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Abstract

Joint meeting of the 6™ Simulation Science Symposium and the NIFS Collaboration Research
“Large Scale Computer Simulation” was held on December 12-13, 2002 at National Institute for
Fusion Science, with the aim of promoting interdisciplinary collaborations in various fields of
computer simulations.  The present meeting attended by more than 40 people consists of the 11
invited and 22 contributed papers, of which topics were extended not only to fusion science but
also to related fields such as astrophysics, earth science, fluid dynamics, molecular dynamics,
computer science etc.



[ZL&IZ

ZOfFE, 14128128 (K) BLEU1 38 (&) I TSR
WBWTRfEWEZLELE, 6B [alb—lar AT R - R A RUZ
BRI ORI AR LRI TRES 2 2 L— 3 a V%R SRS TREINLNEZEERL
T=HOTT, -

TRE TSRS - 32 L—a VIS E L 4 — Tt SEICHhD (3
alb—ary AT A RV L] ERBELT, HE# Ialb—1ardnd T
o —F ARl T U5 LD SR AR T A0S ARIT CEn £ Lo, 59, B
6BIE LB Ry ATY, 77 Xw, KiF, ik, HERE, £aflE, Te, kel
DB OFARTEIEN S T 2 L—1 a LU L DESRO— i TRT72< &R, ()
BT BTUHIRME L FOET Y U BT BRE, Q) 3 a L—i g UFREEOM
B, (3) ¥ a b a URFRICRRIR AT - BTk - REUE LOREL, @) S5IHEEHE
il G- B OER. 2L o0 T, FNENITEMOEER M, MABFOMEE
BN ) R TR R E FE LTS - \ .

¥ RS EET R REIRYE (R 2 2 L—a UBFSE) (R, R AR SRS IR
BENTWARA——arEa—FedE 45 KBV o b—3a ST %
H 2RI G O, AT 1 4 EBEOTTERESEHNRTEY £1,

BMBFOEEHIIL, SROPWFELE, v 2al— a0 ) aEEE M Ui/ BrHE
RIS RV S I RRT DO, —BiE LTV NIRES D Mo LET,
. ZECC LB LY, MIERELLUVEREROBEL V& T LEEERGIZ, 2o
BEEEY LCECLE L BT, S 0F* il ZoEFREBLT, ¥Iab—is
RMEOEN Y LR A K R TR i L 0 T

C YRkl 542 A
B Y SR AT

e I alb~—a itk 44—
PR,



Sz a 7 A
Higk T o =7 ECOREEETR

T
Simple protein models — collapse, folding and glass transitions
Y. Hiwatan and A.Baumketner
HEEFFOFFINES S 2 b—a »  HRPLRF~
HRAHEE A
T/ I 2 b= a VRO L EROTESE~DINH — HFarta—4
*EELT—
= k3L
ERBHEF VL Ial—ar?Sy 74— A
B e 15
ELFEOUlra Simulation
FIRE, EETH MI=Z8E WEF— FEEh
ELTRFRIBREIC X BRSO
TR, AHERE

AENR SEBITBT DAY a— LB ) L S TR O

REMsE, BfitE—, e
TOAF ¥~y e m a—hLF o TERBLE AR CT EiORAE VR

=IRTFTR

| IHEEE, BIRRs BIE—, KEMER MR, RRLE ﬂrfﬁlﬁe

DFEIFEE R TR = oigns Bo)ﬁ%%wl/ﬁ%\@m

ke, B
B NECIEMEDIERIERR L He A A L OBIRETNGE

HBEERT, BAHEA .
TETER I 2 B G DFER SRR & Wt

FERB, KNEES
Complexity in a High Intensity Laser-Plasma Interaction

LjNikolic, SIshiguro, MM Skoric, and T.Sato
KEE7 VTICBT DR 2y ra » Py MOPRFERE

MAR—, LEM—mk
3URTCHAHRIISIT B 77 A Rtk & SdeiR ) o 47 oa v

- PR

BHEZEMEA A AR AR RO 2 2 L —i 3 >
Nonlinear simulation of multi-scaled ITG turbulence in shearless slab geometry

