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received permission to the reprint from Cambridge
University Press.)
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5, CHHTHDIZHELPDLLT, Zhb DR
A Z1% extern "C"7 2y JNTHEE STV
Zxt L Cid4riz~r 7Ly, ZhiaeTtoa



YoNA T THE O AR E EhEV L T, gHRe
Visual C++IZBEICEN TR b D HiFkD s Liv
RO D TEROIZDIZF L TRV,
BB 0T 2 L TH D03 sxe++ T extern
"C'Tmy JNILT R A TEER G DDA
i~ IV ESERNWEIICTHZLEbHkD, £
UESY S PR NN Y O R A i
ELFIT—XUCY V7 ETITH Z L TH D,
> sxctt Y—RT7A )L 1.cpp (Ffzldc)
TF7AI2.cpp (Ft=ld o)

V=R

2.3 BEISADNBRETHIRSAVEICKHEE
RYJ FIVIEDBRE
FOR U RS ARED L Dot R
YRR (F5E[M4]199 X—2) ZfRTH L, 1L
A EDN—TPEBHRT M LIS TW R T,
JRIR D 1 21%, #iid o & 5 ITHHAIAR TRV E
N—THNTHERH L T2 & THDH, FFOH LT
VOB OM B E R OV NICEEE S AL, B
N /A LTHTZ, L, 7 ks
NIRWER % 2 b olz, FolEAZR~DOH
2. BIEZ ZARRET 2R A 2 RAEBRT b
fEEHEL TS ZERghoT, ZRHDHRA
LIS ZBRICER T D 72O L TV 5, H
B2 Z APMEET 2R A > X IR DB 28 2 T
HEAET 2720, BIOBEETY RLAZ G DM5
ZEMTEZLHTES, LT FLARNEESH
TWe b T =2 RFEBMRBFAT 2 00h LiL7ewy,
ETIEEDIDAN TR L R D3 HEE Y
MAEHEDMT O AR B D, Ko THEINY L
b2 ZRERHEL TV THD, L<RD
& FHIEM4]120 X—VICFEUBERTINTND
B, IITADMRAETLHRA L ZIZHETTEDL LW
IZH TR Do T,

a7 I =i 7 FL2REFOLEITRV] L
PR = A A et = N v g W = Sl SN 55 [N 27 R
TE, TOHEEIFSIEBIRENTWS, a3
A Z A7 a v -pvctlnodep & -Orestrict=value T&
%o BIFE IR LL—TI2BW T — 2 K7 IR

WIRNT & $E T value DEIZ L > CTT RLzdk
ANRVHPE T 0 ST~ PMEET 5, EHEOBHA,
T RVRELEETDRA 2R —HR DT,
-Orestrict=all Z /] L7z, (REITRT L 912, FE
X7 RLAZIETDHIRA 2 &2fFoTWD, Lh
LZENSDRA APV —TNTRCE NS Z &
M7=, -Orestrict=all TRIEEZ2,)

2.4 ROMLRZERSTHHDIE

vl or—7nHA
7 bk aiiz, 2 oo 7 a7 T Ligd
T, ZTORETOEZEDT 0 7T MNIZRILTL—
TEFD, 2 BA—T o T, ZOHE, X
7 MBIV —TIZoREH &b, NEID
N—T DR IR LE (=3t 5 5 Ok 520
DINS WA, _7 VLU AZ ERFCAR LTI
RThD, FolEMERD L, A7 b
H 513 256 L ENWTHD, AEIOFETIE, 256 [H]

FO PR/ SWVEVIRLIZRDZ LD D, £
TN —TH—EL, LIYRAZEGHRILEMRT
LZlrEZ, V=7 O—EtZar A TET
= -pyetl,collapse (2 L > TH TE 5728, Hbag|
TERMEZ > THRA DT, 1 RILALHIIZ 2 RoLT
— X EMIHEMN L, SHIV—T B —EIIRD
EokkrFuroraEExic, L, UTOX
DI LREATV, HEIZS LT 2 RalINZ B 720
HoBAN R LT,

HAKICIZLL T D 4 oD~ 7 a 2B Lz, <7
anW1DAmmvix%)%%%%%:%%%
FrT 5, BEMRICRA 4% 0 TUIHHLL TR
H\DHEEJQAWMY:iOT$ﬁE&%W%
THOVATERTHENTES, ZhbiznTh
LB O THY | 2 WoiHE THW ARSI D
Welfds L OMR BT~ 27 = NEW_2D_ARRAY_AS 1D
& DELETE_2D_ARRAY_AS 1D #3179,
t#idefine NEW_ID_ARRAY (/* EXRMDE! */ type, ¥

/% RA B */ ptr, /* BFRE */ imax) ¥
if (1 (ptr = new(std: :nothrow) ¥
typelimax])) { ¥

A7 3 v -Orestrict=all 1=

LA



printf ("bs (ou): 7, ¥
_FILE_, _LINE_); ¥
perror (NULL) ; ¥
exit (EXIT_FAILURE) ; ¥
} // ptr[0], -, ptrlimax - 1] T72 €&
// #include<new> HSIHE
idefine DELETE_1D_ARRAY (/* R4 > & */ ptr) ¥
if(ptr) { ¥
delete[] ptr: ¥
ptr = 0; ¥
} // NEW_1D_ARRAY THER LT= A E ') DR
#define NEW_2D_ARRAY_AS 1D( ¥
/x BROE */ type, ¥
/* 2 RTEHNE LTDRA S x/ ptr2D, ¥
/¥ 1 RaBFE LTDORSA S x/ ptriD, ¥
/* B1RTAMERE */ imax, ¥
/* B 2RTARERY */ jmax, ¥
/x VEERBH +/ ) [ ¥
NEW_1D_ARRAY (type, ptriD, (imax)*(jmax)); ¥
NEW_1D_ARRAY (type *, ptr2D, jmax); ¥
for(j = 0; j < (jmax); j++) [ ¥
ptr2D[i] = ptri1D + jx(imax),; ¥
] ¥
} // ptr2D[0][0], .-
// pt2Dr[jmax - 1]1[imax - 1] TF7 Y £ X,
// ptrljl1[i] = ptriD[j*imax + i]
#define DELETE_2D_ARRAY_AS_1D( ¥
/* 2 RTEHNE LTODRAS >Z */ ptr2D, ¥
/* 1 RTEFIE LTODRS B */ptriD) { ¥
DELETE_1D_ARRAY (ptr1D) ; ¥
DELETE_1D_ARRAY (ptr2D) ; ¥
1 // NEW_2D_ARRAY_AS 1D THE{RL 1=
/] AE ORRK
FHRZEM O 1, 2 oL 10 O T 18 & T i
imax, jmax & L. &7 5.2 & OWHiE % double T
AN DA 2 BRI DR, RIS 256 & hl L L
T~ 7 uDOEELZER~S, IVNIZIT 1R8I 2K
JCEREHND 2 DOERBRH Y . TNENDRA o F %
alD, a2D &+ %, 7

