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ZOEETIREAEEO AP L LT, Express5800/A1080a-D T ATRE 72 W53 E
FE0 o B, BENESNL & OpenMP[2]ic X 565 A2 ZHEN L £,

AEY )=k AEY =K
AEY )=k AEY )~k
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aro0 arp1 ar2 :7’3

|
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OpenMP [T RITIC L AW FIL 2 FEEH 45 API (Application Program Interface) .
27T AFICHRET HIERTOEKRSS, WikZ AR — T 5HEROBEKRENERZIN
TWET,

PIFETIE Fortran O 7225 LAY A ARG AZITOET, —CEEO S 2T A
UAMLPFRELTET,

3. BEhkSIE

HENPSIMLIX, o3 T8 “Le” (W FHLFTEET. LRI L= — 70D 9 6 |
BHELAHE TE AWM EEHBMNICA Ly RICHEITHIFLFETYT, “BL” L\nHo
X, WHNCET L CHEE/NESEEIC L D NOBELZRO T, HEERICEEBLEZ R
WEWIEBMRELRDET, UAN 1OAL—71F, B2D 1 OMEICH L COLENMN LT
WAHTEDIZ A DEBICA Ly RIZBEILCHLRZeF Ll cExEd, —FH. VAL 2Tl
i ORI i1 DEEE-TEBY ., B2 — 7 OMBANEIMLO L —7 ORGSR IR
EE 2D MEEEG NEELTHET, ZOHA. 203, TIERETITEW S L.
HENFFHLIZ L A5 EI TV E R A,

do i=1,1000 do 1i=2,1000
a(d) =b@) * c() a) =b@) * al-1)
enddo enddo
YAR1 YR b 2

Yo X —THREE L T3 | Intel Fortran,C/C++=2 > /%A Z CTik. “parallel” % =231
THT v a IZRETHZ E CHRBTSHLAFIAFEE T, 2 M L HEIERK 3 0@
TY, ZOBRIZ, “parreport” A7 T a VHFEIRRICIEETAHAZIE T, YR TLAHOED
=T RIFE SN AN ER IR TEET, IOICFEMERAZH I EE 5 “-parreport=3"
BIRETDH &, WHHL I TWRVL—T W ATE L S h oo b A S ET,
M 3Da I ANBITIE, a7 T A 1247 0= 3k TS A, 151TH
DN—TIIRFRRD D H 72D WYL EN TN RN E NI X v E—U RSN THVE
R

AHNVER 2 FEATT AI2IE, @E 7 177 AOFETRICEEZ S OMP_NUM_THREADS
THFEAERELE TN, B —THRHEL VDIV a VEEHEETIX, Ya 77 7 AL
KXo CTHBBICWHNENERE S, v a 77 T A a8, al6, a32 TliEZEh 211 8, 16, 32 Oif
FIECEITAIETT, K 4 OWFNEOFRER CIX 4 W0FCTEITINE T, FEMITIEI =
E = —# Expressh800 OF|H L4l ZSEL 12X,

N—7OBEMGITULEREST HERBERE LTCRO LI RBFENRDVET, ZOLH7%k
LA, 7u I A REIBRI TV, BRITEHEATAZIE TCar A Z2ifF
FULFIRECH H Z L &4 2 & T, BENIIHLAFRES 5B ELH D £ 77,
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< V=T HRIRIFBRDBFET 556

< =T OV R LEHEA D72 < BENWESIHLOMERRR B2 RIA F LR WIEE
=T DOV IR LEEE AL — T BRI T D30 B0 EA (while /L— 772 &)
=T HNEFA~D T X TR, =T IEA~D T v TN DA (goto LR E)
s TN —F RO LB H5E (write 3. read X7 ED 10 HETe)
ARTFRR A CE R VWEES R (73RS v X OSR) BEET A5E

[Fortran]
f95 —parallel —par—report=3 program.f90
program.f90(12): (col. 3) remark: LOOP WAS AUTO-PARALLELIZED

program.f90(15): (col. 3) remark: loop was not parallelized:

a2 34 VI

existence of parallel dependence. DrAye—Y

[C EFB/IC++] oA VL

cc —parallel —par—report=3 program.c

3 aUANFREE VAL NVOBRTF

[csh D54 D]

setenv OMP_NUM_THREADS 4
Ja.out

[bash DA D]

export OMP_NUM_THREADS=4

Ja.out

4 WHEDIRE & E1T

VA RBIRT T v T AT, BEWIHLOBMEZRIELET, 2071 s T L% HE)
WHHb A 7> a v ff&ETarf L, 45D A Ly RTETTH & 5D L H7eA A
— VTR ZEISNETLET, Ay RGN ORRIZ, FREND ALy R
BHEDOAL > RID #FfbE 7, BENWIIHLOBEIIFICERT I LETZH O THAD, K
5Tk, OO DICAL Yy RID OfbE#E LTV ET,

WA O % BEIICBERZ LET, FIDIZ. ALy RO (vAF¥—A Ly K& HFEE
NET) BEMTT e s T AOoETEEE LTI, BENIIHLIZ X > TS S - L—
FWCHETHE ALY ROICL ST 3200 A Ly RBERESHET, ALY FOZ&ED
77E ALy RIE, v—=70OA 0T v 7 A1 OELBEENEDO SN TEBY , FAF0E
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LBToN/c i OBELFHFEONHE 2B LET, 4.

AL v RO2all)=b() *c() &5 4L

HEMBwHETHE, IRIERFICAL Y K 3728 a(751) =b(751) * c(751) DALFRZ{T - T\
HEBEZLNET, ALy RO aDICETLIUEEETT5 L al@=b2)*c@%, AL v
R 31X a(@5 ) OLIENET T 5 & iC a(752)=b(752)*c(752) % - L W I IEF CEEh D
ALy RBMSZ LT, A EDET, BAL Y NI, BHICE D Y THN-OUENET
T5HE, MOAL Yy NOMETZETA2FHL, ETCOALy RRZEAST-REATCHREIZ & 0l

T AT LES,

subroutine auto_parallel(a, b, c)
integer 1
real(8),dimension(1000) :: a, b, c
do i=1,1000

b@) =1
c(i) = 2%
enddo

=R
do i=1,1000

a@ =b@) * c@)
enddo

end subroutine auto_parallel

Fortran

ALY ko

Abv k1 ALY K2 ZLvY K3

YR b 3

void loop_parallel(double *a, double
*b, double *c){
int 1;
for(i=0:i<1000;i++H){
blil = i
clil= 2+i;
}
IE3A
for(i=0;i<1000;i++){
ali] =bli] * c[il;

return;

ALY RO(ZRE—=ALY F)DAHT
WIREMKELET

000T TGL=!

ALY RFOHBALY F1,23%{ERL
E 3

BALY FHRLZIOFEHDNIE %
fTTWET

EFnEHEDRIE. ALY 1,23
EZWMEL T, ALY FOOHTHEY
DNEBEHEITET

5 BENEFMLIC & DWFIETA A—T
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4. OpenMP

OpenMP i, 707 I~ ERITEFEAT H 2 & CTIWFIHLZ4T 5 FIETT, Yrnrs o~
OEMFETHHNNEZ TR A2, BENISL Tl oA 73 “BL” itk Ttx %
EHIETERVIL— T RMMIZONT bW LA ATRE T, #is, Ty XA RSk
TERVWE S RARICEALTYH, #o T OpenMP OHRIT BT 5 & MHIMNIZEFIL X
NTLEV, BRAEZFEBITILEEDHIDOTEEILETT,

4.1 OpenMP [Z & % i 5L D5l

DIz, VAN 4R TEE OpenMP O 7' 2 7' A EFTA#E LT, OpenMP i H
DORNERHLET, 207l T L5E WHFETRHFIELDOA Ly RID #1325 &0
YENMEAITVET,

program write_myid #include <stdio.h>
implicit none #include<omp.h>
integer:myid int main({

integer::iomp_get_thread_num

myid=0 int myid=0;
#pragma omp parallel private(myid)

I$omp parallel private(myid) {

myid = omp_get_thread_num( myid = omp_get_thread_numO);

write(*,*) "My thread id is ",myid printf(“My thread id is %d¥n”, myid);
!$omp end parallel }
end program write_myid }

Fortran C
YA 4

OpenMP D#ER1TIL. Fortran O FE EF X CTlEComp . Fortran @ H HFEX Tl $omp .
C 7L #pragmaomp| MHEFATCRESNE T, 207 22T ML, FBER{TIC
X 0 !'$omp parallel 7°5 !$omp end parallel TP F 177 2 WH|EITRIEE L FRE LT
F, OBy AWFHIGEEL & FEONESISEIC S E A RN, ETEICERES NI AL Y
RECHHINCETINET, 207 e s T AFHIGEE C. omp_get_thread_num BEi%k %
FEOMH L CWET, Z0B%%iE OpenMP O CERINT-MBBEKCTCHY . AL v NI
2=—JIZHIDETHENTEES, Thbb, ALy RIDAZRLET, £A Ly RBEGL
7oA Ly RID ZROITCHA L, WHIERZ & T L ChET,

ZO7a I HNIR 6 DXL, TEHT a0 “openmp” FIRE L TN
AV LET, OpenMP I L - T, Woban=7rvw 277 ns, BENESIME & FEEIC
OMP_NUM_THREADS ®=REZEHK CWHIKAZFEE L ET, ETIER 70@EY, BFEDO T 12
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7T NEEREIC Jaout EWOHTETITWET, 20702l T LOETA A—F, B 8D X
NI TWVET,

[Fortranl]
f95 —openmp program .f90
[C EFE/C++]

cC —openmp program.c

6 =234 )V} #(OpenMP)

$ f95 -openmp write_myid.f90 $ cc -openmp write_myid.c
$ setenv OMP_NUM_THREADS 4 $ setenv OMP_NUM_THREADS 4
$ ./a.out $ /a.out