FARFERR

12

14
20
24
28

32

34
40
43
4s
48
52
54

57



BB 31T A TR SRRt
KEE, HONRIE, EET
Btk b= 7 OFFFIMDL L 2 b—ira
IKOERE, ARt
TN« BT NEEEERT D R I o L—a
BEERR, MEEFE], KB¥ RIIESR
M RO T BN ) F I 2 L —a
PRVEE, HERLE
RIS DR THREIROS TR IF S al—a

FRIEuH
BiAFRE LB AT/ 7 FAF—Da TV T
full &

Numerical Simulation of Shielding Current Density in HTS by Element-Free Galerkin Method
Atsushi Kamitani, Soichiro Ikuno, and Hiroaki Nakamura
[terative Solution for Linear System Obtained by Meshless Apprpach
Soichiro Tkuno, Atsushi Kamitan, and Hiroaki Nakamura
Y HAVFRT T Xw DB HERMD A E
fpARERE, AR, SPRHAE], STEEEE, D.A Monticello, A. H. Reiman
m/ n=1/1Bx5% bt 3 RtMH DIERHT
BEHEA, PREER, FALHE PR
LHD > A 2351 HMHDF R
RS
L7 v b —T A AT ADIFEIMDY S 2 L—rg
=g

63

70

72

76

79

83

85

87

91

93

96



ME6E Ial—ial - LT R - VRV L) KB
KR AR FIGRRIERITT TAS 2 2 L—3i a3 VRIS SFsES a7 4.

Ao PR 4ERAIZB R 1330-13 8 (&) 17:30
B BT AR E BRI A PR

2A12H R
13:30-13:35 HUED

#Session A (&5 : P Fli)

13:35-14:00 i HHERS 2 2 L—F 2 7—)
"Mk 3 2 L— & b T o g

14:00-14:45 Eff HEFHER X2 L—F B 7))
"Higk L S 2 L— & L TORERS TN

14:45-15:30 & SR (BRCK) '
R SCE FREE - ERESY - BN RN L U T A S OARER -~ R

#Session B (5% : BEBF SEth)
15:40-16:25 Bl EHERIE)
"HEEN L AR - S THEE R EREOEEO T 2 =g "
16:25-17:10 KB HRFA(AIRK) ' : -
" LS G ORI - Collapse, Folding, Freezing”
17:10-17:55 HHk A (FERRG)
VEURS SO TFRNES S 2 bt DR

12 A 13 H(®)
#Session C (&% © % PEt)
9:00-945 =_k 1F3L(EERTD
“F )R a L 3 ORI LB TR AR~
9:45-10:30 +H EFEN) ,
"BIEEHIET ) S e v al—a T Ty N — A"

10:45-12:15 FRE— -t viar

#Session D (FEE: « =] E58E) ' :
13:30-14:15 o ZRBA(FH ‘

“FG R - AEFEFR A ERE LA R T 2 — R L SRS
14:15-15:00 FJ5 B(#K) '



i F2D Ultra Simulation”
15:00-15:45 #%i% HERMEHH
" ERRREIC L BIRA S

16:00-17:30 $i A7 LERERS

— RAI—Ph—E —

01. X8 ¥55E (Redn
EANEVR EEBICBIT AR a— AL &Y o FEFEEIOMSE
02. M &R (JEEKX
TOAF Y=o TR a— bV ) 7 EFIH Lo AECT BEiHEOR AR VR
=R
03. &k A (FUNTIR)
SFEER Ve, BTSSR b DRFTT /BRI T
04. H8E ERTF HR
B EEMEDIHIZFERE & 3He /r:r/a)@)‘iﬁ’mmi
05. FiE B (BX)
@@ﬁ%ﬁ%ﬂ@@*ﬁﬂ”ﬂ’hﬁ%k%ﬁ TR
06. Nikolic, L. V. (#85X)
Complcxity ina High Intensity Laser-Plasma Interaction
07 B8 #— (LK
N I/T#Joh‘é%) 2%"«7 g xy bmﬁﬁﬁ@?ﬁ&"
08. 3B Fiffs (RSN
SIRFBRHTATT 27T X EEvE & BleRR ) o %o va
09. R BE (REHD
FAHESNEA A R ABRE RO S 2 L—2 3
10. &=A gL (k) :
Nonlinear simulation of multi-scaled I'TG turbulence in shearless slab- georneuy
Ke B BE@eoh
BEARRECALI ISV D FAREE T L R EME
12. K0 B (ann
Hh b~ OIFVEMHD 22 l—3
13 BEE ZR (Bamanh
Ty = AEEE— MRS 02 a—g
. T BEE (RS
NEE oy FIEORORRI FEN 1k S a b —a v
HER . Gresh THER)
TEERPIC R DR TSRO FINF S S 2 L—a

11.

