Meeting, Atlanta, GA, USA, ¥k 18 4 3 A

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, and Umpei Nagashima
Parallel Fock matrix construction on the Grid
The American Chemical Society’s 231st National Meeting, Atlanta, GA, USA. gk 18 4£ 3 H.

Hiroaki Umeda , Hiroaki Honda, Kenta Nakamura, Yuichi Inadomi, Umpei Nagashima
Fock Matrix Construction on Layered Multi—Processor System
Computational Science Workshop 2006 2006 4=4 H 18 H

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, Umpei Nagashima
Fock matrix construction with GridRPC programming model
XII-th International Congress of Quantum Chemistry ICQC) 2006 £ 5 H 22 H

Umpei Nagashima, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Takayoshi Ishimoto and
Tetsuya Sakurai,

Molecular Orbital Calculation for Large Molecule with Sakurai—Sugiura Method on Grid Computing
Environment,

XII-th International Congress of Quantum Chemistry ICQC) 2006 4~ 5 H 22 H

M 7200 < R & ik — - PR i - o F - RIEE I
TV REAGT 2 =G5 7 40 74T RFH R 7 0 75 LD B %
AR 2 — 2L RS 2006 2006 426 H 1 H

B e — + A FE 22 B - B I - e 2 - 25 TP TN - ) P 5« /NiRE A - R B - RIBEE
I

TV RE 2 W2 KRS 232 —s a7 ar T A0 %
HAZ 2 — 2L FREEF2 2006 2006 426 H 1 H

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, and Umpei Nagashima
PARALLEL FOCK MATRIX CONSTRUCTION ON THE GRID
Electronic Structures: Principles and Applications (ESPA2006)2006 47 A 19 H

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, and Umpei Nagashima
Fock matrix construction using Ninf-G GridRPC programming middleware
The 232" ACS National Meeting & Exposition San Francisco, USA 2006 4£9 A 12 H

Fig: FH 72 BH < il e — - VB 3 Ik - e F - R EE I
TV REMT 2 =7 0 74755 R 7 0 75 Ao B3
2006 SRR A FRmE 2006 429 H 23 H

M2, R s e, PR EmE, AocFEE, RIBER

FMO-MO {EIZ &% KBSy THGEGHR 7 Vo REREE F ¢ FMO FH5

A A= B a—2{bF 2 2006 FKFRFE2S 2006 42 10 A 15 H

Umpei Nagashima, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, Takayoshi Ishimoto and

Tetsuya Sakural,

- 325 -



Molecular Orbital of Fragment Molecular Orbital Method with Sakurai—Sugiura Method on Grid
Computing Environment.
The 233rd ACS National Meeting & Exposition, Chicago, USA,2007 #£3 A 11 H

Toshio Watanabe, Yuichi Inadomi, Hiroaki Umeda, Takayoshi Ishimoto and Umpei Nagashima
Application of FMO-MO for Large—Scale Molecule: Effect of solvent molecules
The American Chemical Society’s 231st National Meeting, Atlanta, GA, USA, March, 2006

Toshio Watanabe, Yuichi Inadomi, Hiroaki Umeda, Takayoshi Ishimoto, and Umpei Nagashima
Application of FMO-MO for Large—Scale Molecule: Effect of solvent molecules
Computational Science Workshop 2006 2006 4~4 H 18 H

Toshio Watanabe, Yuichi Inadomi, Hiroaki Umeda, Takayoshi Ishimoto, and Umpei Nagashima
Application of FMO-MO for Large—Scale Molecule: Effect of solvent molecules
XII-th International Congress of Quantum Chemistry ICQC) 2006 4~ 5 H 22 H

Nobuaki Koga, Toshio Matsushita, Kenro Hashimoto, Masahiko Hada, Haruo Hosoya, Hidenori
Matsuzawa, Shinkoh Nanbu, Umpei Nagashima, Takeshi Nishikawa , Keiko Takano, Hiroaki Wasada
and Shinichi Yamabe