My thread id is 0 My thread id is 0

My thread id is 3 My thread id is 2

My thread id is 1 My thread id is 1

My thread id is 2 My thread id is 3

Fortran C

B 7 EATHEE L ETHE

AL KO ALY RO(TRAEZ—ALY K)DHT
WIEZMIKBLET
ALY Kl ALY K2 ALY K3
— ALy KOAZRLY K1,2384£mL
- 3

ALY FIDZEMBLET

|mv1d< =0 | myid== 1| myid==2| myid<==3 |
I—I

wnte wnte w1'1te WriteSXDWMIBICELS EEL ALY
FASHALET
L
(/// AFMEHEDDIE, ALY F1.23
< EBLT. ALY KOOZTHY
DB ZHEITETY

8 FulFALDETFTAA—Y
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MREBRALET, K TICBWT ATOHAORTOR TS Z L X0 4 WFICEMEL
TWAHENERTEXET, F72. ID A2 0,1,2,3 DIETIE/Z2<., 0,3,1,2 L HAshTEBY,
BALy ROWMBINAIEFAALy RIDIETIE/Z2WELSERCEET, ik, (M
MOFREZITHORWVIRD) ALy ROETIEFITRIES T, JEIT write (2D DWW A b
v RMGIDZHATA7-0THY ., 207l I AT, EfTTLH2EICHADINDIEFN
oY 4, OpenMP T L L7ZHAIL. &ALy NICHID S ToH AR AR LT
EFT 5720, ERICUEMTONDIEFICOWNTORIENR2 < | ERNIEWFIET L B
e HEENH Y 9, OpenMP T FHLZIT I BRIXZ O FICHEEBMLETT, (AL y KW
DIFRTNECFEATET LET,)

42 )L—TDiFE

2T, =T OWIHL HFEERAE T, L— T OISR EZ 1T 5 55 13! Somp
parallel do fE RITZ A WVWE T, ZORRITEZEATHE, BEEHEO do /v — 70
OMP_NUM_THREADS & CHEIN/I-A Ly RIS U THBEI & ET,

subroutine loop_parallel(a, b, ¢) void loop_parallel(double *a, double
integer ! 1 *b, double *c, int N){
real,dimension(1000) :: a, b, ¢ int 1;
!$omp parallel do #pragma omp parallel for
do i=1,1000 for(i=0:i<N;i+H){
a@® =b@) * c@) alil = blil * clil;
enddo }
return;
end subroutine loop_parallel }
Fortran C

YR+ 5

UZRNBDT T LEear AV LETTLHE M 5 Tm Lz BENESHLOE & FE
WCENMEL £9°, '$Somp parallel do fER1Tix. ALy ROAERL, L LV—7 D5E I E CfF
9 7=, FiEID!$omp parallel & !'$omp end parallel DFEEITRE T, F7-. parallel do
FETRITIEEZDO do L —7IZX LTEMTHY . YA M6D@ED T, HEEHDHL—
TRV ET, @TIEjoL—T70n, O)TIEHior—7RoEEsnETd, ODL—7T
. V=T OEINEE §jOL—TEEITOLERD Y —RIC@ KV bA— =y K
DRELRYFET,



WH| 3 >~ ¥ 2 — % Express5800/A1080a-D D I 41| ALER — 11 —

!$omp parallel do do j=1,1000
do j=1,1000 I$omp parallel do
do i=1,1000 do i=1,1000
a(i,j) =bG) * c@) a(i,j) =b() * c@)
enddo enddo
enddo enddo
() (b)
YAk 6

4.3 private Z#{ & shared Z#{

OpenMP TlE, BB ORBMEZIBE CX 4., BHEOREEIL $omp parallel <°!$omp
parallel do IZ%8iF C. “BHLEHL) L WO TERELET, U A K4 06FTliX!'$omp
parallel do private(myid) & myid % private Z#IZFHEE LT\ E L=,

X< &N 5 BMIT private & shared O > D EME T, private BIHEZESLEH (2
% private B EMPONET) 1T, ALy R LIS LI-ERZRF T 28T —IFH
BRI EIWCHWGAET, private BEOHE, K TEIIREEL LD E4, LoT W
FLERERN CEORAZIT O LEXRH Y £7,

F7z. shared BEZFFOZE Mi(shared B EFFOE L, T XITHOAL Y b7 7k
AFREREHTT, T _XCOALy FRSR - EHFTECLEI D, EFIMOAL >
R EHHANIZAT S LER S 7,

OpenMP O FIFEI N DO $1ET 7 + /L kT shared 2412720 £4, 7272 L. '$omp do
TWHUE LTz — 7 O#I#EZE % & . Fortran @ do /L— 7 OHIEIZE %L H #8091 private 28
Bl T, HENIMLEROIF, CEFET2EL—TOIMILV—TTHFULT H5E T,
PRIV — 7 O HIE A B0 % B 7RADIC private 248 & 487 L7t HuE, HEZZ %Y shared 24K
EhiIh, B LLEETHRIGE ORI 4,

UA K 702, tmp & W5 EHK% private B & L CTHERTAHIZRLET, 207
TATIEEE tmp IFA Ly RTEICREFENET ALYy FOD tmp & AL K10 tmp
FELHOEKE LTHRDIL, MY LTZEZRFLES, oAy RO T A N— R E
BICEHET 7 2ATHZLETEEREA, B LY, tmp 28 shared B - L CIRbILT-HE.
EEOA Ly RARIKICEHFLEL D L3570, BEHFREOENRRKRRBRICEZ AL AL Y R
DIEE 720 . ROSRIFICER LRVWVEZFAAT Z L1072 0 F77,



— 12 — SENAC Vol. 44, No. 1 (2011.1)

!$omp parallel do private(tmp) #pragma omp parallel for private(tmp,j)
do i=1,n for(i=0si<n;i++){

tmp = 0.0d0 tmp = 0.0;

do j=1,m for(G=0;j<n;j++H){

tmp = tmp + a(,i) tmp = tmp + alilljI;

enddo ¥

b() = tmp bli] = tmp;
enddo }

Fortran C
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—hAERYEMORET, VE—RAEY DT 7 EAZITIE, B—HIVAEY~DT
TR ART, ARV ATy (AEY T 72 AEORERBE) 3B, X512, CPU
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program stream
implicit none
integer:: N,NTIMES,j, k

real(8)::a(N),b(N),c(N),scalar

do j=1,N
a()=1.0
b(§)=2.0
c()=3.0
enddo
scalar=1.0d0
time=0.0d0
do k=1,NTIMES
timel = omp_get_wtime()
call Triad(scalar,a,b,c,N)
time2 = omp_get_wtime()
time = time + (time2 - time1)
enddo
do j=1,N
scalar = scalar + a(j)
enddo
write(*,*) scalar,time

end program stream

subroutine Triad(scalar,a,b,c,N)
integer:: N,j
real(8)::a(N),b(N),c(N),scalar
!$omp parallel do
do j=1,N
a() =b() + scalar*c(j)
enddo

end subroutine Triad

parameter (N=20000000, NTIMES=1000)

real(8)::omp_get_wtime,time,time1l,time2

#include <stdio.h>
#include <omp.h>
#define N 20000000
#define NTIMES 1000
void Triad(double scalar);
static double a[N],b[N],c[N],scalar;
int main({
int k.j;
double time,time1,time2;
for (j=0; j<N; j++) {
aljl = 1.0;
blj] = 2.0;
cljl = 3.0;
}
scalar=1.0;
time=0.0;
for (k=0; k<NTIMES:; k++) {
time1=omp_get_wtime(;
Triad(scalar);
time2=omp_get_wtime();
time=time+(time2-time1);
H
for G=0: j<N: j++) {
scalar=scalar + aljl;
}
printf("%f %f¥n",scalar,time);
¥
void Triad(double scalar){
int j;
#pragma omp parallel for
for G=0; j<N; j++)
aljl = bljl+scalar*c[jl;

Fortran

DX 8
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FZC, VAL 9 TCIEELE S LIS L, 77y —A RZ v FEITVET, B ab.c
EHIZ, MO TOT 72 AIHBLE T, HA Ly K3 Triad N CUERAHYE T 5 A
YTy I AP OFBEOEEMEYL L TV ET, ZHUC KD abe DFERIIR 10 DL DI,
ML 2L LA Ly RBED S bh-a7on—h A ICRESNL, 77 &8A
DEFLVE—RNAEY~OHEERT 7 2 AREMCEET, 77 —A M v T OMHERET
£ LIRLIZEY THY | 32 W TOMRER E2ER TE TWET,

(ESHAE) (EESEER)
1$omp parallel do #pragma omp parallel for
do j=1,N for (5=0; j<N; j++) {
a(j)=1.0 aljl = 1.0;
b({)=2.0 blj] = 2.0;
c()=3.0 clil =3.0;
enddo (%)
(%) void Triad(double scalar){
subroutine Triad(scalar,a,b,c,N) (=] %9)
(%) #pragma omp parallel for
!$omp parallel do for G=0; j<N; j++)
do j=1,N aljl = bljl+scalar*cljl;
a(G) =b() + scalar*c(j) }
enddo
end subroutine Triad

Fortran C
UXbF 9

Ty —ANE Yy TFEIT OB, HEEESOWHL—T L OEMLREOW S — T D “AE
U7 72 ARE =7 Rl RROESTAMLERH O 3, U A K 10 Tk, &S al,))
OFEULE ] ON—TTIT o> THETH, BEEES TIEANRIO 1 ov—7TWFHE L a,))
T 7eALET, ZobLE aGPiE ] THEISH ATV ICEB SN TN, EEHT
ER 11 DXV E—RAEY ~DT 7B ANEEIITONLES, 20X 97 7r— ATl
MEEZY AL 11O CHEHEL—FLRUL 1 OL—FTHFHLS 5 2 & T, HEE Y