-

L



20.

21.

22.

Ul B (R
EffagEm Lo a2 7R E—0n 7oy i

R (LR

Element-Free Galerkin £ L 5 HTS (RPOBEREHREE I 2 L— 3 -

. AR R GERITROD

Meshless approach L D 15 54583 — kRO R EAEE

. R B (RR)

~UHNFETT X= 0 3 RILA MR MHD FiEtH
B BEARN (BEmtann
' m/n=1/ 1 R 5% 4 -2 3Rt MHD &7
dim Be EEmadn
LHD 7% X221} 5 MHD FERAesT
=i 9 (e
LHD Z/V b—7 AR T LOIEFHMHD 33 2 L—ira



IR S 2 L—3 L COREERTFH

SiERT R IAL—9tE—)

1. BLDIZ

IR 2 2 L—F LT 200 7 HEUS
BRAFHRBTEILICED. ESEFENITH
LW TE R BEREESEMORSY 21772
T EMNTEEEL D, K, ¥ MRKOMBEERD,
SEEHOBERICER ICEERERFIERICLTWS
Tk, CRETOEL OMRENLEED SR,
ZOHEEREBEE S ZENFRTHIKK - 1E
- KRS ET /MY, RIEEEOBIERTEADIZ®,
N TCIIRIEEB TR TH S.

M, WERY I b—F By —TTik, REXRE
BE7 /1 (Atmospheric Generatl Circulation Mode! for
the Earth Simulator, AFES), #EARBREF /L

(Oceanic General Circulaton Model for the Earth
Simulator: OFES) &, K& - #¥ - WKESET
/L (Coupled Atmosphere-Ocean-Sea ice Model for
the Earth Simulator. CFES) %Bi% L Tu\ 5. #HE
|

PHERTHTNThOI R0 ML, BUCH
BRI a2 L— Z OFEMEREE BRI AT L DT
RSB L THY, M2 T, CFES T,
TEROFEEFEL Y b & LITIEFIE S 3GV
ENTHD, A TIL, Z46 AFES, OIFES, CFES
DEEFAOEL I a2 b—g VER, AT,
SEHTFELTHAEEET ML A RELTETHIO
72D 2 a b—i 3 ATV T A 5,

2. BFVOBE L BRIHER
21 KEAXMBET/NVAFES
AFES 13, HRARYEFE AT LFET o 7—EE

MR TR SN KR KBRET VA ~—
ALD, HIERS T2 b—F BICHESERE s hic
a— K Tdha. AFES 13, S TmOEIhFERIC
BOTIMEETR G Lk hFFEHEERELTY
ST A7 HBRARERA LTS, B Y {E
LIl dicd, /A XARHBALREDRRE L 125
B OAZBRELEARIISEHAIENTED, &
HIZ, BEBRE, FENTRROA A V-1
3 v, MEELMESEREEA TS, BHFEES
OFENR Y SRR E SR A5 10km OKIFER Y
=DV I ab—ia R I 2 L—% ETIT
vy, AV RT—NORBELBERTE DA R
L= (E 1), {EARHRE & AR D A 7 — %
BAMEIC YW THE T &, EOFEHEL LA
Aoy BERAAZ — o BBEILEVED D 2 DD
M5(E 2),
2.2, W - WK FEBEF NV-OIFES
- HEk A &E7 /v (OIFES) 2B+ 5 =
A M, 3 SotlERBRETT V& 2 ot
KEFNTH B, HEKTER 2 o+ —F 2 ~ OFES
i&, GFDL (Geophysical Fluid Dynamics Laboratory,
NOAA, USA) THIR I/ MOM3 &~—2A|(Z,
HOER > X = L— F ISR & Bl b U7
FA T D, AFES LRk, BHETHEEL,
BREMLHEMIEZ T, SHERSH L EHR
FHATGAFZVE—Trg &V, 3 RITOFLESy
A, WESAR, B hEROAIENTES, 7
T RIHERT v T T AT LAOBRE &
HILT, 2 OFES (T #hi- 88k & LT
WHOUWKET A LEAL TS,