QCLDB II: Quantum Chemistry Literature Data Base Il

XlII-th International Congress of Quantum Chemistry ICQC) 2006 4£ 5 H 22 H

VBT, R EE— . MEH 20, Aot RIEE
FMO-MO JEIZ XD KI5 - #E 55 IR O 8% 0 3
HAZ 2 — 2L R EAEL 2006 2006 426 H 2 H

Toshio Watanabe, Yuichi Inadomi, Hiroaki Umeda, Takayoshi Ishimoto, and Umpei Nagashima
FMO-MO calculation for Large—Scale Molecule: Effect and Fluctuation of Solvation
Electronic Structures: Principles and Applications (ESPA2006)2006 47 H 19 H

Toshio Watanabe, Yuichi Inadomi, Hiroaki Umeda, Takayoshi Ishimoto, and Umpei Nagashima
Application of FMO-MO method for Large—Scale Molecule: Fluctuation of Solvation
The 232" ACS National Meeting & Exposition, San Francisco, USA, 2006 49 A 11 H

T 5 I i & I A R 22 B, A e 2, R B
FMO-MO 7%l _iékﬁ@ o7 T HIE R PRI RN AR IS 0D 522
2006 57 FHEIER A FEmE #R06 2006 429 H 22 H

FRiE 2. DEICE, AT, /ANUSETA, VeiRRE, 1EEFTS, BEE 2 AnFEE, RIEE R
EIRICT VTV RRIBTDIRA M T A= — BT D58
2006 4y 1SR A Eme 2006 49 H

B IERS . ZRFE—. (L =Jn, & J%‘%:\ (LR, RIgE
9- x%/W/Wt/@ So BEONS IREEIZI 1T D CH, N al#s MR
2006 7y SR A TS 9 A

RIBELR, EIFEh

?J/Mﬁm%ﬁﬁb\tjﬁﬁﬁ‘i YT 32l —ar 7 uls S AOBFE
HAR=Z B 2—2{b54 2006 FAZE4FES 2006 4 10 A 14-15 H

- 326 -



U.Nagashima

DNA and Estrogen Receptor Interaction Revealed by the Fragment Molecular Orbital Method
[USSTF & DST sponsored Lecture series on discrete mathematical chemistry (with ap
plications to drug discovery, environmental protection, genomics, and proteomics), Ban
garole, India, 20074E1H 7H —12H.

U. Nagashima, T. Higuchi, T.Aoyama
High—speed pseudo—orthogonalization for the Car—Parrinello method
The 233rd ACS National Meeting & Exposition, Chicago, USA, 2007 #£3 A 11 H

Umpei Nagashimal, T. Watanabe, T. Kohzuma, Y Uchida, O. Yamauchi

Ab Initio MO Studies of the Weak Interaction in Cu-Histamine-Tyrosine Complex as
an Mode of Pseudoazurin M16Y Mutant

IC’ 07(Joint conference of the inorganic chemistry division of Royal Australian Chemical institute

and Inorganic and organometalic specialist group of New Zealand institute of chemistry), Hobart,
Australia, 2007 %, 2 H 3 H-10 H

Takayoshi Ishimoto, Masanori Tachikawa, Hiroaki Umeda, Toshio Watanabe, and Umpei
Nagashima,

FMO-MC_MO method for analyzing H/D isotope effects in large molecules,

Computational Science Workshop 2006, Tsukuba, 2006 £ 4 H 18 H

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

A fragment molecular orbital-multi—-component molecular orbital method for analyzing H/D isotope
effects in large molecules,

XII-th International Congress of Quantum Chemistry (ICQC), Kyoto, 2006 45 H 22 H

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

Development of protonic and deuteronic basis functions based on multi-component molecular
orbital method,

Electronic Structures: Principles and Applications (ESPA2006), Santiago de Compostela, Spain,
2006 47 A 17 H

Takayoshi Ishimoto, Hiroyuki Teramae, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

Intramolecular interaction energies during dynamics simulations of oligopeptides by fragment
molecular orbital-Hamiltonian algorithm method,

The 232" ACS National Meeting & Exposition, San Francisco, USA 2006 49 A 12 H

AICFEE, )M R ERE—, MR ZH R EE, RIBE K
Zahy T a—har ORI K HHH B R D2
HARZ 2 — 2L FEFL 2006 2006 426 H 2 H

A TCFEAE SO - FE & I — - Mg 22 B - PR T - R EE
KD FLEE RSB 2 AT 7= GTF OfRMT

- 327 -



Sy FAEER A RERE 2006, ## . 2006 459 H 23 H

TR 2. LEICE, AT, /ANUSESA, EiRRE, TEEFTS, FEE . AnFEE RIEE R
EIRITET VIV A RNIB T HIREME T A= — 2T HHF5E
Sy FAEER A FERE 2006, FRf. 2006 459 H 22 A