TOVE—RAEY~OT 7 A% KIBIZHEAFIREE 720 37,
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program memorytest
implicit none
integer:: N,1,j,k
parameter (N=2000)
real(8)::a(N,N),b(N),c(N,N),scalar
!$omp parallel do
do j=1,N
do i=1,N
a(1,j)=2.0d0
c(1,5)=1.0d0
enddo
enddo
'$omp parallel do
do j=1,N
b()=1.0d0
enddo
call mem_test(a,b,c,N)
scalar = 0.0d0
do j=1,N
scalar = scalar + c(N,j)
enddo
write(*,*) scalar

end program memorytest

subroutine mem_test (a,b,c,N)
integer:: N,1,j
real(8)::a(N,N),b(N),c(N,N)
do j=2,N
b() =c(1,j-1D
!$omp parallel do
do 1=1,N
c(i,j) =cj) + ai,j) / bl
enddo
enddo

end subroutine mem_test

program memorytest
implicit none
integer:: N,1,j,k
parameter (N=2000)
real(8)::a(N,N),b(N),c(N,N),scalar
do j=1,N
!$omp parallel do
do i=1,N
a(1,j)=2.0d0
c(1,))=1.0d0
enddo
enddo
'$omp parallel do
do j=1,N
b(G)=1.0d0
enddo
call mem_test(a,b,c,N)
scalar = 0.0d0
do j=1,N
scalar = scalar + c(N,j)
enddo
write(*,*) scalar

end program memorytest

subroutine mem_test (a,b,c,N)
integer:: N,i,j
real(8)::a(N,N),b(N),c(N,N)
do j=2,N
bG) =c(1,j-1)
!$omp parallel do
do i=1,N
c(i,j) = cj + alj) / bR
enddo
enddo

end subroutine mem_test

UZXBF 10

YZ2H 11
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6. BEhUYIC

WHIFHEDO AL LT, BEWIHLS OpenMP % ZHE W= LE L=, BENFHL,
OpenMP & H12, B L& nieh o=, BEBSHEELET, L EERMEC WV
Tt Intel 2034 TDO~=a T IV ESRITZI N,

WHIFHE I N— RAREWETHEI NI F LWV H s LeWnETN, 9 FESHATE L E
BHEoEELLEZBR CEXHHALH 0 3, AR, WIHLEZIT S X ohiF=0, WHIFH
BEAIT O FRT IR TN T,
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Reproduction of diurnal variability of Meiyu precipitation
in the Yangtze River Valley using non-hydrostatic model

Guixing Chen, Weiming Sha and Toshiki Iwasaki
Department of Geophysics, Graduate School of Science, Tohoku University

Meiyu precipitation in the Yangtze River Valley (YRV) tends to reach its maximum in the
morning. The middle and lower reaches of YRV are identified as two preferred regions of
morning heavy rainfalls. To clarify the underlying physics responsible for this diurnal
variability, a series of high-resolution simulations are conducted to examine nocturnal
convection systems for a 5-day period of repeatedly occurring heavy rainfalls. Both the
rainfall amount and its diurnal cycle in the vicinity of Meiyu front are well reproduced; so are
the associated low-level processes that vary diurnally and regionally. It is found that the
formation and evolution of nocturnal convections exhibit strong association with the
nighttime intensification of the low-level jet (LLJ) over south China and the arrival of
warm/moist air pool to the Meiyu frontal zone in the YRV. Overnight they strengthen the
Meiyu front from its south sector. To the south of the Meiyu front and the north terminus of
LLJ, the moisture convergence and convective instability are distinctly enhanced, triggering

the nocturnal growth of convection and producing the strong morning rainfall.

1. Introduction

During the warm season, East Asia is featured distinctly by the march of the summer
rainband, which is well known as the Meiyu in China and the Baiu in Japan. It brings plenty
of rainfall for the East Asian countries; it sometimes causes heavy rainfalls and severe
disasters. Along with this seasonal change, diurnal cycle in cloudiness and precipitation is
found to be another key aspect of the weather and climate. Diurnal variability of Meiyu/Baiu
precipitation is studied to expand our understanding and predicting on the precipitation
systems and their underlying physical processes.

Observation and numerical analyses on Meiyu precipitation systems have been conducted
for decades [1]. The rain-bearing systems in Yangtze River Valley (YRV) come from the
mesoscale ones that are generally embedded in the synoptic/large-scale Meiyu frontal zone.
Recent works make use of the high-resolution rainfall data and reveal that the Meiyu
precipitation tends to reach its maximum during the late night and morning [2, 3]. This
morning signature of precipitation is attributed to the long-lived organized convection such
the mesoscale convection systems [4-6]. Furthermore, the diurnal cycle varies in regions of
the YRV. The precipitation in the middle reach of YRV (MYRYV, 105-112°E, 25-30°N) is
attributed to the migrating episodes that initial at the east slope of the plateau since midnight
and move eastward during late night and morning. However, the precipitation in the lower
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reach of YRV (LYRV, 112-120°E, 25-30°N) results from the local eruption of moist
convections driven by the enhanced monsoon flow during the early morning.

There have been some difficulties in reproducing the diurnal cycle of Meiyu precipitation
in the YRV. The Meiyu precipitation results mainly from the heavy rainfall events whose
location and timing are difficult to predict in numerical models. On the other hand, the
high-resolution model is necessary for resolving the mesoscale features of rain-bearing
systems, while a large domain of simulation is needed for capturing the associated synoptic or
large-scale environment and topographical impacts of the Tibetan Plateau.

The need of the high spatio-temporal resolution over a large model domain highlights the
importance of the huge computation resource and parallel computation efficiency. In this brief
report, we take the advantage of supercomputer systems to conduct a series of simulation to
reproduce the diurnal variability of Meiyu precipitation in the YRV. Technical supports for
speeding up of the simulation are given through the collaborative work with Cyberscience
Center, Tohoku University.

2. Model setting and numerical experiment

The model used in this study is a non-hydrostatic model developed by the Japan
Meteorological Agency and Meteorological Research Institute (JMA-NHM). A detailed
description of JIMA-NHM is provided by Saito et al. [7]. The basic equations in the model are
fully compressible equations. The semi-implicit time-integration scheme [horizontally
implicit—vertically implicit (HI-VI) scheme] is employed for treating the gravity wave. The
advection scheme (4-order flux type horizontally and 2-order center difference vertically),
atmospheric radiation schemes, mixed-phased cloud physics, etc., are also incorporated into
the model. The modified Kain—Fritsch convection scheme and the improved Mellor—Yamada
level-3 closure model are chosen for the parameterization of atmospheric processes.

The simulation targets are the heavy rainfall events that occurred repeatedly during 11-16
June 1998; their diurnal cycles are highly similar to the climatological ones. The model
domain contains 504 x 364 horizontal grid points with 10-km grid, which covers East Asia and
the Tibetan Plateau (Fig. 1). 38 vertical levels with variable grid intervals from Az=40 to
Az =1060m are used, where the lowest level and the model top are located at 20 and 19270 m.
To reproduce the timing and locations of heavy rainfalls more reliable, five integrations rather
than a successive one are conducted. Each initiates at every OOUTC of 11-15 June for
daytime spin-up and lasts for 36 h; time step is 30 s. Diurnal cycles of 9-33 h are examined
with emphasis on the nocturnal evolution of precipitation systems.

The elevation in the model is given by GTOPO30, which is derived by the U.S.

Geological Survey's Center. Initial and lateral boundary conditions for horizontal wind,
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pressure, temperature, and water vapor are given by 6-hourly 0.5° GEWEX Asian Monsoon
Experiment (GAME) reanalysis data. The initial conditions of cloud microphysical quantities
are provided by the corresponding 6-h forecasts of IMA-NHM from 18UTC. The 3-hourly
rainfall data of the Tropical Rainfall Measuring Mission (TRMM) are used to validate the
simulation of rainfall amount and diurnal cycle.
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Figure 1. The Model domain and smoothed elevation of GTOPO30 (shaded). Dashed

rectangles mark the MYRV and LYRV.

3. Rainfall validation

For rainfall validation, the rainfall amount during 11-16 June is compared between the
TRMM-3B42 observation (fig. 2a) and the simulated one (fig. 2¢). Both the observations and
simulation show that heavy rainfalls appear in the MYRV along the east periphery of the
Yun-gui Plateau and in the west-east oriented frontal zone in the LYRYV, where the flood took
place. Along the Meiyu rainband at 27—-30°N, there are a number of precipitation centers at
110°E, 114°E, 116—118°E and 125°E, respectively. The extreme amount in the LYRV exceeds
300 mm in 5-day period. The simulated Meiyu rainband is narrower and more intense than
that in TRMM measurements, partially due to its high resolution. Overall, the simulations
reproduce well the overall distribution, mesoscale feature, and magnitude of the Meiyu heavy
rainfalls in the YRV.

Time-longitude diagrams of hourly rainrate along the latitude of 25—30°N are used to
evaluate the modelling on the individual event of heavy rainfall and mean diurnal cycle.
Figures 3a and 3b show that three intense events in the MYRV at the mornings of 13, 14 and
16 June are captured by simulation. They are associated with the eastward propagating
convections that develop at 105—106°E at late night and strengthen at ~110°E at morning. The
rainfall becomes evanescent at the daytime of 14 June, partly returns at the morning of 15
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June, and fully recovers at the morning of 16 June. The simulations reproduce the relative
weak morning rainfalls on 12 and 15 June, although the rainy area is slightly overestimated.
In the LYRYV, both the observation and simulation show that the extensive rainfall takes place
in the morning hours of 12—16 June. Note that, the eastward migrating signal from the MYRV
becomes obscure when arriving at the LYRV. More likely, the Meiyu precipitation systems
develop explosively within hours at one same morning in both the MYRV and LYRV. For
example, strong rainfall takes place 105—111°E from the late night of 15 June to next
morning; meanwhile intense rainfall appears at 114—115°E and 118—120°E. It seems clear that
the diurnal cycles in the MYRV and LYRYV are independent to each other.

Figures 3c and 3d show the 5-day composite diurnal cycle of rainfall. Both the
observation and simulation show that the diurnal cycle of rainfall has two preferred regions:
MYRYV and LYRV. A gap is readily identified at 112°E that divides these two regimes.
Rainfall tends to develop at the east periphery of the Yun-gui Plateau at 15UTC, and then
moves to 110°E where it attains its maximum at 21-03UTC. This eastward propagation has a
slow phase speed of 9—13 m/s, i.e., traveling across ~4° longitude within 8—12 h. This
migrating signal is thus confined in the MYRV. It accounts only for the local eastward-shifted
diurnal phase. Instead, another kind of diurnal cycle can be distinguished in the LYRV.
Precipitation systems have a rapid local development at 18UTC and produce the extensive
rainfall in the morning hours. These regional features in the LYRV and MYRV are highly
consistent to the climatological pattern of diurnal cycle, underscoring the fact that the heavy
rainfall is a determining factor of the diurnal rainfall cycle and regional difference.