1. A 10km B Fic L5 AFES O S 2

Loy a R BEDARREARE T,

_4_



TI9132 mea prep &TM/MJ [ = [m]

AR Y S SN ,
,::,, . _.s:,a
EJ.S g g&.s
(a) 7R 140km DFUREE DMk A (b)) AT 40km OFRRIEOBASH
(2. AF0RAFFEOMKIAN
OIFES Dz v R—3 2 FThHMFERIERTT BT —# (WOAQ8) % Hx TH#EHL/-, K 3

Sk, BT 50 RS LR E T, R & 3, 75N-758 RIS HACTAREIL 0.1 FE(10km),
TEAERRREL SR L. FERA S LCliRmiRE BATEL 54 BCRELETAOD, 50 FHESD 45
(SST). MERmRNRIL. BULIOA FEIR 10 A 15 H(EF Ao 2+ 7o

py

3. 454E10 A 15 B EF AR SiERmEE

_S_



a v FTHDH, WIERTEROBEIT FX—O8E
IZBWT, FERICEE L SNAE G &A8
bmad, E-, BEL LT, EEEENIRETHS
BEOBERES, HLT A R =AW T LIRS
I<EHEINTWA I EMNb)D, K 4 ITRLT
ZHE (WOA9810 B SST d A FH#E) & ek
LThEE,
#Ek o R —F o MEMXTZHETS, KOs
i3, BANE L HES L THL RN MR LND T &
EHERAL TWAH(H 5),
23 KX - #E - WSS T VCFES

K& M HPkiE ST /v (CFES) #1845
aB—F MI. ERRTRLE 3 REKEKE
BRET/VAFES, 3 RotEHENBIRET VL 2 ot
WKET D 6725 OIFES Téhd,CFES I3, AFES

TEE EINT-WHEE (; heat flux, fresh water flux,
momentum flux) %, v 7T LTS EHL—
Fo %@L T OFES [ZZiEd, T b DpiHE
BEERZMEL LT, OFES LCoEdi, 4
I/ A%RFETS (K6),

FaliR—Fr FEFAT, HERY S 2 b—#
FCSRARHBENTELR LI TR T AR R
BlELTHDOT, FlEboERIT, Thth,
AFES 1T 99.99%. OFES I 99.89%MiFFH =% 2=
LTWA, INOLOESERFHENRELERD
T, BariR—Fx M EEALTCEES &
BEL T3,

¥7-, TEEOFEESTT I, FHERERIC L DE
RS, KR, BEABRET VO R—R
hEZr = M THTWER, ZOFBEF
ETH, \EARRTET VAV ONAERED
B R 7Y v MOEEL, YERRHAEER %2
vieRTw bREA T EETERY. — . AR
PHEIIBWTH, (ERDIZLALEDESET MZ
BWC, WHEORZEE L —F v M, D
v InTat o HEFIcET ST TEY .,

— & DEZEEOERIC X B IFFIFEDEDOHE
H, FEFIZKERRRIZR D,

PLE 2 SOREZERRET S-0IZ, AEEET/V
CFES =B\ Tit, K&, ﬁﬁ%ﬂ%ﬂ@:yﬁH
X hEFAD, FERBICETRARETHH LI
%%LMH?L:®Q&LiU‘k§&ﬁ&%?
NEWZHBITHEM AT Y v NOZERZERHETE,
YERIZ, LnEerT7ar 2Ty M EERE
FERLE, HEEOTHEIE, TXTEFEIC
WET AL TR, T—F 52550
BT, EREREHC L HHEDEOR EHFER
Uiz, FBECE, &avdi—=x> b

&
g
£
]

Hs5 ¥WKEPEALREVI2L—Y a3 EE KOEX
(m) SfE=T.