KRS, R E R, BIgE
CoH %3 MRCPA 8L 58 1k
Sy FAEER A FERE 2006, FF. 2006 459 H 23 A

FLFEE, NI, FRE E— | MR, e E g, RIBE K,
MC MO JEIZ IS4y T8 ) 3 E
AR 22— 2L EETZAES 2006, AR, 2006 4F 10 H 15 A

TREARE, FRi 2., AnFEE, EEFE, RIEE
ERICT T X LE V- Enkephalin O & i@ (10)
H AR 22— LS FTRAES 2006, EEE, 2006 4= 10 H 15 H

R T, TPILIAET-, 11 R, RIBE S

K TEYMET (SPM & NOX) IZBAT 2001 (Z001) —2004 4E T4 R 7 — 2 L RO S i R T
— V-

A AT 2 — 2L AR FRAES 2006, A, 2006 4 10 H 14 A

LR 7 e, B R RIBER
KEIBGGE (SPM & NOx) IZBIT 25001 (£02) —2004 - =K ET —H & F 0T~
H AR 2— 2SR FRAES 2006, B A, 2006 4= 10 H 15 H

B AR RIBEx
Car—Perrinello {EDHNEE D 7= DUTEI~ 7 MV IEHLE A b1k
H AR 2— LA FRAES 2006, BAE, 2006 45 10 H 15 H

FHEET- AooFHE, RIBER,
STINAKEREICBIIAEOR M — B R RN AR B—
%29 [MEMRALFEEmes . Bk, 2006 £ 11 A 14 H

% M N, ok, ek, RIBER

JEEIAE 53 % T [E A RS LD — AL E A RO K 4Rk FRE s — R R~
AR & AR ML O H -,

55 4 BIFHREECEE S, BUER, 2006 4 12 .

fif] FH B =2,

BER XTI KT D RILER OGN 715122V,

55 4 BIFHREECEE S, BUER, 2006 4 12 .

INEERRN, ek, RIBE

JE R 55 2 PN AT (AR DB 4y 22 R AR |2 L DM B i,
55 4 [BIFHEECEE S, BB, 2006 4 12 .

ARG, IR, IR

- 328 -



GridRPC/MPI /A 7V RIZ X AEIEZ BEY A —MF& Arnoldi ¥,
% 4 [PIFHEECENF TS, BUER, 2006 4 12 H.

Sel A, 26 MEFE A, ek
TTFENDE oy HEYE AL A PN = B A 85548 OHEE 1,
% 4 [BIFHEECEA RS, BUAD, 2006 4= 12 H.

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, Umpei Nagashima
Grid—enabled Parallel Fock Matrix Construction
MATH/CHEM/COMP 2007 (MCC’07), Dubrovnik, Croatia, 2007 £ 6 H 14 H

Hiroaki Umeda, Yuichi Inadomi, Toshio Watanabe, Takayoshi Ishimoto, Umpei Nagashima
Efficient parallel Fock matrix construction on the Grid

American Chemical Society 234th National Meeting & Exposition, Boston, USA, 2007 4£ 8 H 21
H

RS, BEkt, AorafE, HEHZE, JE85H
TV REZ W KBS 332l — a7 as I A0 B3
HARz E 2—2 55 2007 FHEFELS, WAL, 200745 H 24 H

MEMZZH, FREkE—, M8 HME, foHFE RIBEEL
KB Fock 1783 R 7 07T A B3
HESS TR EER S 2007, UG, 2007 429 A 20 A

MR ZZEA, FRElE—, I8 HFE, foFt, RIEER
KHAE Fock 17447 07T LD B3
HARD B a—2 {54 2007 AFFAFS, MR, 2007 4210 H 7 H

FIRE L, Egkth, SO, oo, HEmZ2, JERH1kE
TV REZE AW KBS 32— a7 a /I 03
HARD B a—2 {54 2007 AL, MR, 2007 4510 H 6 H