(a) TRMM-3B42 (b) JIMA-NHM
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Figure 2. Accumulated rainfall amount from 09UTC June 11 to 09UTC June 16, 1998. (a)
TRMM-3B42 observation; (b) IMA-NHM simulation.
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Figure 3. Time-longitude variation of rainfall averaged in the zone of 25~30°N by (a)
TRMM-3B42 observation and (b) JMA-NHM simulation. (¢) and (d) show the 5-day
composite of diurnal cycle for the observation and simulation, respectively. The terrain
elevation of 25~30°N is shown in the bottom panel.
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Figure 4. The 3-hourly simulated rainfall (shaded) 850 hPa horizontal winds (vector) and Oe
(contour) averaged during 11—16 June, 1998. The red vector shows the wind speed exceeding
12 m/s.
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4. Diurnal varying low-level processes associated with nocturnal precipitation

Many studies have recognized that the lower-tropospheric conditions are crucial in
allowing the organized convection to persist overnight [8, 9]. In the southeastern China, the
organized convection can be reinforced by the nocturnal enhancement of monsoon flow in
meso-a or synoptic scale [6]. However, the coarse observation data have limitation resolving
the diurnal variation of mesoscale systems. Here, the high-resolution simulations are used to
facilitate our studies on mesoscale/regional aspects of the thermodynamic and flow structure
on a diurnal scale.

Figure 4 portrays the 3-hourly evolutions of simulated rainfall, 850 hPa horizontal wind
and equivalent potential temperature (0e), averaged for a 5-day period. Through the period,
the low-level anticyclone is situated at the northeastern part of South China Sea. The
southwesterlies prevail over south China especially along the east periphery of the Yun-gui
Plateau. Figures 4a shows that southwesterlies are relatively weak, ranging from 10 to 12 m/s
at the afternoon. The warm/moist air with 6e>348 K dominates the inland south China and
develops particularly in the west. It may result from the daytime surface flux over the heated
landmass, convective mixing and subsequent shallow convections [9]. The simulated rainfall
is visible but weak in the YRV.

At evening and midnight (12—15UTC), the wind speed of southwesterlies increases to
16—20 m/s in the west of south China and 13—16 m/s in the east (figs. 4 b-c). A remarkable
acceleration of 6—8 m/s (3—4 m/s) can be estimated for the west (east) region of south China.
This nocturnal enhancement of low-level wind is in a good agreement with the sounding
observation over south China (not shown). It highlights that the model has a good
performance reproducing the diurnal variation of low-level processes as well. The intensified
low-level wind exhibits as a converging southerly flow along the east periphery of the plateau,
where convections become more vigorous. The high-6e air moves fast northward from south
China to the YRV, while the low-6e air replaces the coastal region of south China.

Figures 4 d-f show that the southwesterly LLJ attains the strongest in strength (~20 m/s)
through the late night and morning (18—00UTC). The wind speed maximum tends to extend
northward or northeastward. This downstream extension of LLJ leads to the wind speed
increasing by 4—5 m/s to the south of 28°N. The pool of warm/moist air (8e>352 K) arrives at
the YRV. Consequently, the meridional gradient of Oe value experiences a rapid increase,
especially at the south sector of Meiyu front (28—30°N). It implies that the nighttime
frontogenesis of Meiyu front is driven largely by the low-level forcing from the south. The
arrival of warm/moist air pool also increases the convective instability to the south of the front.
On the other hand, the confluent flow of LLJ enhances moisture convergence and mesoscale
lifting. All these favorable conditions lead to a rapid growth of moist convections and hence

the heavy rainfalls.
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Figures 4 d-f also show that the southerlies are intensified over the west region of south
China with an earlier and stronger phase than that in the east. It is found that this acceleration
of low-level wind is driven by the large imbalance between the pressure gradient force and
Coriolis force since evening when turbulent stress becomes decayed. This is responsible for
the earlier initiation of convection in the MYRV (figs. 3 c-d). Meanwhile, the enhanced
southerlies tend to veer to southwesterlies that steer away from the plateau; northerlies appear
over the Sichuan Basin, a signature of mesoscale cyclone or vortex. Over there, the intense
rainfall moves eastward or southeastward.

Figures 4 g-h show that southwesterlies over south China return to a suppressed phase at
late morning and early afternoon; the wind speed declines to ~12 m/s. The warm/moist air
pool in the YRV has been consumed and the value of 6e becomes less than 348 K, while it
begins to recover over south China. The heavy rainfalls to the south of Meiyu front begin to

decay gradually as they continue migrating eastward.

5. Concluding remarks

To clarify the mechanism for the morning precipitation in the Meiyu regime, a series of
high-resolution simulations are conducted to reproduce successfully the heavy rainfall events
in the YRV. It is found that the two preferred regions of heavy rainfall in the MYRV and
LYRYV are attributed to the nocturnal intensification of monsoon flow and associated low-level
moist processes. As a response, the low-level frontogenesis, moisture convergence,
convective instability and mesoscale lifting are distinctly enhanced to the south of the Meiyu
front, where the nighttime formation of convection and morning heavy rainfalls take place.
Therefore, the timing of convection initiation is consistent with the arrival of warm/moist air
pool, which is transported by the enhanced nocturnal LLJ. It highlights the importance of the
diurnal-scale interactions among the monsoon flow, Meiyu front, boundary processes and
topographic effects on the formation and evolution of Meiyu heavy rainfalls. We consider that
the further investigation on the mechanism in regional and diurnal scales in the future is
helpful to improve the predicting skill on the Meiyu precipitation system. The high-resolution
simulations using the supercomputer systems will promote our understanding on the weather

and climate over the East Asian countries.
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BCM ¥+ %9, ZOMNHLID X5 ITHERRER LB P &2 3EFE IS/ A7 Cell 12
KoTERBEINTNWA.

4 MEEFEDY O BCM T (CKfRIX Cube R AZFE L, MR Cell Z#FET)

3. A#EFEbHLYOENERHK

3.1 BIAAEOME

MUZEHEE OFHE 21T 5 AN FIEOR B2 BFET 5 72 OICHEIC X 2 BEEEHE 21T - 7.
Z I TUE, CERI161IC & D M EE & RIER O S CREHT LRSS A el L. ABFZE Clabs TAftE E o
Rird 2-50OMAE (Coarse, Fine) #HAE L7=. 2156 2 DO M Cube #7234 L < Cube NEL
D Cell a3 B70 5. /BT EIZHFEER D 2 X% LT, Coarse 7% 1.2x102D, Fine (% ®
1/2 ® 6.1x103 D TH 5. K 4% Coarse Cylinder D&+ Z2AfA{LL7=b D THDH. Fiz, 2EhH
FOBHENEIZHAEOER Im ONMEET5H. £ VICEITICHW &84 23E7.

F1 HEEDY OfFT St

Coarse Fine
Cube #% 7,552 7,552
% Cube N Cell % 83 163
¥ Cell # 3,866,624 | 30,932,992
B/ I I 1.2x102D | 6.1x103D
MAEESE D 1.0x102m
itk 15 m/s
Reynolds %t 1.0x104
AN IV F 15,000 Hz
W7 Y v TR 0.033 sec
FEAT BE B x: 50D, y: 50D, z: 4D




Building-Cube#: |2 & % JEEH FARENT & 227155 — 37 —

3.2 HERR

512 Coarse & Fine DJE/1HE2 7. EH 6 HEZEFIC@ABEL TWDHZ ERNDNDHN,
Fine DN LVl 7ot E CIRIAONTND I ERHERTE S, T, 6 IZFENEN DR
FIZB T 2% OFEMEE (Cp) HiEEOHKT 23 . 2k Cp=1.8 OEER ORI TH
D, Fine ® 57 Coarse (ZH_TCHIELEOMMRENEEZILZ I TWD I L0015,

WIZAEOREEDEEN S (DX Z AW TEH L7-%F/F & SPL (Sound Pressure Level) % Lt
gL, 7EOR 8T, SEOMMERENOREE, IS I X 25 BEfET & EBR oS E([16]
CHET S, KT X0, Coarse DFEHAITINFE S OENTIER L 20 DEENHEL TE 57, Fine
DOFENIFHERREL B L TWAHZ &R 05, F-, K8 kv, BEMNRKERDEEREKT
Coarse,Fine #£1C EBER L L < —FH L TW5H, Coarse Tl SPL OfE7S 30dB F2E &/ & <
HEE SN 7. Zhit Coarse TIIAE ARG E MEW 7201, M2 iliEE 23 2 b ¢ RS
DENEEBNRRMEESNPTIME NS RoTNHEEZBNS. —F, Fine T B —27 O EEEK
T 10dB BRE/NSKHESNTNEDR, 2FRNICRD EEREZBLS FRHTETNWAE LN 5.