double *alD = 0, *xa2D = 0;

int j; /] VEEEH
NEW_2D_ARRAY_AS_1D(double, a2D, alD, imax, jmax,
i

IZE o TARA VX ESE LRSI A B HER T
%o EERIZ double BY Dl 2 #4413 2 DI alD 12|V
BTHONE 1 Rl THY, £ OEFRHPIT
imax*jmax Toh 5, AU SR T & OYEE N E
BRACH S D, BIRMISE~ S & FHRZEMN
DEBE O T ROF 1.2 RTEOT R A2 ZEh
i(=0~imax -1). j(=0~jmax-1)&JHIE, Ok
TR TOYEE % alD[j*imax + iICHEMT 5 X 51
T %, alD & — & b/ — 7 CHEATIIEME Y K LK
I imax*jmax (2720 | imax F 7203 jmax TR D iR
KO BT ML UREERNMZ 5, alD (TH
PRV IR LR D —T | FRCENFIRO L —T
THWS, ZhTck<Aunsnsd alDK] (k iZr—
TFTNTHWEA VT v 7 A) IS 2 EEICT 7
AT L5E, B 1 2RCH R TENEL alD[k+
1]. alDk*imax]ZFIHTHNIXRWZT TH Y, =
— ROWFMEEEETZ L b,

7272 LR T AT v U ARG T e L &
Heh, BEREECTHARALZY T554 T alD
o TV D L a— FORFGEMENED D, £ TH
WHERDDOMES] a2D TH D, a2D (21 jmax {H D
BWHRE L ORA U ABFINEID B THh, FEEN
alD Ti = 0IZRDGHT 4T L DI~ 27 v N for
LTHELTWS, ZhICED | alD[j*imax + i] =
a2D[jI[i] D BfR & /e & 5, a2D = HW i, il x
X0 = imax - 1 ®#0E a2D[j][imax - 1]& FiL T,
alD[j*imax + imax - 1]& F< & 0 b a] Gtk @y, C
S 1 RTBANDERR EFBVIZE L Roc MDA
VT I AERRKRIZL TS, DFE D a2D [i][] Tk
72 2D [l T7 27 AT 5 2 LICHEE N LB
Lie, BERG 72 CIE A S8 D01 ks 2=
FITHRT/hINW=d, Vv—T% 7 ML LTH
ZHIZEBRIT EN L2, A S X FE &80 &
VBN RREZBZXTRTH D, o, AEY Ofif
BCIFELTF O LS IFEFIT L,



DELETE_2D_ARRAY_AS_1D(a1D, a2D);

UbLDT AT 4 TIXFEFEELY) OF L0 OT
R0, FAERRIC ZEEN 2V BE L FERER
OREHEFIE S 47> & FORTRANT7 CEM L7 EAENE
REROBEHE T 0 7T 2 NP2 2R d
Do TDTOTTIIZDTAT AT NEVIAEN
T, 72721, 235213 EQUIVALENCE X (A&
VIEERET D) MMEAS T, BRI
LT L HITELLLZTF TR,

DIMENSION A1D (IMAX+JMAX), A2D (IMAX, JMAX)
EQUIVALENGE (A1D, A2D)

FORTRAN D56 2 otk O EFEIE DO A
WONTHEEINR K AEY RIS Z EXRIAES T
W5, Tk 1RSI TAE) 2HETH LI

V. A0f T AID(J - D)*IMAX + 1) = A2D(I, J)
OB ERT-E 2% (FORTRAN TlidA T v 7 AR
1L DhEE DT, KBNS DR D), Z O
CHTEASEDLEDITHITR LIz~ 7 v 2B L
72

2.5 [ISNAN. ISINF @ERY KLy

AL~ 7 v Zeffi o 72 fids & i C—E b —7
ICEXEL, a3/ LL7zE A ZRHDL—
FELDERWTETHEINY MubEniz, 7
LSRRV DA =D E D &
Vectorization obstructive procedure reference. :
_Dtest

EFOREIN Tz, _Dtest &9 Ffge & D3Mal 72 D)
DNHIRMDTZIN, X7 ML TE L —T L 2D
N—TNEI2 DO N—TNT~ 7 1 isnan & isinf
BTNl L Thole, ZHNHITFIHEORERE
BT 270 EA LTS, EBIZZhbD~
BEARXANT T NTHEHBNT METET,
LL, ZibD~7 nOiiEd &5 LThHiN7z
Mmole, VO DIE, FENEB LI E EOMEIT
RE-TBY, FHAT v 7 E2/h& < LTHFRT
DL, BbiX7 e s 7 ARAE T T2 R
FIREBOBBERPE TELIN6THDH, £ZTH
BT L& BLEE T isnan X0 isinf & [F] UARE

ZRFOLLTD 2 5D~ 7 v Z2{Ep L7z,
#tdefine ISNAN(X) ((x) != (x))
#idefine ISINF(x) ((x) == INFINITY || ¥

(x) == =INFINITY) // #include<math. >H\HE
~ 7 1 ISINFOO)IFHIZEME A 2L - T x 23+
INFINITY (2% LWEREEIE 0, 2 LIS 0 &3 d72
JThoH, ZHERUGET ISNANX) Z EFET D
&L FEREIZX B NAN TH-TH 0 ZE L TLE,
LRI, 2 TEOXIICERE L, I
[ENANIENAN B & &I L THE LS RS20k
BEMHALIZLDOTHDL, O EMAIAALTT A
FNL7=E ZARESNY bk, 2o
<EMELT,

2.6 RRMICHALTVWSIVRILET T3
%

INETOHRRZRT, EFDVEAIHETT D

Kolthotzar Mt 7y a v EUTIORT,
> sxc++ —K exceptions —pi auto -0 restrict=all -R
summary diaglist fmtlist -P auto —pvct| ful Imsg
V—=RIT7A ). opp (Ffzl&c)
HEWRZ MUARIZTE W BENESIE 7 5 IXATHE
EWVWIE LB ol AT v a -Pauto Bl
LTW5, £7o, flinMTEE (SO L o<
DV ZHE L TV D0k EOFBRESL Z LR
T&E %, F5lE[4]210-222 ~—IZFe#) AfEHT
xR C-ftrace A7 v a v EERT
b5, ATy a O E o EA G L
TELIIRT,