\

<

W% FE, Ao FE, BNR, MEME—, BHE 2, Big =
757 Ak MO 1255 Epidermal Growth Factor (EGF) 52 IR OMEHT
AARa B a—2 {54 2007 FBFFL, 200745 H 25 H

Toshio Watanabe, Takayoshi Ishimoto, Yutaka Tamura, Yuichi Inadomi, Hiroaki Umeda, Umpei
Nagashima

Interaction analysis between EGF receptor and EGF by fragment molecular orbital calculation
International Symposium on “ Molecular Theory for Real Systems”, 2007 =7 H 27 H

Toshio Watanabe, Takayoshi Ishimoto, Yutaka Tamura, Yuichi Inadomi, Hiroaki Umeda, Umpei
Nagashima

Interaction analysis between EGF receptor and EGF by fragment molecular orbital calculation
American Chemical Society 234th National Meeting & Exposition, Boston, USA, 2007 4£ 8 A 21
H

Ve FiE, fov FEE, BHAR, MERE—, fHH 2P, BRI 2
FMO 51255 F R HERa G E R 52 AR (EGFR)O HH A.AE R fiftfr

- 329 -



[0y TR Fatima. 2007 49 H 19 H

S

\
Y

e FIE, Aot FE, B, MEME—, fH 20, BIE
FMO B2 8% E R o EEFE IR 752 RAR(EGFR) O FH H.AE FH fRAT
HARZE 2— {024 2007 FKFAES, 2007 4510 H 7 H

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

Development of protonic and deuteronic basis functions based on multi—component molecular
orbital method,

MATH/CHEM/COMP2007, Dubrovnik, Croatia, 2007 4= 6 H 12 H

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

Multi-component molecular orbital calculation of hydrogen molecule,

International Symposium on “Molecular Theory for Real Systems”, Kyoto,2007 & 7 H 27 H

Takayoshi Ishimoto, Masanori Tachikawa, Yuichi Inadomi, Hiroaki Umeda, Toshio Watanabe, and
Umpei Nagashima,

Analysis of protonic and deuteronic basis functions using Gaussian—type functions

American Chemical Society 234th National Meeting & Exposition, Boston, USA, 2007 4£ 8 H 21
H

Ao, ) I FREE—, e 220, 885, RIBE K
Ek/\/\%;ﬁnﬁ(z%gﬁﬁb\717J<$§7\%0>i/7\ﬂ/ﬁ?‘—n+
510 FIEER bR S 4=, 2007 425 H 14 H

GLICFEAE, ST FRE . M2 R HgE, RIBE K
LAY FETEIC YD Hy 5 F O L X —EHE
HARD U 2 — 2SR IRES: 2007, AT, 2007 4E 5 H 25 H

AoeFEAE, ST, R i — *ﬁﬁﬂ?ﬁﬂ\ R FH I, RIBE K
Eiz/\éz\%%ﬁxf%ﬁﬁu\m%ﬁj\ %6 AT L —EHE
DT REERER S B, 2007 4£9 H 18 H

SRR AREAT. FEH, LA, A fn%’afi FIEE L
I—J/)’L(ET/V:’ UX LI BITHIREME T A—2— B4 01721
DT REERER S A, 2007 4£9 H 18 H

RN, R E G, RIEEE
BREBENARTARO SR EFHEICLDE FIREEE 0 E S
g EERRER S LS 2007%9 H 19 H

AICFEAE, )L R E R MR /}E@%ﬁﬁ RIgE R
MC_MO-full-Cl £ LDk FE S T DR —FHHE
HARZE 2 — 2L FKZRAE 2 2007, A, 2007 £ 10 A 6 H
PRI Z . AJREETT. EE S, It A E, RIBE
EIRITET VIV AR T HIRAEME T A= —D Rt

- 330 -



HARZ Y 22— 2R FkZRAE 2 2007, MRS, 2007 4£ 10 A 6 H

FHFEFEAT. FRR 2 A FE, RIBE L
L5 5y FHE VRS LD AT OV ILRIERICAES H/D RNCAARD B A aF4e
AR 2 — 2L FEEFFAES 2007, M1, 2007 4210 H 7 H