— Rz, ZEHEOKRHEBEREEII L~ mOBERERICZE LN EnG, HEDOA Fz—
IR TCICENE T A L F O HERIE 300[Hzl Th A Lk b b, X8 L v FEERE L FREIC
HEMEY 300[Hzlic B — 27 28570, KFENRE—JELZ L FHRITE TWALE NS,

| E 05.06.03.02.01 0 010203040650507 0500 1 91121314

. : adl
(a) Coarse t&+ (b) Fine ¥+

5 MEEEFEORES A

z

H

E: -0.4-03-02-01 0 04 02 03 0.4 05 06 07 08 09 1 1.1 12 1.3 1.4 E: -04-03-02-01 0 01 02 0304050607 0809 1 111213 14

(a) Coarse #%+ (b) Fine ¥+
6 HMHE#“FEICBT 2 EHEERO TR
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4. BZEWEBETILEDLY ORI

4.1 BRHEOHE

HECHW-OIEZ A YOHO (Simple FEHK) &, ME -4 K7 L—R+ "L U U5
B L7 (DST ) » 2 CTH 5. Reynolds i34 A YiEERZAEE L LT 1.8x106
Thbd. FHEZEMIIYAYEZRZD L LTx y FEIZENE 30D, z FHAIZ 156D THhoH.
REMEIIFR 2D L HICERT-. RRHTHEE T HEOEE O Cube NEHEEZ FHNTN5S.
Tz, MOBEIXXK 9 IZRT X 92 z BAANCSHE, zEBEACY A PRELH LT LTWD. 2z
A OBEREMN CGHEMITR) FERZERETLH7-DICAY v 7R E LT

FHEITENENOMIZ S Coarse, Fine ® 2 FEEOK T CTEITLIZ. TNENDOETFDFET
FE B ITRTEY THY, ZHOEWIMMBEEL TW5DH DST RO FHIE, Simple AR O 2
BFTHY, FIEIZEL TS, FEIZBWTIE, Coarse, Fine & H12, F3IEEF NG E
BWEITDHT-DICERTERE 10 Z05E L, ZO%BBENRNLEES 72912, Coarse /TR



Building-Cube{% 2 & % IEE HILAIRNT & 22 ) SR — 39 —

JTHEFE 50 721F, Fine TIXERITHEFR 10 727 5HE L7-. X 10 (27”9 Fine IR OB+ 0/ 05
MBI, AR EILBERINTWVWAZ EBERTE 5.

&2 RN
velocity B.C. pressure B.C.
X- — kR A~
X+ it T4V
7 AV w7 A~
Z+ | kb T4V
Y- S T4V
Y+ | i T4V
# 3 HTEETT
(a) Simple B4R
Coarse Fine
# of cubes 2,560 12,760
# of cells per cube 163 163
total # of cells 10,485,760 | 52,264,960

minimum grid 9 7x10° 4.8x10°3

spacing
(b) DST Fik
Coarse Fine
# of cubes 4489 23151
# of cells per cube 163 163
total # of cells 18,386,944 | 94,826,496

minimum grid 9 7x10° 4.8x10°3

spacing

L E,

(a) SimplefZik

9 y=0WrimiZ31F 2 EHED Cube 55
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10 Fine JRIRIZBIT 5 4 A VE O O+

4.2 iR

4.2.1 84 VYRARNENREAIH

Simple AR O FEMTHE B OB ) 247\, K 11 12 Coarse #8F & Fine 88 FlC BT 5 ¥ A ¥
O (y=0.363) [ZHB T 2B FRENREOGFERT. Z2C, KI2ICRT IO 0 EfELZS
TEM S, 90 ENLEE X A ¥ ORE SO KA, 180 ENLE ZIEH S, 270 EMEL ¥ A ViRE A
L7, ZoX11 L0, HBTEEENENRDE Cp i/ MENR LD/ 720, hoXAF¥HFEFT
DCpEIEN LV KX 2B I ENNND. ZOFREIZR 13127458 6 0 T6l & s R

(v TF Ty 7 iSRSV L IUPACS I L 5 LES 55, e &K+ LN TAS |2 XL 5 RANS
HE) OFERMELEEMIC—H LTS, LrL, Cp DR/MEN—FHLTEHT, ZhidxsE
A7z Fine 8+ Ch o THLREABORTREEBENRE L T2, FHEEIENEREL D LA
Tl T LEST-T-OTHDLEEZBND.

DSTRICBW TS, RUXA YEIZBIT A E TR OREDYE MRS HZ2Rd 7.
14 12777% X 912, Simple IR & BFEOEAMZ R L TEY, Fine B+ TCOHFBEITIRSNH L DOD
FHIBENRTHF T E > TWVWAZ LS5,

-2.0

° Fine * Coarse

-1.5

-1.0

05
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0.0

0.5

1.0
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0 90 180 270 360
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11 A VEAGRORFYEEEIELS (Simple FEAK)



Building-Cube{% 2 & % IEE HILAIRNT & 22 ) SR — 41 —

e o
5 —o s ||
—b— TASRtire [
q EXF-Lli_re
-2 ...... D -
o
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1 Py
¢ 0 20 180 270 360
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s °DST Fine * DST_Coarse |
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14 % A YJE T EORREEFERES (DST AR

4.2.2 FREFHTER

Simple JEAK & DST FEIR DO Es i SEE) e & ONE 1570 % X 15, 16 1T d. Z A YHAERD
FITRESENLTEBY, FNBHBEL TODEEFIERTE 5.

FIBE DRI & SRR NENTH Y, AZEILEHS CHRANHBEL TWVWDZ LR TE
5. 728, DSTHRICEB N TS A YRICFET 28 MmO BT LY, Simple RIR & 13E il
DO 72 5.

:ﬂﬂ/f 1.
I

AR Lld LI

v~ ~ v
rOONDO S Ws

I3
!
:
1
T
I
¥
i
I
—
i
i
]
3
H
3
:

15 Simple JAR O RFESEE TR & 001 16 DST JAR O REfE SEE AR & 101
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4.2.3 BEEESH

MIBESE O E S O IFEET D DST IR O Fine #4123 1F 5 BRI 0 H i 12 K 2 Wik b ook B
AN 1T IR T. KM TR E 0% Zmax, ¥ 1 ViLiEE 100% Zmax & L CH 5. HERDT-
W, 18 125K B OEFFEBRIBICH A WrE~ v O ERT. S8 SIXIEEEKR TV L
RTCdDH TAS #HV T RANS #HEZ{TH- T 5.

FIH T ARITEE (Z=20%~30% Zmax fi7{&) I[ZBW\WTIE, A R7L—R &L ZREOB ORI
MIBE & THEOMICIMEER A AE U TRBY, SR LOELEEENIC—FK LTS, 272L, £D
NS, SFERCHEDO m G A U HBENEE L TWH EEX LD, ¥ A YrELE
(Z=70%~90% Zmax 7 &) IZB VT, & DTFHIC L VMEBEBICHNENRRELS B D,
70% Zmax {7 TlE, THEOHFREN ML ) v ZICEHRE L T LBETFRHER T, HnEiIsH
OOREREEEMIC—EH LTS, L, S 6ORERIZEDOIMEITER ST, 90%
Zmax N CTlI X A YEIOFHIICE L TER LR LERESBR-TEBY, ¥ A Y% CRE
LTCWAERTDHER CTE 5. IO ORERIL, BEBEERRICIY XA Y AO CHEENAEL, ¥ A
FYHEIZADHENBNBE L CLE-7-Z LICERT S EEbD. 5%, B Reynolds O
S LUCOEMET NV EDOT 70 —FRNNETH5H.

%12, Simple KD Fine #1233 17 2 K 2 O Wi B 5546 2 X 19 1Z7R7. T0% Zmax
BT, XE®REEED ML )70z, 44 EZIEOBMTOMENKE -
WHZ ENHERTE 5. 80%X° 90% Zmax (ViEIZBWTIE, Fiiivsix DST AR o W& E 5> 1A
LIZIERIC E R 5TV 5.

Velocity Magnitude
1.500
n

IO.OOO

(C) 70% Zmax (d) 80% Zmax

(e) 90% Zmax

X 17 DST EROMEEE /> (Fine ¥&1)



Building-Cubei: |2 X % IEEH AR & 22015 HH

(a) 70% Zmax (b) 80% Zmax

(C) 90% Zmax

19 Simple IR OWrHHE /3 H  (Fine #-1)
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4.2.4 ZHEMRE

Simple JER O IEE & AR 245812, Curle O X 0 I SICB 1T 5 HFE L ~UL SPL %
HE L7-#EFR (Coarse, Fine) #X 20 1Z/Rd. K 21120, HEO7-D, 5K 51255 TAS &
A7 RANS 3 ESCER O R 2 3. KNS RIL, Coarse, Fine & 12 80~90dB CHERE L
EFEOERSCER[E S SPLOA—X 13— 1L TW5A. 7272L, Fine B+ Ch > THEMRIC
X SPLEBZIZ 5N TND EIFNZT, EHFICE L CUXMEEEOH TR EITE 2 0
B, EBRTFT—XTHDH 600[HzFirD e —2 1%, EBRETIVICHE L CW-HEE For 0
BTHY, HEETIVICIEMEL TR,

110 4{ = Coarse —Finel 110 E : TR
100 100 F————+— e
% N N\ . A s o e
J NN W Y, < WEE A U ;
— s N/ o o OO AL N
i VV\J o 80 B =SV ""\!
E.. E - celion .Y, (5000
w70 S
i M o
o0 w 70 i) j:ﬂ =
[ : —{}— Kirchhoff (face 1)
e ——— Kirchhoff (face 2)
50 60 ————— —— Kirchhoff (face ) | ..
[ i —{(— FWH (face 1)
B 1 —~—— FWH (face 2)
20 50 — : —=7— FWH (face 3)
100 1000 B e Experiment
e i s s o L B
Frequency [Hz] 40 102 10°
Frequency [Hz]
[ 20 Simple JE4k > SPLE (Fine, Coarse) X 21 AF 5 Xk 5 & EBEE (6]
5. &8

JﬁﬁﬂiIWM#E%%%W%%V”NECmb@ﬁhié%ﬁiﬁﬁﬁ@%%%ﬁw,m
FEEMZEMERETT VICER L7-. AEED oftrick ik, 2 EEEICHE T H 2
ENERETH D Z k%rbt.~ﬁ,$%%?»h%bfﬁ,&4?®A@WEWE%#4F7
L — A BB OFE L TCWAMO 2FEEICHOWTEHE L. ¥4 YEHFROERE MRS
ﬁﬁ,%ﬁ@%%&ﬁﬁ%ﬂ—ﬁ?é%@@,%%ﬁ%ﬁ?%iofwé:kﬁﬁﬂot.z%
OAWE CORFRBIES R EEESHA LY, MRS ER TN EHEL T D Z AR T
7. BEFEORER L B2V MBEORE CHEENA U2, MEERO K& SRFHIPR I, EE
DOFENE LB S5 TWAZ ENSh o,

ARFHETH, BEREFEHANTWAZ EGEMREHE D O 2175 Z LIRS TH Y,
BB DOE LM T ABRICIIIEEICED TH D, BERABHNOKRFEEGEREEORE LIRS
NTWBEDR, 5%0X 5725 5EMEMEREDR FC Building-Cube Method OB N FEHE S
THhH9
o F2