2.7 EITHR

70T LDFETRIIEES T — N7 7 A VTE
ITRRNPEAIIND, LI T A Apil-o Tz
R Ccoa— R (R & IhE TR %R
EATolceDa— R (KR#%) CTR—OFHEEET
LCTHhTc, FATRRD I B, X7 MVERICET S
HDER 21T, WRATE AL & FHRIZHD
LHIREMITA 113 12720 | 2.4 Hi Tk~ 7= HiEIC kY
R T RMVEDN 405 102 1T Lz, X7 kv



Fl1: a2 M54 Fva v (F3EM LR £ 2: EITHR
FFa A S BRI BB %
-K BB E O (3 FH % 5 A) Real Time (P[] (sec) 1092 82.14
exceptions Vector Time (\“X7 bk /L4
B 54.87 60.33
-pi auto HENA T A RBAMERE & (i H FATREHD)  (sec)
-0 E2TORAH, VI 7 LY ANRN Inst. Count (445 FE174%)
. _ 5.632x10" | 1.176x10"
restrict=all | restrict IEfii S N7=b D& LT, Hi (=ex)
b, BEZ bk, BENEFIME % i V. Inst. Count («X7 bk /LAy
o 1.255x10° | 2.812x10°
il TEITE) (=vx)
-R summary | t~U U XL, ZWAvE—TU X V. Element Count (X7 k
o . - 5.136x10° | 2.876x10"
diaglist b fREY X A IV FATEHRE) (= ve)
fmtlist A. V. Length (*-¥%)~=7 k
- 4.093 102.3
-P auto H EhE F1{ LR RE % (5 1) NVE) (= velvx)
-pvctl N—TZBT HEEM e~ FURAE | | V. Op. Ratio («X2 /L
fullmsg bl A v —T & HER) (= 100*ve/(ex - vx + 0.906 96.98
-ftrace 1 5 PEREMEAT HE HE (frace B&RE)IZ X U ve)) (%)
MYEREfENT CE AL TV =2V 7 7 A
. FEAT7 7 A NVEER
SEXM

HHRED 1%00 7% 2 snTa, 7
A&—W@&WﬁGN&@%ﬁLkN7kwkﬁ
NEHILD & S5 95%IZITVMELIZ 72 - 72,

3. BvYIc

C++TEMNNTZ 2 IRTTHEMMHEIIRD £y 72— R4
SX-8RIAITICHR L. AIRERIRY Z< OAFE~T K
MMEEER TE 7o, AR TIEZOBEOERERLT 7
=T BN L, ZOa—FREHWT, 5% b5
K DRE— 2 ORBERITTER T OIBEMEFHE 21TV
ZOREEZIA L LTHNE TN,

ASEFRN LT 7= 71, ZRIEEH LW O
T, F7o, 2.4 Hi Tk 7= J{EIL OpenMP 12
LB —=7WHHE (v —7 O TR #pragma omp
parallel for ZEXiAT) ICHLAMNTHD (FFTHRT
Ay R 0%), BIE, W=V T LU =7 R
T —va v (LRI, 100 5HRE) THEHRE
175 TWBA, g+ OpenMP 12 L > T SX-8R & [l
FEOWREZSIEHT LN TE S, KM SX-Ace
DOPEREIZHIFE L2V,
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2014 4 4 F 27 B), (1999).

(G) AABRMAESHE, ZA——ar Pa—" T %
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tebiki/sx-vecpara.pdf>, (Z/ A 2014 4F 4 H 27 1),
(2007).

(6) B, FHFIA, “SX4 X7 MALAR”,
PR v ¥ — LGS MAGE, 27-19,
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27_SXa.pdf>, (IR H 2014 4= 4 7 27 H), (1998).
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B w0 FE A
N SRRl AN e e 5 e S
1. [XFLC®IZ

JFEERESEOL VX, v ATF ATy FEITHE . T
LRI L VR AV F LU AT LA 8Osk
FRFOFTFHEIDTFEE LML T\ D, M1 %
AT RO, TD DR ITEHE R T A
N7 MEOBEWERITEBRER S, — AT, B
ZHWTH 7 AR ZIE L CilfESh 2, o
MTICE, TEWMIBOEGMENE <, MRS
REMLNTES, X1 VvEY FLEZHW B
BEYHIIN LA R b LT\ D

—F, RO R WERERLC= v 7 L7r E DR
Mix, A4 YvEy REARBUWEEEZRT 720
ZOFETIEHMT &2y, =v 70 (Ni) 12 10~
14% DY EZRMLiz=y 71U (Ni-P) A > %
JBixis b Z ALY RTATHIDZ LN TE,
FEABIAS & LT SR STV D28, MtEWED 8k
FMEHZ AR TIR < L JE X 28 100 pm FEEE DO £
XBTHDHIZOT AT NEOKRE BTN TN
WEETH D, 7o, Ni ZINTT 5 & & OIEFERE,
P ORI X HEFEMBIEEE X, S0 LA, &<
G3Ino TN,

ARFZEIE, ETNIiOMTIZB T 544 YEL KL
H ORISR X OVP OWRINC X 2 SFEmfil g %
B ONC L, ZORREBRMEIOITIZR T 248
FEIHICH L. @R - e & v O B UIE|
IR 2 A7 U T2 THEVE 00 & i ks AR o> 52
M THEMZBARLE S D50 TH D,

2. YJHIRERE & Uit s FEaR R

4 2 13 Ni 3 KOV Ni-P & 588 130° D EHREIH
ZAXE FRLATYHI L & o T AL OHE
Fea oI [1]. BIHEEE, BAZ £V IZZENEN 3.3
m/s, 3.5 um, 2.5 umirev T 5, Ni DUIHNZFBWT
i, UIHIEEEEDS 20m CREIC TEHMAB L K& 7