A, Ao, RIBER
KT B=T ITAL—ITRBIT DK G DRI A
5 30 [ B L Rtam e . AR, 2007 45 11 A 15 A

e BT H)IRER, SENH 8 2R3 50 F- BB 1542 O T EENE S 7 O KRR B S B
LERREIRETE, A A(LFRE 88 BFFR MK - MRy 78X 2008 4 3 H

B, 321z, MALDI (28550 A A AR 350 F8i /15 a2 —var H
AACFE 5 88 HBRFES | SHK T T v /A 2008 4F 3 A

MARES:, BRI S8, Ab initio #REEFE 50 70180 )1 5% O T2 - AT MV OERT
HAML R 88 BEES | MHRF - thiSF v /32 2008 4 3 H

AR Ml S Fz NI A BB RRONEE FWTRAA L 7T A5 — Offdr, 1105y
FREERR S BRI AR v 2R 2 2007 4 9 A

FHEOKER, HH B, S A8 - M BREAT O 72D D5 L HBIILBI DB % | 26
1y Rt e LR AR v 7322007 49 A

Taro Udagawa, Takao Tsuneda, Masanori Tachikawa,

Development of the Multi—component Density Functional Theory, The 3rd Asian Pacific
Conference on Theoretical & Computational Chemistry (APCTC III), Conference center of Jiuhua
Spa and Resort (Beijing), 2007 & 9 H

Kimichi Suzuki, Motoyuki Shiga, Masanori Tachikawa,

Temperature and isotope effects on hydroxylated water clusters with path integral molecular
dynamics, The 3rd Asian Pacific Conference on Theoretical & Computational Chemistry (APCTC
I1), Conference center of Jiuhua Spa and Resort (Beijing), 2007 %9 H

Kimichi Suzuki, Motoyuki Shiga and Masanori Tachikawa,

Temperature and isotope effects on hydroxylated water clusters with path integral molecular
dynamics, The 1st International Symposium on Molecular Theory for Real Systems, FRHR KT AR
P AL 2007 HE T H

H. Umeda, Y. Inadomi, T. Watanabe, T. Ishimoto, T. Yagi, U. Nagashima

Grid—enabled Large Fock Matrix Construction for FMO-MO Calculation

World Association of Theoretical and Computational Chemists (WATOC) 2008, Sydney, Australia,
2008 49 A 15 H

MEME, R, WA AN, L, RIBER

TV R N KB Fock 1T4IEHS 7 02T L0 B3
HARz Ea—2 5% 2008 FKZEEZ, &A1, 2008 429 H 28 H

- 331 -



FUgsE e, #URekth, S2)IMh, Ao, MM, JE8HF1E
TV REMTE W KRRy o= —ar 7 ay 7 A0 R %
HARz Ea—2 55 2008 HFEFES, WAL, 2007 45 A 22 H

FURsE o, B Rekth, S, Ao, MHEZW, JURRL, 85551
TV RENE W KBS T 32l —ar 7 al I A0 B3
HARz E 2—2 5% 2008 FKZEFZ, &A1, 2008 429 H 27 H

H. Umeda, Y. Inadomi, T. Watanabe, T. Ishimoto, T. Yagi, U. Nagashima
FMO-MO - molecular orbitals of the fragment molecular orbital method —
IPAB2008 / AHeDD2008 A fals v Ry oL, HWE, 2008410 A 17 H (F1E)

H. Umeda, Y. Inadomi, T. Watanabe, T. Ishimoto, T. Yagi, U. Nagashima
Grid—enabled Large Fock Matrix Construction for FMO-MO method
[PAB2008 / AHeDD2008 A fals v Ry oL, HWE, 2008 410 A 17 H (F1E)

H. Umeda, H. Tadano, T. Watanabe, T. Sakurai, T. Ikegami, U. Nagashima
Molecular orbital calculation with 100,000 bases using FMO-MO method: Distributed parallel

construction and diagonalization of semi—sparse Fock matrix
SC08, Austin, USA, 2008 £4£ 11 A 18 H (FiE)