AW, WAL RFEY A N—H A = A& — L O 21 FE LR IERE BT CFD
VNN —=OEELICET 5] 2O LR THEONIERTHY, A —DA——a
EPa— 4 Z2RHATAZETCERTIZENTE . IFECHT-»> CIRE v ¥ —BUREAICE R
RIIRE L TH AW W, 2, REBFERITEFE (21226018) OB A Z T LD TH 5.
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F—REICEI(ARREFRE - EFEXFHE OIS LOHRE

URBRORZER A LA ek, 2 Rld R seimat B set o 7 —
VURER fat, 2T b EeE

BFNFOE IS W T/ EO BT RERE 2 RT 2 HIEEME L T D, 16k
DUV — A O TREFEZ SR T 25151, 7Y = BEBERET 7203 A Lo
AR Z & LTV, AT, 7V — BB EE T S 2 L A HELO B B E A A
THHEEMFEL, R IR kL7

1 [EL®HIC

BT A ZADOWAME & ESRE L e I o, T WSRO BTl E T e D BN E
FoTETND. %/%E%®A)274/&h%ﬁ%_owf®%%m£mi AR N3
NS T L—r Uy vay, VI ITT7 40— WnoslfiiiidE A CEMmMIZT 2 A r—
NORBREER L, ORI ENTZRFEHCS T2 NS ERZMET S Z L2 >THLRN
TW5. @BREFHRTIE, EMmELOEMEZ T EMITL T < & EMBICEIR 225 72 D 7
TP EIND. ZORTHEE RIS BIILE IR EZT, ¥ 7 2 A0 Gy(= 26%h:e
ITEXER, W77 7 EH) OBEEICEHEIND 2 EREORFHIZ OV TRIIIHE S
Nz, 20t%, 2L OB TIOE I lea X7 2 AOELBHERINTZ. £, 4 %—M’
BALTH, _oEBUFA4—1=° DNASGT, BOMELESFIRT Boa 27 2 ZOHE
R bt snTtng. 4 %ﬁkow1®ﬁﬁui,itﬁﬁ@%ﬂﬂ%é&%bﬁéﬂ,ﬁ
7o TSR 2 FEOM B O FIREME & L CHIBRIEV . 2 2T, AHFFECITM AR L7256 — B
DSWT T/ HEERO & FlE R 2 KD 5 Overbridging boundary-matching(OBM) (1, 2] %
BI%E L7z, ZoohiEE, FEZEMTFES, 4 12KV TEY, R A S a7 8% V@it s)
FHREICE LTV D, LaL, T/ EERO 7 ) — BB EHE T 2720102 < Ot ER 2 &
RLTEY, WAERBEEN TV, 2008 FEEOKFEMIETIE, 7V —vBkEET2 2 &72<
ﬁﬁ®&@%ﬁ#%t?@¢ﬁ&ﬁ%m< &C, FHEEAKIRICHINT 5 2 & ITpEh L7z [5).
ATIE, YoV v aEMmEAOESAICENT, X5R5EmEbE ATERICT 5k 6] 1o T
T 5. ZZTIiE, EICHREEDOHR uff)iow(nﬁ%j—é DT, OBM IEDOFEMIZONWTIE, &5
SCHR (1, 2] BB S,

2 FEFX

T REEROREREEZHE T DI, KLIORTEORETVEHWD. @ﬁﬁ’$ﬁ@x
y FINZIXESE RS %2, EFOWND 2 Fildsbam s PRI < SEREMEZT. £/, &
FIFEMER S HRERIZE D> TRNLD D ET 5. %&EL%E@Z@, %Mk hy, = L,/N, D7
Uy RTHpBIESNTWS. 22T, L, IRELEKROR S, N, Zp HTao s Uy R (e, o, y,
F72132) TH 5. Kohn-Sham HFE (7] O AT

52 Ny
WT/)(T) ~ Z {Cm,nw(xi + nh:r:: Yis zk) + Cy,nl/)(%:-, Yy + ?’Lhy, Zk) + Cz,n'l/"(xia Yis 2k + nhz)}

n=—Ny
(1)
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DEIICREND. ZIT, Ny 32Tl 22004 —%—Th Y, REIFISE T
Bz L%, 7V v FIZ X v EEfk < 7= Kohn-Sham KL, RO & 5 ICFTFIERFNRTE 5.

~BYU(z1) + {E — H(z; ,@//)] U(zp) — Bol(z1) =0
(k= —00,....,—1,0,1,..., ) (2)

22T, B = gzl ThY, TE Noy WL (Noy = Np x Ny) OBAATII Tl . H (23 5))
¥, 2= 2 BT -y W EORT oy VEET Ny Rt 7 vy 7 =BT TH Y,
Ky = (Ka, kiy) 1, BREIEATRE -7 VAT VHEBNO T vy Rl Cch 5. £z, Uin) i,
z = 2 (28T D -y i Lo BBV (T, Yy ) i =1, Ny, § = 1,0+, Ny} #5751
7 MV ThD.

-

transition
electrode region electrode

=R il L

mmmm———p -

Yy z

L WS RRERRLCAE 5 B 70, BT, PRI Y= ) v AEBIZERER TV . @,
Y HIANITEEE RS2 LT D, i, Kohn-Sham F2hR7 o v v VE2FHET D L XI1C
AND A==tV Z2RKT. EIEOHPIP =) VLEMTHD. SELHEGE LV HsH.

OO, DTFTIEHLES (N =1) ZHWDER, ESRESFEU~DILELES THD. 17
WFrE WS &, BELsEE (20 <z < 2n.41) TIE Q) KEKRDO L HICTEXHZ HZ N TE D,

[ W(z0) ] [ BI®(z1) ]
\11(21) 0
B — Hr] z = s : (3)
\I/(ZNZ) 0
L U(en.1) | L B2¥(2n.42) |

= 2T, ExKohn-Sham =3 L —, Hp ZHESIRO NIV =T v a2 =20 & 2 = 2n.41
DOE TV HLIZb DT, Ny x Ny x (N, +2) koo ZExHHEITHITH 5. BRI Hr 13k o
rolckans.

[ H(Z(]; K',//) Bz 0
BT H(Zl; IQ//) BZ
Hr = ' . . (4)
Bl H(ZNZ; K,//) BZ
L 0 Bl H(zn.+158) |
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Ho7nm oy 747085 %E G, ; LF£T &, ) NFTROL I IZKRSND.
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U(z1) B BiGioV(z-1) + B.Gin.+1P(2N.42) )
U(zN,+1) BiGn. 410V (2-1) 4+ B.Gn.t1inN.+1P(2N.42)

BRI OFEICIE, T To7 ) — U BBOBERNZLERDIT Tlde, 0FHE (N, +1) &H
DTy I8 [Gig & Ginesr (i =0,1,--- N, + 1) BHIEFDTHD. LiL, HEEEAfE
ERWTZ ) =V BBEFRT 212F, O(NZ, x N,) OFHEENSBETHL72H, OBMiEEK
BUEH R T D I X EE AL 5.

—77, Kong[9] IZ X > THEINIZHER OBMIETIE, &AHHE &7 (2,) I &I T OB R
REES Z LI L > THELR A RD 5.

W (20) BI®W(z1) — X7 (20) @7 (20)
~ ~ ‘I’(Z]) 0
[E —Hr - H} _ = (6)
(2N, +1) 0

(6) 3%, FOMALOBEREMEE (3) RICRAT S 2 LICk->THALNS.

Ny
O (z) + Y ri® (z1) (k< 0)
\I’(Zk) = Nuy i=1 . (7)

> 0 (z) (k> N.+1)
=1

TIT, r IRE, f EEBRE, O (2) IRBEBIT KT D LRI R B — LT
Ty AR, I (2) WEBURITRE T D — R b7 v AR,

nfl

I
—
N

: 0 0
0 e e 0 E}},(ZNZH)_

Tho. £z, I FEMNEMO A T LF—, YL ITAMEBROH =L —THo. Zh
5i%, MOEHIZEZBND.

Si(0) = Bl (2 1)[Q" (20)] 7 (9)

Shlen+) = B.Q"(2n,4+2)[Q" (v, 1)) (10)
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22T, QM a)(A=refETld tra) 1, {24 (2k)} 1 D72 D N,y mDITHI, T7205 QA(2) =
(@7 (21), -, P, (21)] T D HEREMO LT v v AW, R FIOEI T L R
DTy Xy NENDRERIND., =T 7 Xyt Mg, FEEEIEAIITHR 5 BB
TIHAEIZ 013K DT, A &P & LTI, ARE#EITEoszs ziud kv, AR
MOEFNAITT 256 G FERICE X L.

H O RAF =L N,y RITDITHITHLHDT, (6) REMSHE, Y (20) X U(20) & Yh(2n,+1) ¥
U(zn,41) DRtAA A MR bEL, FAOA—F—TRKTO(Ny x N7,) Thd. ZIZ7T, Ny
FAH B O TH . [E— Hp — HIZTA X v MFFITIERWVDR, Ny 28 N, (ZHARTH432/0
SVOT, AV TFALO OBMIEICHARTHEARX FEHRT LI ENTED. —FH, Ny BK
<DL, —ANCIETL T Y MTANCKT 2 B ABEIEDIRR B 20D T, ZOHET
FV P ® OBM JEIZ R CTEHEAERREZ 00 5. Zd z, ZOHEE N, 28NS 51M0%E
FOLWEMEELHERA—/N—F LD x, y FIHOESIPROBEIIIAFTH 2.

Forlx, V=V U LEMOBGEIZR- T (6) & mEICM FEEZHRE L. YU v LEMHK
1%, FESEMIC I ITS 2 N ER TRHEAE TE, EMNICE LWRE 5 2 5728 [10-16], K
HET NV ER WY I 2 b—rvaidfibinsg. U=V U AEMHOH DT RVF 178X 2, 12
IR ArC, AMERSAMEBEREC (X] () = Yh(z) =X7) THH. Lo T, sy
SEEL (Np = 1) OBEITEIT 5 H A=A —TH 5" O oy T LD 7V v R (y)4,70) (B
DERIT,

ZZW Z exp [Z(G//,, + I‘-',//) . (’I"//’g — 1"//751)} . (%Xp(ikz7,,hz), (11)

2 2
Thb. 22T, Gy, = (G, G )1, vy & vy S LT amy HROWENY v (-%, L—“Vy),

L, ”
by E7 0 9 RIED 2 A THD. ko 12, ROLIITROEND.