RTFOEMIIZEITE5 4 VEY FUEITEDIEFE#E

A R

O RBRIFF SLRE 3 B B AT FE T

10pm

|-
(@FEEkm L > X (b))~ F AT v T+
1. ERELERF AR OH

(a) Ni 20m BJHI#%

(b) Ni-P 1400m #)##
X 2. NiBLONi-P OEHNZI T 5 TAHEE

HFEZ /R LT D28, Ni-P TiE, 1400m OYIHI# T
B Ni (TR THEED 20 D72 < P OWRMAEEE
EHHILCWA LB BND,

Iz, YIHIR O THAS O R A L= & A
YE R EHHIM & OBEAIMBRFERBR 21T > 72
[1]. A 7' ROFHEEEHZ Ni VA P L O NI
WZNi-P & Ay F LT A Y Eifid, 42X10° Pad
B2 T 4T3 K 225 773 K £ TOIRE T 3 BN
Licb 2D A YEY FOBEERELZ RO, Ni-PIZ
T, Ni OGBS HEEERITIZITZ 25 L K& <, HiEE
BEOT7v=vAT7ay NIt bICEHMRE ST, &
o HA YT RM#EE T2 FE 2 OHEIR O Bk
WFHI F2BR CII AR ICHER 72 & ORE S O @ WEIF
L0 BES OISR NI OFFHI O 5 258 L EEE
T ZEN o TWBH[2]. b DEERR R
X By SV OIMLIZBIT 544 e LA
DIRFEITHEMR A 72 BEFE T ld 72 < BYL IR BFETH
DT EERBLTND,



3. BERBEFRHADI-HOE—REHE
3.1 Ni &84 vEY FEDHEER

Ni BEL O Ni-P OUIHNICEBIT 54 A vE FTLE
HREOF MR AT D701, BHIR L XA v E
VR LD LTz & & O AR OR R A
1ToTe RHEICIFEEMENEICE S SRR —
J B 5318 ) ik & 72 [3),

HAYXEL FA00)KEDET VL LT, CypHy 7
FTAE—F AN, K3 IIREMED I 7 AKX —FT
WA, BT VI N BRI AR & A A
ERZET DTN I—R o THY, ZOREBIRT
SO & 7 TR RIFOKRFER- TRk LT
W5, AFOBAEEAE % OJEFIZATE T 2 A 15K
DIEETHLT FIv I/ A2 b—va raEKT,
Flo. BFOEMEII ARG IG5 T 2E 0t
EChAR RRE 2L —arid2RL, 20OEL
DA EAE R OL G S DR S DL Z R T,

Ni K DET /WILLFOFIETRO 2, 54K
1) & 1B 51 A 5 fee MG BRI B 72 5 Ni /S v 2
DET NV D TR TERE DO FERZRD D &
349A L 72 | RETH D 352A LIZIFHELL 22
STc, TOHNIEEIFRT xXyXz FANZ 2 X 2 X
1 B O K E &2 Ni BikOEF LV E2E-T-,
X3 L Oy FIaNEEMEES 2 i IIEE s & L,
AR S CREOLEREE RO L Z A,
T ERIL ALY LD R0RKE W 3B50A L o7,
B4 4 (2R L7z Ni(100)z& iz ~9, Ni JEFD7 k
Ry ARE2 L —va 32T 100 EeoT,

B 5% Ni REETMIHA VEL RRIEET IV
Z NIJEFDO7TY vy oA MIFATYES ROF
TV TR RBHEERT X1, z T
DT L EDREEWMEE RS, ZORDOT T
VA —R L Ni R & OFF#EY 1.50A & 725
7o FEAERBOIT S HNLI—R DT NI v 7R
Ea b—3 3 134.108 70 5 4.913 1IN L 7=, £ 7=,
FINNT =R EMEEH LTS NI o7
R w7 RE2L— 2031000 05 97312, %
DFAO Ni JZFDZI S 9.84 225 9.92 F2 2
M UTe, TORERIZT U h NI —R L Ni R DR

K5. FAYELFE NETEDOHEEH

A A UAREANELTND Z EEZRLTWD, —J7,
SIOHNT =R DNy JR RiRE 2 b—3 g
1% 0.894 75 0.755, 0.757 L LTk 0., AR
HAIENRIHE > TWVWDH, £/, 0114, 0115 /&
WETH BB, T P H I —R L NiFFORoR
YRAEaL—va VBMEINL, BEMNELTND
ZEBRGD, TNHDORRENG, XA YES RE
[ R BRI UIHIEC L - CTH H O FFoE# = L
F—NREL 2D EWEEL T, Ni RmEIZFEY, ¥4
YEV RBREETLEEZDND,



3.2 Ni-PE&Aa14¥EY FEDHEEER

WIZ, Ni-P & Z A YT R E DAV ZEIT L
7zo B 31Z/R L7z Ni BT T VORI, BUst &
LT 7e, EE/N—t 2 b T 12%H% D P R
Z, TUXLICEREL, BMISEEOET LV EK
61277, JuD feo HEEIXOT A, /NS WET LT
XdH 205, NiJLFOERSMNHIE, EEED A > F
JE@ LRk, TEALT 7 ATESNTND EEZD
NHNBLORPOT FI v 7R 2L —T a3 X
FNZEN63 75 6.4, 9670598 L->THY,
FHOBINIA FUAEERAET TN D,

2O Ni-P REETIVIIHAVEY FRREET L
Z NIJREFOTY vy %A MIFATYES DX
U TR RPHEERT X012, 2 Thans
ST b EOREEHREZRK 77T, ZORFD
T VIV —R v &l NiJFT- & OEEE Ni i
DL Y LR/ EL LI0A L7272, HHAERR
DITIZHANTI—R DT Iy 7R a2l —a
134.869 L 72V Ni & OMAEMEMORFL D HENA
Dl A A ALORREN/NS VY, T BN H—R
VEMAEERALTWS NI JJRFOT h vy 7 RE 2
L—3 %9300 9.7 BEEIZHEAD LTE Y (A
A AL LTWEN, BECP EOMAEEREZELTE
DT THNH—R DA A UFEEVET NI O5A
IZHARTO R /hENnEBZ oD, £, 7V
NH—=RDZ T TR KRR 2 b—3 3 v
1% 0.007, 0.088 T V. NiJifEDZnn 0.114,
0115 ThH oD LD DT /hSn, —J7, 7
NI =R DNy TR RRE 2L —1 3 0%
0.743 &£ 0.751 TH Y  Ni & O EAEHORE & KM
7200