T. Watanabe, T. Ishimoto, Y. Tamura, Y. Inadomi, H. Umeda, U. Nagashima
Interaction Analysis between the EGF Receptor and EGF by FMO Calculation
WATOC-2008, PP327, Sydney, NSW, Australia, 2008 49 H 15 H

T. Watanabe, U. Nagashima, T. Sakurai, M. Tachikawa, Y. Inadomi, H. Umeda, T. Ishimoto
Molecular Orbital Calculation for Large Molecule with Sakurai—Sugiura Method on Grid Computing
Environment

WATOC-2008 Satellite Meeting: COMPUTATIONAL METHODS FOR LARGE SYSTEMS, P01,
Sydney, NSW, Australia, 2008 4£9 H 12 H

Ve T, REHE -, MEE BV, B ER
757 Ak MO K TN FMO-MO 151205 DNA O T4k 85
AARZE 2 — 2 052 2008 FRFRAEZ:, %0, 2008 4F 9 H 28 H

Takayoshi Ishimoto, Yasuyuki Ishihara, Hiroyuki Teramae, Masaaki Baba, and Umpei Nagashima,
H/D isotope effect of methyl internal rotation for acetaldehyde using multi—component molecular
orbital method,

Electronic Structures: Principles and Applications (ESPA2008), Mallorca, Spain, 2008 #£9 A 3 H

Takayoshi Ishimoto, Masanori Tachikawa, Hiroaki Umeda, Toshio Watanabe, Umpei Nagashima,
Simultaneous Analytical Optimization of Variational Parameters in GTFs with the Full-CI of
MC_MO Method: Application to Isotopomers of the Hydrogen Molecule

WATOC2008 (World Association of Theoretical and Computational Chemists), Sydney, Australia,
200849 H 15 H

AT SE B R ZE PR AR, RIBE K

LRy 5y THETIED BT L H/D RINARZ) SOt
%2 |y R RRER S A, 2008 429 H 24 H

- 332 -



Ao, NI MR 2, B A, RIBE K
%53 5y B 1A O BR 3 LRI AR h S D fRhir
AR 20— 2L EFFAEE 2008, [, 2008 4F 9 H 28 H

/NBAYE ST
GEP Z~_7 L DLy R T RAH =K LOFR
5% 2 By PR R R fEl, 2008 4F 9 H

BT BN, FMIKER, S,
SRy 5 T IE B SRR 5 10 K SRR A V2 5 B BE R AR 4
2 [y TRVE A2 . I 2008 4F 9 J

R AL, SO AT BRI BEZE
3T VRS I D BRI fRAT |
%2 Bl RV R e falh, 2008 49 A

B, I
MALDI IZEIT 55 F 7 ah AR O BRI 52
%2 MR ERER S fE i, 2008 49 A

PrEgnsh, dbssifE, aiBE s, SO g
Sy BT ANV EIE D E S0 T ARG RO BRI |
%5 2 By FREER R f@ i, 2008 42 9 H

AR TEN, EE Rz, )1
Ab initio #EFEFES> 53 T8 )ik a O TRIRIE TR DK A5 — DT
55 2 [y FRHEERR | M, 2008 49 H

Yukiumi KITA, Ryo MAEZONO, and Masanori TACHIKAWA

Development of Translational and Rotational Free Quantum Monte Carlo Method, The World
Association of Theoretical and Computational Chemists (WATOC2008), Sydney, Australia,
2008 4£ 9 H

Kimichi Suzuki, Motoyuki Shiga, and Masanori Tachikawa

Temperature and isotope effects on water cluster ions with path integral molecular dynamics, The
World Association of Theoretical and Computational Chemists (WATOC2008), Sydney,
Australia, 2008 £ 9 H

Takashi Kuchitsu, Junko Okuda, Motoyuki Shiga, and Masanori Tachikawa
Excited State Dynamics of Molecule by Using Gaussian Wave Packet, The World Association of
Theoretical and Computational Chemists (WATOC2008), Sydney, Australia, 2008 49 H

Masato Kaneko, Taro Udagawa, Masanori Tachikawa

Theoretical Study of the Hydrogen Bonds in Functionalized Molecules using Multi-Component
Molecular Orbital (MC_MO) method, The World Association of Theoretical and
Computational Chemists (WATOC2008), Sydney, Australia, 2008 =9 H