S i (el <1)
key = (12)
W TRy b (] > 1)
ZZT,
h? h?
xv = h’E— h_§(1 —cos(Gy, + Kg)hy) — h—g(l —cos(Gy, + ky)hy) — 1. (13)

Th5. (12) ROWEBIEL O cos™H(2) 1Tk, BIEEKICT/2 5 K 912, cosh 1(2) 1% —ik,, DVIE
BT n Lok 5. (11) & (13) ROEHIX, SE K (6] 2Bl hizu.
FTFI ST LRy MV W (zy) OFEY 5 0y . 2,) 13, 2 ROCOEHRZERT CRET 5 & R
g/

bW 5. 7= ARSI AT XX —1THI S, ORI,

.
v,

1 .
N, ,,Z TZ: exp [—i(G//,U +Ky) - 77/74 exp {i(G//_’u/ +Ky) - 1]/74 Spw-  (14)
A/
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EREIND, FEHBEOELRMEZFMINIE, TRRo L5l S iz A B r X —1T5103%
5N5.

1
dpv exp(ik; yhs). (15)

E;’;,V/ — %

IR ML W (2) 1, Ny 8O 7 — U =25 S 72 BHRIER W(2)

1

() = N > exp {*Z(G//:V + k) 77/4 V(.05 2k)- (16)

/N

TERIND. 7V v REEHRERY broBui—# L, 7—V 2Bl InH A= RLX—175)
ST OIRAEIRLO THHDT, N & U(z) ORICET BFHEDOA—F—1F, O(Nip X Nuy)
2725, W(z) D7 —V I E 57 x U(z,) O 7 — Y TABITHERFE 2 A MY, @7 —
U = E VG A, O(Ni X Nyylog Npy) ETROTZENTESD. LERST, KbiH
IR RBD o TWIZE G OFFEED O(Ny, x N2) 735 O(Nyy, x Ny log Ny ) \CHIEC & 72

zy

3 NIF+—IARATRAE

BA%E LI B OBM D/ T o —~ U A %R T D728, F 8 U U LR8O % ik
MEHRE AT 70 (K1), FAHITEEY = ) U LAEMICHET S, JRF8EEERT 2R 0%
Nutom % 3ES 8MHE T LS. FHTMHREdIX, V3ag/2L Lz, 22T, agidF b DA
FER O ER (=8.11 bohr) TH 5. F O£ V=V v NEMEEOEHEE, [110] JF1
FHEET ML T V2a0/4 & L. V= U U LNEBOT 4 7 F—FA VI, ry = 3.99 bohr &
U7e. ZZHAFHBEIFE AR X RATE BTl [19]) 2 vy, R84 & & OM AAER X Troullier-Martins
BOEERT L 20, 21] TIERIL7Z. Kohn-Sham FEEXDOEZNRT o ¥ L E2 R HT2DIZ,
WD 2 FENS S E PR G2 Lz A — =L (1 BHRICHIET %) 2 vz, 2—
Nt DOY A XL, 2, y FIAIZ Ly, = 25.66 bohr, z FIAIZ L, = (Nagom — 1)-d+42.12 bohr
LU 3,y BT Y v FEIE Ny, =36, 2 5027 U v FEIE N, = 60+ 10 X (Natom — 1)
L. ZOR, 7xIHRLZBIT 2 AFHEORIT 13 THD. 72, ¥ X V(2w +1)) ZFHHET
DERCEZEMTIT O T AT Y AL LEEZEMTITO 703 Y ALDFHR I A Stk %ﬁ#
1%, 0.0024 THDH. BEXa, A TAEaOMBIZBITAHa X7 X A% Landallef—Biifgiker
formula[22] DA THRIE L7z, 7 A FEHEIE, (a) AU U vd OBM L, (b)tBER OBM L, (c)
(b) DA WEZEM TIT 72 b DD 31 Y 24T\, FHREIZI 3.25 GHz Intel® Xeon®) processor
ZPE L TR R A TV Tz,

212, RSS2SR T 23R 2. IS0 (o) DHE OFHEE /A
L, BB INTTEOHERMER NS

4 A1) LRFEHOEFHEEFE

2003 FEIZ Smit & [23] DFEBRIZ LT, @LSMNIEREA VP T LRFHTh a7 2 A
DRERRAF RN K> TEREFIREN T2 Z LA 7z, #iTdela Vega & [24] 28, Z A A
T AV TEERCTZOBRREFITL, BeA VT LDay Xy 2 AORBEA, Smit
LOMFELVBEWVEAMTIREN T2 2 L 2WE Lz, ZoORAMESORIEL, AR OHRE
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1 T T T | 1
o 4000075 e, -
(] L |- A~ (c) IOBM with FFT
(7]
5 30000 |
£ e
|_ pu— ’¢’o____o’” i
= 20000F 5o
o L

..... A

O 10000F L aan TS

4 """"" 1 1 1 I |

3 4 5 6 7 8

Natom

20 5 b U U LHFF-BHORERIF T H Natom (I 255K, (a) AV 2F 10 OBM %, (b)
B OBM %, (c) (b) 12k L CIBZER TORTICER LB 0. BEICH 6 XV 5.

KU HREV., BEMICE UL, EBRBINICHEWTIREORZ WEBO TN KRR & B 2 b
508, delaVega 5N RA L=k H a7 7 ZA0EENE, ZhE TERICER ST
7euN. 2009 FCF 2 N A Y PF o OBMEZHWTHESR A8 L TNz Z A, b
DO EJEAOWREN IR OMEZLIZIEF ICHUK Ch D Z 2R L. —F, BaiREho X )
TR R OREN IS E LI R I N, EERMTHOI TV D X 9 28R T Tl B AT iRE
OHBBREND Z EEWME L [14]. 4V VU AFTHEIZOWNTE, EERIOIN TN,
D Z I END. AU DT NHMIE TN L S AFHEOE D Z Vo T, SR OBM i
DTFAREFNALE LTHEERT XV r—arThd, ZOLIRBEHRHT, ZZTEAIPY
LR OEEREE Rz 2, RO, SR HEHOBEREIC OV T H AT,

JRF O FRIERE d1E, ap/V2 & L. 22T, ap lREOSE RO FERT, AV
LDEE ap = 7.25 bohr, &DFAIL 7.71 bohr TH 5. 7'V w NigIX d/16 & L, JF 18421k
TR TE Natom & 3006 8 E TR LS H 2. BEAHmOR 706V = U v AREE TOHEREX
20 /V6 & Lim. D=V NEMOT 4 VT —FA YRR v 1F, BT BEERERT D e E L F LI
T5720, 4 VT LADYEE 1.36 bohr, &d4 1.35 bohr & L7z, BELEO KE X%, 2,y
HEneA U2 A4 L, = Ly = 15.07 bohr, &D¥41% L, = L, = 15.38 bohr & L7=.
F72, 2 HAIZHOWTIE, Ly = (Natom +4)-d & L7, 770 v REUL, =, y FHENZA Y 7LD
BAIE Ny = 46, &OBEIE Nyyy =48 L L, 2 FINTIE N, = 16 X (Natom +4) & L7z, A
FHE O Nip, 1Z, EH00850 37T Thoto., WEZEMTHES 2T 52 LI X 23HEZEDRD
b Moy 08 ) i3 ) 2 AOBATS 0.0016, GOBEED 0.0015 Th Y, HAZERT DR
SISEHAROR LT KE CHIRL TV D 2 EMH 5. FFEICIE, HUERFEY A S—H 1 =0 %
Ty s =0 SX9 2 AV, ZOMOFEMESLOFIAL, 7Y T AOBGLFAKTHS.

32, RyEcxtd a2 2 A0 ERT. @RTEHOGEIXa X7 2 0 AR
FRBZTRLTWND DD, A4V VU AFRFHEOGAIIBFIREHSBIE IR, S HIZFEHIC
fEMT T D728, KBZBmT ¥ RADRFEICKT 52652 R LITRT. ZORITBNT, £F ¥ =2
NOETEE, JRTEHEERT DR ORFIuE O F & EICkS T 5. ZoFRLD, upper
5-d,2 F v RVITHFIREZ R L TWDH 0D, i dF ¥ o FVEEEE CIRIEO K & WRE %
LTWDZERN0nD. LEIOFH~ O ALF-8ICBT 28152 [14] L v, upper s-d.2 F ¥ R/
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Noow bk
o o ©o

-
o
o

(units of Gg)

Conductance

o
©
%))
T
1

3 4 5 6 7 8
Number of atom N,

5 3: (a) 1 VU LFETHE (b) TR TEL Nopom ([CXIT 5 20 527 5 0 2 D%,
BEH 6 L 0 .

KL AV VU ALARFEHOT v RVFERE. B 6 LV Sk

n upper s-d2 lower s-d_2 Aaz(y2) A2 _y2 ()
3 0.854 0.016 0.763 0.016
4 0.973 0.011 0.935 0.497
5 0.727 0.018 0.510 0.019
6 1.000 0.020 0.656 0.010
7 0.838 0.056 0.979 0.048
8 0.975 0.116 0.569 0.206

JFRAHEE DI LTI & A EIIKAFC, tho d F v 2VidiiEZ bioxt U CTRURICE LT 5
TN TS, ZAHLORFELY, Smit b 23] OEBRTEEINTWD A Y U0 AJFF8
DBy B AOBEIRENL, upper s-d2 F¥ FNVDHLOTHD Z ENfEmIT HND.