INHORERISG, Ni-PRETH 7 VU —R
& NI RFORICHEAIFE T TWAR, Ni £HloO
Bt LR TEOREITFH . X4 YT FRER
FIRTIEBBEELIZ< WEEBZ BRD,

4 RERERFOHBEIRILF—DOLE
PeHIM Fm EM AR % 5 A Y& FRIEKFE

JRF-DOBBEDA L4 S i 572012, 7970

X 6. Ni-P REET/V

L)
L))
g L))
4319 Y4869
G 75,

L),

0.743

WEIH

K8. FVANI—RVBBET RN —DHE

V=R DT R X — D AR T, X8
WRT LT, TUMNT—R Y I TR R
LT, AA4¥ELREDLSIE EFDE, VIV
H—=RAZF DL A ¥ FANCEAS &5
B <, 51 & BT DA R 2 IZRES LT &
Ho5lE EFHEECTT O — R i < S
HIMRNCED D, ZORFO h—X L3 ¥— L
LERIETD b —Z VTRV F— L DD PR *



NF—IZHYTHEEZ NS, AKRIE, 5l& BT
R T O DT O JRFBELEIZ LD E L D08,
ZITEHENEEEL TS, L, M7l
BE R L X —DHIIIFRETH 5 L Bbh s,
FHROFER, Ni Ff EHEERT 2T Vv —
Ry OB R ¥ —(X5.01eV, ZDOREO5| X EiF
HEEE L10ATH L0k L, Ni-P LHAEHT S
R, £, 570 eV, L05A L72 o7, 7,
FHEAERZ L TWRNWE A PEY RRRNPDLDT Y
N —R e DR kL XF—1L 787 eV L:RKE -
oo ZNUHORERIINI LV H Ni-P EHHAEHAT S
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1. Introduction

Magnetoelectric multiferroics continue to attract
considerable attention in view of applications to
non-volatile memories and spintronic devices [1].
Among themr, a lot of research is focused on bismuth
ferrite (BiFeOs;, BFO), which is one of the few
multiferroics with magneto-electric coupling measurable
at room temperature. Although BFO has robust
ferroelectricity due to its large (even giant) spontaneous
polarization [2-3], it is antiferromagnetic (AFM) with a
rather weak magnetization. Thus one has to imagine
ways to enhance its weak BFO magnetism and
magneto-electric coupling. Here we show that doping of
BFO with Co with a low-spin (LS) or intermediate-spin
(IS) electronic configuration not only dramatically
increases its magnetization, but significantly enhances
the magneto-electric coupling as well [4].
2. Technical Details of First Principles
Calculations

All first-principles calculations have been done using
the density functional theory, under the spin-polarized
local density approximation including the correction for
the strongly correlated 3d electrons of Fe and Co
(LDA+U), as implemented in the ABINIT package [5].
For the electronic wavefunctions we used plane-waves
truncated at 400 eV, while for all chemical elements we
have used projected-augmented wave pseudo-potentials
[6]. We have included both valence and semicore states
into our calculations, specifically Fe’s and Co’s 3d and
4s electrons, Bi’s 6s and 6p electrons, and O’s 2s and 2p
electrons. The Brillouin zone integrations were done on a

4x4x4 k-point grid and all structural optimizations were

performed until atomic forces are smaller than 2 meV/A.

3 Results and Discussion

Using 2x2x2 supercells with eight BFO formula units
and substituting some of the Fe atoms with Co with HS,
LS or IS electron configuration, we have investigated the
energetics, structure and magneto-electric properties of
12.5% Co-doped BFO (further refered to as BFCO12).
For 50% Co-doped BFO (further refered to as BFCO50),
both 2x2x2 and 1x1x2 supercells have been used. In all
calculations A-type, C-type and G-type AFM ordering

has been implemented (see Fig. 1).

G-type AFM C-type AFM A-type AFM
SRNE CICE EREE
o "ol Ul o " "l o "

Figure 1: Schematic representation of Fe—Co periodicity
inside the 2x2x2 supercells used for calculations of
BFCO12 and A-, C-, G-type AFM ordering. The arrows
indicate the spin orientation; a Co has replaced a Fe in

upper right corner of the supercell only.

The LS-Co electronic configuration has completely
occupied d,y, dy, and dy, orbitals with both d,, and dy,.,»
empty (i.e., zero magnetic moment overall), whereas
IS-Co has singly occupied dy, and dy,.,, orbitals, filled
dy, and dy, orbitals and empty d, orbitals (i.e., a
magnetic moment of 2pz), as seen in Fig. 2. Under these
BFCO12  (BFCO50)

magnetic moment of

circumstances, becomes
ferromagnetic with a total

0.625pp/f.u. (2.5ug/f.u.) with LS-Co, and ferrimagnetic



with a total magnetic moment of 0.375ug/f.u. (1.5ug/f.u.)
with 1S-Co, respectively. These values are a significant
increase compared to the case of HS-Co, where the total
magnetic moment is 0.125up/f.u and 0.5up/f.u. for
BFCO12 and BFCOS50, respectively. Hence the
magnetization of BFCO would dramatically increase
with a change in electronic configuration of Co® ion

fromHS to LS or IS.

High Spin Low Spin Intermediate Spin
HS-Co HS-Fe LS-Co HS-Fe IS-Co HS-Fe
224 | — 62,7 —— e .
dzz ﬂ U d.2 d12 U
d
gxz g ] dxz i } :xz 1 I
e e i i sl | SR S
e el e e e o

Figure 2: lllustration of HS-Fe, HS-Co, LS-Co and 1S-Co
electronic configurations of magnetic ions in the BFCO
supercells used for calculations.

The calculations have further revealed that,
irrespective on Fe/Co ratio and the type of AFM
ordering, the calculated total energy of the tetragonal
BFCO supercells with LS-Co and 1S-Co is always larger
than that for HS-Co (Fig. 3). Furthermore, the tetragonal
phase with lowest energy has G-type AFM ordering for
both the LS-Co and IS-Co, This may reflect the fact that
once the Co spin is reduced, the type of AFM ordering in
BFCO will be decided by HS-Fe ions, which exhibit

G-type AFM ordering in undoped BFO.