Makoto Hatakeyama, Masanori Tachikawa

- 333 -



Molecular Dynamics simulation for the Protonation process in Matrix—Assisted Laser Desorption
lonization, The World Association of Theoretical and Computational Chemists (WATOC2008),
Sydney, Australia, 2008 £4£9 H

Tomohiro Takeda, Yukiumi Kita, Ryo Maezono, Masanori Tachikawa

Theoretical Analysis on Positron Halide Complex by Multi-Component Quantum Monte Carlo
Method, The World Association of Theoretical and Computational Chemists (WATOC2008),
Sydney, Australia, 2008 49 H

Masanori TACHIKAWA
Development of Multi Component Molecular Theory and its Application, Electronic
Structure: Principles and Applications, Majollca, Spain, 2008 %9 H

Yukiumi KITA and Masanori TACHIKAWA
NUCLEAR QUANTUM EFFECTS ON MAGNETIC PROPERTIES OF MOLECULES, Electronic Structure:
Principles and Applications, Majollca, Spain, 2008 %9 H

A Wi, BB, STl
BRI FE T IEZ N KT T AR — A T DR FE A
%11 BIEGR L FR R S . BEG KSE, 2008 4 6 H

P B TS Bz ST
T AR R A N B BRI DEF X AT IV A,
55 11 [mEER LR BRIGKT:, 2008 4F 6 H

(3w i
OEWHEE Of)
@5 R (0f)

(DzHEE

PRk 19 4 SCHRRKEREY B EINE SRR EE)
A7) 1= Hh
[FHEB AR AKEBRET VI 2 L— 3 VOS]

HAALSEH 87 MIFRF RS T4 E

b=

(R E T T ANk KD 2R 105+ ~DO5EWag 2 B4 5 BRI 7t
HAALSFEH 88 RIFEF RS T4 MHE ] -

A Ml

MR BRFE T VEZ N2 K 7T A — A o DR AR A & RN AR ) B D AT |

A A A S22 2007 EEEES T FEFH HHE

ANFERE, 2 HEE N, gk,

[N B T B 2R U7 BT & 2 0D Cell 7 ay ¥ TS,

2008 A H A S O 25 U

- 334 -



RO, FHEHL, Bk,
[ S B S S A o e i %ﬁﬁmmwﬁU%ﬁwt

H At A

K%imﬁ

o

=

&

PYPNEIN
F 2= i nu ,

CER PN =R
Vol. 16, No. 3, pp. 149-164 (2006).

BNANRT =< AL 2 —T 4 T EH AR F VR 5 HPCS2008 HefE

Kﬁiﬁ Z RN, IS,

g FE TR
il
15 HRALF

H Krylov #

pp.99-106 (2008).

(5)Z DAL S

GIN

I
RO

rnm
Fll

T. Udagawa and M. Tachikawa,
"Review of Multi-component Molecular Orbital Theory” (Progress in Quantum Chemistry
Research, NOVA Science Publishers,Ed. Erik O. Hoffman), 123-162 (2007).

SO B, ZRkF 24, L. Pichl,
L) HARYH

AL N
FI=A0

§7 WFFEEHIR A OERTES

T— s ay T IR W

NANT F == AR a—T (T LR RF L AR YD L HPCS2008 §

(K581 Doy ~DFL 51 FE : PET(85 5 1 Wi g
vol.62 , 622-626 (2007). (in Japanese)

B4y ZE AR EIZ BT BB T 7 MLFED Cell BE T FLELMFERE

ﬁi%)

i 15) D L

H#HH Eayi Bl SZIMANE |
2005 =12 H | Joint Workshop on WO (PERR (63 FHEAL S & A R o
5 H Computational AR BE LY BRI 20t

Chemistry and 4 k)

Numerical Analysis in

2005 (CCNAO5)
2005 4 11 H | FUES R A A BRAR AT IF 5T | HUER 72 HER RO LR #
30 H—12 H |t (RIMS) J:[EIMF7ELE DOFEJRIZEET D WFEE R
2 H = [HEBFO R

e zo3shkE) (H#E)
2005 £ 9 H IS Y SFESA— UG 80 FHEAL T & B R O Rl
24 H HFIAAX Ry v AT AR