IR
RBFFENL, BRI A /St of T A o 2 — L DR 21 AEHESEIRIRFFERME T4 — 5B S
S RHUIE TIREE - BT @SAHER T 1 7 T LOMRE) 2D S HTHLNERETHS.
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— Recording simulation of heat assisted magnetic recording —

KB &K AL Simon Greaves 2, FFfE #5HH 2
UTDK #REEt BT 2 0 T8
AR BERBEWVIERT

ARETIEL, B\ v A MNERFREICBT 5t BRI >\ T, BALREY A RX—H A = R
T —=DSX-9EHNCENT-Y I 2L —y g VEEROHEATIT .

1. [FLHIC
N— RF ¢ A7 4R (HDD) 1%, BHRILHSICB I ABRITBOR LT THY . FDOFEER
BT EBBEEDAEICEL TV, SEBEREDE FEIC, BEMSEHOERLELED &

ﬁé&%ﬁ%ﬁ;éﬁﬁﬁ%gmmkﬂmwfwé.ﬁ@@ﬁﬁafi~mo%ﬁa/hﬁmw
BRETHIN, ZhETTE Y Minch® fRIZE CKRIBIZE O D304 - BE~ Y NOBRFENHEL KR
WHENTWA., LL, 1EY M2EIBTADDOT 4 A7 EoOfEE (LLTFTE Y M4 X) 133
F+nmlTFOmD TR A4 XTHhY ., EBRAT A ZAORIELES Cliel. FExitEHK
Rl =g VLKA EREA~OERNEE > TS, AKFFETIE. R~y REERICHT 5
WRT 4 A7 BARORUL A ¥ DR RS 2 LLC FRRUIT L W =7 b L, 7 2 2 MR
WZB D EER LB O 21T o 7=, BHEIITEIL R EEXEEN AT HHEMFFEE T3 X
Ny Iab—rgr7ul I RN

2. B7IX MRS

HDD DB EZHEIMNT 57201213y YA X2 BDO SEL20LERH O . BARRCIT 12nm LA
T. B EIHT-0 OEKEES (Flux Changes per inch = FCI) 2000kFCT LL RIZFE4S4 5 &
v A ZAOEBRNESEOFTEBEEIMIA L TRARER>TWD, —JFF, By Mo X&/N
LT HLWREFRBEE OB CTHH 1 By hOEENED L. & BEMENEE DS, Zh
ZEIEET D720, ﬂmﬁﬁﬁm@mﬁﬁﬁ@mw%ﬁML PEARARRSE T (He) 2 ¥ &+ 5 V3
R HN, FLERF T ORLICHE S SRR OB/ L0 | RN L 70 5. BARKE TS
%@oo\%ﬁ@ﬁ%%MéﬁfKﬁ%Kﬁﬁ?éﬁ%@1o&Lf\%7/2 RELERDIEFT X
NTWAIL2], Zhid, B LIV E Y O He 2B X0 ED &8, (RO EREBIR TLEI
SEREAT O — 7. REEBOKBIENEE CTHRKEFENEIEE K L, BEINT-BYLIER OB EME
RO LENTEXARBMHFIETHY . 5% 0 HDD OERSBERERICHELEREME LTEZX SN T
W5 (K1),

(1 BT YA NRRREOA A — VR, ARy FERARERARY B~y PR
B~y FPLBRENEG. BT VA NRKRECIL, MBLEMAT S 2 & CRBET .
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3. HEF&

AE T, BT VA NREOMEE S L BEHR T H-OICHWEHEFRECON TGRS, 3.1
TIIRR SR OBAL OB HZEF ROV TEA L. 3.2 TR TRAT LK iR E
NHEBD T OOBGEFEIUIC OV THIAT S, REIZ 3. 3ICBWT, TS0 AR E
DM AN AT DWW TS 5.

3.1 =499 FRTF49RX
e ECER AR 2 A 1T B BEME R F O RMEZEENC W T, BRI E t 1B+ ARML 0B 1%
2 (Landau-Lifshitz—Gilbert HRER)ICE AW, v~ A 7 2~ X T 4 7 AETFILOFELIT

9 ().
dﬂ:_y M [jf— @ d7M =1
dt y-M, dt

M RS T ORHME< 2~ L (s IXBFIRHL) . v 150 % A oSk, H IZERER~< 2 b

IV alZBbR T NV ORISR R OFET AR T 5720 OERTOBEEGH TH Y . Gilbert d
Hoe U TEREMIIN A, BRI 2 1R T Voronoi ZEIETHEE L. £& Voronoi $i—F
ICHOWTRL 1 23 ET 5.

Down track (nm)
i
S
=]

50 e 70 8 9 100 110 120 130 140 150
Cross track (nm)

[X]. 2 Voronoi Z6MIARIT X 2 Bet:fsck + DRI,

3.2 BMmWARHT

BT VA MR ELERIC BT, BRI 2 B L He A D ST IRBEIC o~ v REER A E]
MUTCEEAEITH. Z OO FOREIC L DEE ERAZHETIVNERDH Y | AWFZET
WIEBVEE TR A AT, BVRIC KA E s S 2 —a v L. BVEY iBBE &
B OBHERRI 12O\ T, 1 3 B OBMERR T OIRE ORI E t I W ToOHFRBRXAZFHE L
(X 2).

dr._ k Alr,-T)

= . 2)
d CV L

i % B ORI FICOW T, TOAXRE., k IFBVRER, C Xt VIIEECTHH. A L LIL, i
EZHE JERBORT L OFEMEEL POMERETHS.
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3.3 &R
BAROMBNCANDF ) A— A —F—OFJR L LT, S E2EE L5 2T 7.

IHEENIC L 5> T, BEDONLT 4 A7 RFRTIIRATREREIFBFR UL T OBUN AR v Rk 93E
SNDT2, ERERENHIFE T 53], ITEE I X 2B 3L X — L, BERIC X 5 ERS
WIIZ L VAL A CIER. 3L AT R X —RINE Q %, BEAAEY - 0BYEL LT
RE L.

1 ,

0= Egogl,a)E . 3)

e TIBEZEDFHEER, ¢« ITERFTERTHY ., BITRERIUEE A n L k T 5L 2nk IZFE L,
o ITERSOIRE S, B2 IXTERBETH 5.

4 B7OXMEEIZaAL—PIY
4.1 REREEETL

WREEEARET LE LT, K.3IRT 4B AHER (U7 25/ T i/ i@/ R
E) ZREtL7-. BREHEEICOW T, 10nm & 20nm DA IZ OV CEREIRED #2417 -
7o WEMERIF O RE S ITEHMEComm & L7z, BREEBOMKEMEITE. 1 IORIEZRE LT
WA, IBRETIZEIT S Ku & Ms 1, #EEEICBITAKu & Ms ZHELT, R4 X 510X 0k
Wi, ZZ Tl x=1, n=5 ZH T35 (X.4).

_ cosh(y) - cosh(x (7'/7.))

K (T K (0 G
A cosh(y)—cosh(y(T/T.)) 0@
Ku(T)Y
M (T)=M (0| KuD) (3t 5)
Ku(0)
Recording layer
(10, 20nm)
Inter layer
(15nm) Ms Ku Hk Tc D
Under layer (emulcc) | (erglcc) (kOe) (K) (nm)
(200nm) 1000 |2.40E+07 48 660 5
Glass subst

Ku (erg/cc)

. 3 BRI AT T L

3.6E+07

3.0E+07 L
2.6E+07 [
2.0E+07 |
1.5E+07 |
1.0E+07 [
5.0E+06 [

0.0E+00

F. 1 BRI OB

Temp. (K)

300 350 400 450 500 550 600 650 700

X.4 Ku & Ms OIEFEREM

1200

1 1000

1 800

1 600

1 400

1 200

0

Ms (emul/cc)
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4.2 BEEETNL
BHBEIX . 2ICTTHEHERTA—F 2 REL CHELZITo72. £33 1 X 20 EE I
L ARBEBOFEICIT. BRI O FWHM 555 20nm X 20nm F8IE; & 72 % &R E S 2 RE LT~
(K.5) . (ZZTIEH T AERA~OERE T EE L2\.)

HR | BEEE | —on ]
Layer (J/cc K) | (W/ecm K) RATE n | BARE K

Recording 3.8 0.12 3.11 3.72
Inter layer 3.1 0.01 1.68 0.00
Under layer 3.1 0.90 2.91 3.09

Glass 1.6 0.00 1.50 0.00

*. 2 BIKFBRIEEOBGE T A —4
100
80

60

nm

40

20

0

0 20 40 60 80 100
nm

.5 B FREAh

4.3 BRAY FICE2BRABELSH

MIROBSREE T 0 7 F A JMAG[4] ZFH\WT, fEfk~ > R, B R X OSEsaERE S
{R7E L7z, Stoner-Wohlfarth €T WVICBITAHA XU ~T v 7 FRIODEZ~ >y R0 2 RD -
(K. 6). BEMRSHIZEBIT HRAAEZRESIT 13500(0e) THDH. BYHE LC, Biffidin 5 35nm OfLE
W2, K5 OBRBENSFOE—I(VELEE L7-. BARITEVRIC L 2 INEAZ 7%, BARRE
AT 5 Hm (K. 6 OJFSIZIES< M) ICBEN L, #REE 24m/sec Z{RE L7z,

16000
14000
12000
10000
8000
6000
4000

Effective Head Field (Oe)

2000
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Down Track (nm)

K.6 U2 hT v 7 FROBE~y NI
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4.4 LB R LBEYDHADRE

K. 7-1 LK. 7-2 10, WAREFRBIFE 10nm & 20nm DBHITHONWT, X hT v 7 FEOEFER
~v RBES A, BESHEB X WHe 0z R7. &E2EEEIL 800K & L7~ BULES S IE~
v REBESR AR & He 7oA & O A 700 | BERFREBIEE 10nm & 20nm OF4 . KHFO 472 &
462nm DT BIZX T 4. BEREEEEZ 20mm 12 LB AICIRESTHN L 7 v T v 7 HRaZIA
N FALBRE SN L TWD, ZHIEEZ 2 212 LB R ERIEEE 800K #EH 5720
WIS AR E OYEMMR M L e T ELEZEZ LD,
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—— Effective head field
e ' 900
—— Temperature (10nm)
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3

X. 7-1 BA

pa{ll

Recording layer : 20nm

— Effective head field |- 900
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