Examining the tetragonality ratios estimated using the
lattice constants resulted from structural relaxation of
each tetragonal supercell, we remark in Fig. 4 a
significant drop in c/a simultaneously with magnetic
moment collapse. The decrease in tetragonality ratio is
particularly severe in case of BFCO50, which tends to
become pseudo-cubic in case of C-type AFM ordering,
as seen in Fig. 4. We also found a significant change in
tetragonality ratio (more than 2%) in BFCO with LS-Co
and IS-Co caused by changing the type of AFM ordering
between G-type, C-type and A-type. The dependence of
c/a on the type of AFM ordering is even more
pronounced in case of BFCO50 (with a more than 8%
variation, as indicated by Fig. 4(b)). Such a significant
impact of the type of AFM ordering on the tetragonality
ratio (which can be considered to be, to a first
approximation,

proportional to the spontaneous

polarization) in compounds with unconventional
electronic configuration of Co adds up to strong
magneto-electric coupling. This effect appears to be a
consequence of the geometrical frustration associated to
the unconventional spin configurations of Co®*" (and is

thus unlikely to appear in BFCO with HS-Co).
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Figure 3: Total energy for tetragonal BFCO12 (left) and
BFCO50 (right) with HS-Co, LS-Co and 1S-Co and G-type,

C-type and A-type AFM ordering.

Figure 4: c/a ratio for tetragonal BFCO12 (left) and
BFCO50 (right) with HS-Co, LS-Co and I1S-Co and G-type,

C-type and A-type AFM ordering.

Fig. 3 reveals that BFCO with A-type AFM ordering
always have the highest total energy among the
tetragonal structures with various spin configurations for

Co*". Because of this, it would be interesting to identify



ways to reduce the total energy of such A-type AFM
ordered tetragonal structures. Considering the BFCO
supercells with HS-Co, 1S-Co and LS-Co, particularly
useful would be to somehow lower the total energy
simultaneously with a transforming of the A-type AFM
ordered structures (which are actually ferromagnetic due
to uncompensated magnetic ions at B-site perovskite
positions) into  ferromagnetic ones. Such a
ferrimagnetic-to-ferromagnetic phase transition could be
moments of Fe and/or Co ions in the supercell. In the
case of a BFCO12 supercell, one could reverse the
magnetic moment of the Fe** ion located oppositely from
the Co ion along [111] direction, or along [110] direction,
or along [001] direction, or reversing the magnetic

moment of the Co®* ion itself, as indicated in Fig. 5.
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Figure 5: Schematics of triggering a ferromagnetic (FiM)
to ferromagnetic (FM) phase transition in BFCO12 (top)
and BFCO50 (bottom). The Co ion is placed in upper right
corner of the 2x2x2 BFCO12 supercell (top) and in upper
perovskite block of BFCO50 1x1x2 supercell (bottom).

The effect of such a ferrimagnetic-to-ferromagnetic

phase transition on total energy and tetragonality ratio

can be assessed from Fig. 6. We note that one can indeed
reduce the total energy of tetragonal BFCO12 with
A-type AFM ordering, with lowest energy corresponding
to reversing the Fe** jon which is placed oppositely to
Co®* along [001] in case of supercells with LS-Co and
IS-Co, and the Co®" ion itself in case of compounds
containing HS-Co. Furthermore, upon reversal of the
magnetic moment for one of the magnetic ions, the
tetragonality ratio changes significantly in case of BFCO
with LS-Co and 1S-Co and negligibly in case of BFCO
with HS-Co, as seen in Fig. 6.
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Figure 6: Total energy (left) and c/a (right) calculated for
ferrimagnetic-to-ferromagnetic phase transitions triggered
in tetragonal BFCO12 with A-type AFM ordering and
HS-Co, LS-Co and 1S-Co by reversing the magnetic
moment of one of the magnetic ions. Numbers inside right

figure indicate the magnetic moment for that case.

On the other hand, Fig. 7 reveals that the calculated
total energy of the tetragonal BFCO50 with A-type AFM
ordering reduces upon reversing the magnetic moment of
the Fe* ion only in the case of 1S-Co spin configuration
(it stays constant in case of LS-Co and even increases
when Co* is in HS state). Thus, in BFCO50, only in
case of IS-Co does a ferrimagnetic-to-ferromagnetic
phase transition result in a more stable state than the
original tetragonal structure with A-type AFM ordering.
As seen in Fig. 7 this phase transformation occurs
simultaneously with a significant drop in c/a, again
proving that BFCO with IS-Co is expected to have robust

magneto-electric coupling.
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Figure 7: Total energy (left) and c/a (right) calculated for
ferrimagnetic-to-ferromagnetic phase transitions triggered
in tetragonal BFCO50 with A-type AFM ordering and
HS-Co, LS-Co and 1S-Co by reversing the magnetic

moment of Fe.

5. Conclusion

Our ab initio calculations suggest that BFO-based
multiferroics with unconventional spin configurations of
magnetic ions should be helpful in achieving robust
magneto-electric  coupling for materials at room
temperature. The present results suggest that tetragonal
Co-doped BFCO with low-spin and intermediate-spin
electronic configuration of Co allow to achieve robust
coupling between the spontaneous polarization (assumed
here proportional to c/a ratio) and magnetization of such
compounds on one hand, and the type of AFM ordering
on other hand. Furthermore, we have found an intriguing
possibility to enhance the magnetization of tetragonal
BFCO compounds with intermediate-spin Co, while
remaining coupled to their ferroelectricity, by inducing a

ferrimagnetic-to-ferromagnetic phase transition.
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1

KIREETEH S X T L FAQ
FAAE
17 A NZDNT
FHEAE T 51203 ssh TEERt L £ 97, ssh 7 74 7> bV 7 M Windows BR5E Tl Putty, TeraTerm

RENANTHIH SN TWET,

1.1 SX-9, SX-8R. =7 F A X ZFMT 555

e DA, Bkt A R4 27 login. hpe. cme. osaka—u.ac. jp 7. 7o h = (—ER)
IX7SSH”, TCP AR — I 227 &5 L £, (UL F Mm% TeraTerm OH4)

Tl AT HE A= 2 —EHNERIIET O T, Frontend Terminal(fronta~frontd) D& 5 (1~4) % A7) L
Touy by RERICERLET, 7y b KR TT s 7 503 30, Ny F U7X b
DN, FHREEROMER R EEZITVET,