M3 BB %, 1T

F1) « [ fiE ) RE oD fig

EEZEOIGH (GHE)
2008 /£ 1 H | TF—Lt&IF— Kbk (PERR |15 AR L O, WFER R
19 H )

- 335 -



§8 FEW

WFFED BAEEED D R B 1T S < BN R OB RIFREZ VDO TH -7, CREST D&
TIHWT NV —T 13T HD T, 5% O RO REIIS I LI AFZEE DME 2 12 T> T2 e
(2725,

MREREZLL TCOT Y =/ NEEZOWTE, T —2OMSIPEEAHERFL | 720 D BRE 7240
Fe IRHI ZHERF 22 LT FHBIIFICPARL 72 LA EORFSERR R A S D 2N T, fF5eE
DRI N E LB FETHIL, AFE A IREBFTE R R DO TR DI T, AFFEE HME 2 72
7254 A 5 A (RFCE 6 A) ORIZBES LD B E 7 E B I H S 230 e b7pnol-04 52k
BBV, KA THoT-, B TWIEE DB RIZHOWTE, BEBIIZITV)., ey Mah CBEIL
TSRO, A DFAERGL, D6 2 ADBBORANAGHZ LN TET, £, HEH
NEBETHLFEDN, HARMEFERICBWTPRAEMEE R, "M/ T7 =< Aava—T 7k
RS HPCS2008, A ARG ABESAICB W TRES m CEE2SH T HIENTE,

ARFZEIL, KRB THLE R R A7 Uy REHREREE (B FIBREE) THRITT 5720 0 BAED
THY, FHEALFICBIT A KRB B ol — ar OB HIEEERE O HICEL T, &
LRI R LT ThRITUT R DR - T2b D TdH D, A CREST OFIEEICLY, ZhaFE(TT5
ZENTEEZDF, EFICKRERETHY, Tul I LBROE —HE2EITTIHIENTE R, 2D
JEIT BT CREST (ZIEIE#HTT 5,

L2L7235, CREST #& TIZY 720 A% O THEIEE D HAHNLT 720 T2 RAR 28 Tehjf
P T — DDA RERSSIL, AR TH LT v s T LR L TS EDFER
ICHELLS, RO E HIeHERF O TR N AZ T B I ITENTNDHEZATHD,

CREST TSN 7077 LD AT 57 vy = 7 MR IR E A A B35,

- 336 -



	長嶋チーム
	§１ 研究実施の概要
	１．研究概要
	２．研究実施内容

	§２ 研究構想及び実施体制
	(1)研究構想
	(2)実施体制

	§３ 研究実施内容及び成果
	３．１ 産業技術総合研究所 長嶋グループ
	(1)研究実施内容及び成果
	① FMO-MO法
	② FMO-MO計算プログラムの開発とグリッド化
	③大規模FMO-MO計算の実行
	(1)上皮成長因子受容体(EGFR)
	(2) Lysozyme
	(3) DNA の電子状態計算

	④ ポテンシャル面探査分散処理システムの開発
	(1) 短すぎるＦｅＣＮのＣＮ結合距離 ― ＦｅＣＮとＦｅＮＣの分子定数 ―
	(2) 短すぎるCoCN のＣＮ結合距離 ― CoCN の分子定数 ―
	(3) ＣｏＨの分子定数
	(4) FeCO のLow-spin/high-spin 状態の分子定数



	３．２ 筑波大学 櫻井グループ
	(1)研究実施内容及び成果
	① 櫻井-杉浦法（SS 法）の理論解析と安定化のための技術開発
	② 分散計算機資源の利用と計算の高速化
	③ 実用性を高めるための技術

	(2)研究成果の今後期待される効果

	３．３ 横浜市立大学 立川グループ
	(1)研究実施内容及び成果
	(2)研究成果の今後期待される効果


	§４ 研究参加者
	①長嶋グループ
	②櫻井グループ
	③立川グループ

	§５ 招聘した研究者等
	§６ 成果発表等
	(１)原著論文発表
	(２)学会発表
	① 招待講演
	② 口頭発表
	③ ポスター発表

	(３)特許出願
	(４)受賞等
	(５)その他特記事項

	§７ 研究期間中の主な活動
	§８ 結び