1.2 KHBATBUExtR PC 7 7 2 % RIS 556

Bisi 9 DA, BEioa A R 4127 xlogin. hpe. cme. osaka-u.ac. jp *. v b= (B—ER)
IX7SSH”, TCP AR — ME 22" % 48E L £9. (LA FOMEHE I TeraTerm OH4)

nrA T HEHBNICT e by R RICHEER LET, 7rr by Nk Tr e s 7 50 a
PRAN, Ny F VI A SO, FHREEROWRR EEITNET,

aryAy: NTTNa—T 4T

No | Bi% TERBNE e
1 Bt TE R0 A F =%y MIHEHTE TV D
BEfGE LR A DA DFIE S TWO7R0 7R A b4 login.hpe.cmc.osaka-u.ac.jp
TCP AR — P A FE S T2 TCPAR— bk : 22
SSH THafE L TV 50 Telnet TlIHERe R Al
TrAT VA —NRFy U =7 OFET SSH,
TCP AR— |k 22 D ZFFr LT %0
2 RZATERY | 2—=%4 FIHEES) BRHES TOHRN)
NAY — RHHE S TH7anin BENSEE TIMAHFRE ) © T4, A
AT — REIZONT] 25
RIS B TV R
3 LFART AL | CFa— FOFENME-> TV login.hpc.cmce.osaka-u.ac.jp i TEUC]
NQAY xlogin.hpc.cmc.osaka-u.ac.jp I+ TUTF-8] (Z
Y ET,

— 111 —




2 Ful I AhDaL LI oNT
Fa s r0ar LI vey oy RERTITWE T,
2.1 SX-9. SX-8R #FHT HHE

% sxf90 test.f90 —— (SXHFortran7 ARV /(5D ET)
% sxo++ test.o RGN EEEPARELES

SX flzu A=z 34 1% SX-8R il — FEYa—/Laout)z 7 1 b R R CIER L £,
SX-9 v — REY 2 —VEZERT 2551E4 72 3 127 cfsx9” 217 TS0y,

22 PWH=av 772z KREFAIEUERHES PC 7 7 A2 2R+ 5856

% ifort test.f —— (Intel FORTRANI> /N1 5D E4T)
% icc test.f —— (ntel CAYNASDETT)

Intel =>4 ZIXPH=a 7 T A% KRB AIEERS PC 7 7 A X CEITTHr2— REY2—L
(a.out) ZERk L E 97,

ENZAT A

[ C li CH+ li FORTRAN |

Intel 227\ (5 % icc test.c ‘ % icpc test.c ‘ % ifort test.f

% mpif77 test.f

MPI 2327845 % mpicc test.c ‘ % mpicpc test.c ‘ % mpif90 test.f

% sxctt test.c % sxctt test.c % sxf90 test.f

SX-9 FADIZEE “~cfsx9” AT arEFIH
MMPI 23 TR0, ZOMBFEIARFIAIEC OV TR, IFOR—=Y2 ZTZR S0,

http://www.hpc.cmc.osaka-u.ac.jp/j/service/front guide.html

SXAYBRRIVINS
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A RA) s RTINS a—T 4T

No | Bi%: BN ik
1 AUNANTER | 2T =R vb—V%MERT 5, UTICERFRREZRT,
A LA T DOIRANEES TS (Intel MPI) /XA [opt/intel/mpi/4.0.3/bin64

2~ N : C: mpiicc, C++ : mpiicpc,

Fortran : mpiifort

aw Y RAMRMESTHD

2 AUNRANTT— | 2T A=V EERT D, UTICEREREZTRT,
WRET D FT Y a v OIREPMES TN D
Vo874 7 7 ) ORENREESTWD WH=ar 2 2AEZMT7A47 7 UnSX T
A 77 DR B
U hA7ya v OFRENENE D VA7 ya  IRE7 7 A0,

FlE-L KV RICEET S

X a— KA ISJIS), BA7=2— KA TCRLF) 1272 | LF D2~y RTXF=2— K% [EUCH,
S>TWA (EIZ Windows ETIERR L7 7 AV % | BdT=2— K% [CRJ ICE#HT 5

FTP 45325 L 7= 551058 4) nkf-e-Lu[7 7 A /L] > [~ 7 7 A V]
mv[—FEZ7 7 A V] [7 7 A V]

BAN DY A g & R AEY A IRREWND PTFOFT v a v z28ETH
Intel =2 /3A 7 ¢

-mcmodel=large -shared-intel
SX7mRAar A7 .

-size_t64 (C/C++). -ew (Fortran)
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3. Ful'ILDEITIZHONT

ay RN Lr— REYa—/L (aout) ZA—/N—a L a2—X KR PC 75 A% TEITTBHITIE.
NQSAZ U h 7 7 ANEER L, NyTF UV IZZARELTHERALET,

Foa—4 (LLFO T#PBS -q SX9)) #fEEL. Ny FVa 7ORALEEZREL T LI, Fa—4I%
LIFD#EY) T, A7 VT N7 7 ANVOIERITIE, vigEDTT 1 2% ZHALIZE 0,

_g |N\vTFTaT _ & |1\ FTaT _ & |1\yFTaT
T w3 | PR gas | TR A
SX9 5X79 HCC-S | . = . vee | K
SXEF | o an HCC-T J;’_ﬂ;'; AR
SX8L hoewm| 77 ave |PcHS24A

NQS 227 U 7 kD

f#!/bin/csh \

#PBS-q SX9 # (RN F V7R NERATDFHEOY 2 —4OfE)
#PBS -l cpunum_job=2,memsz_job=4GB,elapstim_req=0:30:00
# (EFHT 2CPUSK - A€ Y /& - B A HEE)

cd $PBS_O_WORKDIR # (QUDEATHEDO A L > R 5 1 L2 b U ~BE))
# (Fas7 hDFEFT)

K./a.out J

Ny F Y7z A NOEANZ, "gsub” <> REfET,
EFICANAYyFV I A NEZITMITHE Y 72 8D BT HIvET,

% qsub [RVUTRI27AM4IL4]
Request 12345.sx9 submitted to queue: SX9.
T
ZFF TRy TV 72X NI V272X M ID BT 6is,

oINS a—T 4T

No | 5% HERBN S e
1 EFICRATER | 27 —A v —V&ERT 5, UTFICERERZ R,
A F o —HHNE D “4PBS -q" THEE L TV 5 ¥ = —4 & TR
+5
FT 3 VINED QL TR E L BATOA T Y a IZHEEEN
VARANAVIRY 17N B
IRNT A BN D “cpunum_job™7g &', BATD /T A — 2 DifE
0 S RENEV ARV )ERR T B
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4, NyF V7T A NOHEZRIZOWT

Ny F Y 7T X NORBIZLLTDOa~v 2 RCTHRTEET, Ny F VI X MIBANPTETT D L&Y
TQUE] HRRBIZZe D £7°, KIZ, FATHMAIFMARE D AV a—sivd & TASG) REBIZZRY | FT
MBS D & TRUNJ REEIZZR D 9, FATHKDL LU TOa~ Ly RORRMPRLRD | FATHERN
TrAMIHDISET,

% sstat —— (SX-8R, KIRHE A ML X IEPCHTRAD /Ny F I T A D RITEAIR R Z #EEE)
% sstat9 — (SX-9D/N\YFYHTRADEITHIIREHE D)
% sstathcc —— CGREaYVISREOIN\YFIHTROEITERIBEREZHEE)

NRyFVITZAN: NT TN a—T 407

No | % THERBNEY e

1 Frshzzn TT— Ayt —VEHERT D, ULFICERRRERT,
NQS 27 U7 K7 7 A /LD cpunum_job” DAEAS | $57E FTRE /e e RAELL F DA A48 ET 5
REW WH= 77242 02, SX-8R:8, SX-9:16

NQS A7 U7 N7 7 A LD iT 22— K2 | FTP 552”7 F A hE— K" Tl %
[CRLF] 272> T % (Windows ETIER L7z | 2 AT Do~y REETT 5
7 7 A V% FTP #inik L723G5A I EITH4) nkf-e-Lu[7 7 A /L] > [ K7 7 A /1]

mv [~ 7 7 A V] [7 7 A V]

NQS A7 U7 N7 7 A VOFRKATIZEATH 72\ | I iTIica~y FERIR L TWaE5E, 8dT
(csh 227 U7 rDsE AIND

NQS AV U K77 ANDT T T AOIEN | FBET 7 A V4. 73A, EITHR, 14T

> T\ 5 B (HCC A, SX-8R M. SX-9 M) %7
LN AEA)
NQS 27 V7" 7 7 A /LD #PBS™T DRMITEE | “#PBS™{TH# & Titih ke, WD~ M4
Da<wy RIIRdH 5 RS UN)
2 TT—NRETD | =T —Ave—TrHRT 5, NI ERFEKFERT,
a5 KFEIFRICHEINIC S NQS A7 U 7 k7 7 A /Ld elapstim_req” ®

i (R 2 Rk&<72

AEYHBED 72vy (" Exceeded memory size limit” | NQS A2 U 7" k7 7 A /LD "memsz_job” DA

HOXT D) (/—=FRE0DRAEYHARX) ZRELT
)

” Batch job received signal SIGXRLG1. (Exceeded | fE#EHJ), fEHEC T —H N2 U XA L7 MR

RLGLIIMit" L\ 5 =7 —73 % ETT77AMHAT DX 9127 %

[T —a—F] [Avy&—] PROGI[Y —R 7 | [V =R T 7 A MDUT%[A v E—DNTiE»
7 A ] ELN=[TT](YYYYY) TASKID=Z2" &\ 9 | TEET 5
TA—~y hOZT—NHD A K D RBOLEE, Rk L~ g

wLLTYarv (LT3
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5. 7 7 A NVHRRIZHOWNT
7 7 A ¥ —3"ftp.hpe.cmce.osaka-u.ac.jp”tZ SSH 2kt L7= 7 7 A L#sE Y 7 b (Unix/Linux : sftp, scp.
Windows : WinSCP 72 &) THeft L £,
FEMZRERE, PIEIZR® URL &2 2% < 72X, (sftp, scp. WInSCP Z il FNEZ G L T\ E9)
http://www.hpc.cmc.osaka-u.ac.jp/j/tebiki/file_transfer.html

Ty ANVERE N T TN a—T 4T

No | Hi%: TR 5%

1 BEECE 2 A A =Ry MIEERTE TN DN
Pefgede AR A A ENE S TV R0 A R4 ftp.hpe.cme.osaka-u.ac.jp
TCP AR— R AHIE S T aUH TCPA— b :22
SFTP THRE L T 5 h FTP TldBsm Al
T7AT T A=Ay MU =7 OF%ET SSH,
TCP AR— F 22 DEEM ZFFAT L TV 579

6. NATU— ROEEIZONT
KO URL 7 b KHBG S 27 AR —2icn s oL, [RAT—RER ] OX 728 LT
S,
https://portal.hpc.cmc.osaka-u.ac.jp/
*Mac OS @ InternetExplorer TO ZHIFIIFFHEE L 72 > TRV FTOTITEELZE VY,
B, 7ar by RiERTO passwd” 2~ > FCIRIAE TEXEHADTIEREL L E N,

FOFEMRRIAGIEIZZ B
http://www.hpc.cmc.osaka-u.ac.jp/j/tebiki/manual-sx.html
http://www.hpc.cmc.osaka-u.ac.jp/j/service/front_guide.html
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SR WFER T AT APSEICBBWE DRSS,
A—)L (system@cmc.osaka-u.ac.jp) . =% 7= %% (06-6879-8813)
® KHEGEIR T AT ATIATT 27177 AFICHAT LEMIE, ROFHAHZKESICBEWE DY
<TIZEVY,
A — b (hpe-support@hpc.cmc.osaka-u.ac.jp)
2pd, FIHFHFBIZ OV TIER® URL & ZEL 7280y,
http://www.hpc.cmc.osaka-u.ac.jp/j/support/advisor.html
® T, IWEDEILFEDFMITRO URL 2 TR IZE0y,
http://www.hpc.cmc.osaka-u.ac.jp/j/info/index.html
2. =TT
KD URL 2B KRHIEGHRME S AT LR =2 iun 74 o LTLKESY, =27 V] OF 7 2R R1T
Dl A—h—REO =2 T ANRTRICRNE T, £ GEERER 0¥ 7 28IRT 5 LEE STl
MUERS TR ET,
https://portal.hpc.cmc.osaka-u.ac.jp/

. FAFHEE
1. FAERIZONT
REFLHEOWFEHE R AR ESEDN RS2 Ed, FIHEROFEMITIRO URL 2 TR IZE0Y,
http://www.hpc.cmc.osaka-u.ac.jp/j/shikaku/index.html
FTo, Bk 23 FENORMEEOHT BFIHORGENAREL 700 £ L, FHMIZTRO URL & ZE< 72
[

http://www.hpc.cmc.osaka-u.ac.jp/j/shinsei/kigyo/index.html

2. FIHAHEEIZHSWT

RIVRFH G S 2 7 2 ORI QLA T, BRI — 40 % 308k - TIH < EMERIHE & > TH 0 | B8
BOFAICEAFIHAELSIIRAELERA, 2B, FIAABRLEOAKEICIE L TY a 7EITERIEN (7 =
Ty e T MHIFEAT CPU B, AE U YA R, 7 7 A AR & ORI TR ARG HIBR A 2215 T
F4, FFMIIKDO URL 2 ZE L 7T E Y,
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