KE- - BkEaTTIL

v

4 KRA@EEETIL (AFES)
I i 1Tl

i [(zmee][ ®ERrE ]|

[panzes] X i 1

BFMIOSH. sl BREFES
>

wA

<

; I BELC =
K (SIFES) l

:ﬁxxﬁﬂ%—m (OFES)

Py S p———

Ceupler

(b)CFES DT
7. BEAETNOESTE



FpEmsrn 7 ot 2 L LRI T 50T,
o b D EOFBEET ) v FEUE]

EE Do Lok, BEETETAKROFREERER W

LERBIENTED,

CFES (. BREICHMERS S = L—4 EIZEELET L
THY . BE. WEORE L HEDEOmEN O
A EH TS, CFES ZRWCHB LI-HREE 8
Wort, AKRIERD 100km OFHEIEORERTH A, 7
BEFAOEEERE LTI, HRYIORATHS,

X 8 13, HHENSITRAET T v 7 ADGFHERL
TWb, KEOREL KM LTz, ZivE TOHEE
THEHFEHETERNSTBERT-Z Y ERENTH
B, E10, 9 (3, HERBHOEBRICSERE
BB 2 AW EORD cod ThHDH, ZORDEL,

THETIRIRRCE R o3l EEE T~ LT
WA, IHOLOBEES, EROBETETIEE
BLTC, FHUFEOEZTLOLODRDN, YRR
LRSI RIBED T3, ‘

3. %R

SHOWMERR L UTiL, BEFGRE CHENL
BHER T —VOKBEESTRIOREEEZ RS, %
7, TAao—malkl L AREE. FoBBEED
BECED L S BB RIT . £, IR
SBITLY, Tm— s HOREESHREDL S 4
WA T MR YR ARRAOREE L LT
LTHEL T FETHD, £, RBEEF S
EHEEE LT, #1000 E0oEHEOTKERRC
DT ORE, BB ES{ L ORELHEED
FRIAICINT F- R LIT D FETH D, BREEBC
SWTHL, TAA2T, Wi, R L ofk
HESHTIZ L 0 T REEEIC oW TORRS S A
BELNTECWA, TNHOMRA L §EE Lo
FEAEWH TN ZEERFL TV,

Bi#glc, RS 2 2 v—F o 4—Ti, ZhE
TR L-a—F, BLUYVIzb—a @R
ARLTHL FETH D, JHBROHLFIT, BIE
b TBM T EEVIRETHS.

CFES T106xT106 Heat Flux [W/m™} (Feb)

9. #LAD cul D4R

-_ 7 -



Simple protein models - collaps, folding and glass transitions

Y. Hiwatari and *A. Baumketner

Faculty of Scicnce, Kanazawa University, Kakuma, Kanazawa, 920-1192, Japan

This paper is concerned with an investigation of the protein folding problem by molecular
dynamics simulations performed with minimal protein modcls. We demonstrate the usage of our
models and computational methods by investigating thermodynamics and kinetics of a short (3-
sheet and o -helix protein motifs. From thermodynamical points of view we determine three basic
phase transition temperatures that may take place in the 3 -sheet protein model: collapse, folding
and freezing temperatures. It can be shown that kinetics the folding reaction of the employed
model is well described by a proposed analytical diffusion-equation formula.

The 3-sheet protein model consists of a string of 16 beads placed at the positions of C,
and interlinked by virtual bonds of a fixed length. The heads, or monomers, are intended to
mimic entire amino acid residues in actual proteins. In the model, the monomers can be either
hydrophobic or neutral, depending on whether they attract each other or repel. There is a total
of 12 hydrophobic residues and 4 neutral residues in the model. The potential energy function
operating among the monomers comprises a number of interactions such as bending, torsion and
"Lennard-Jones potentials. It is optimized in a way to make a J-sheet motif the ground state
conformation of the model. Molecular dynamics simulations in the multicancnical ensemble were
applied to generate potential energy histograms as well as joint potential energy and structural
overlap function histograms for the model. This represents an order parameter to distinguish
between native and unfolded states. Along with E(T) (potential energy) and y(T) the fluctuations
of these quantities, i.e., the specific heat C, = (< E2 > — < E >?)/ET? and susceptibility
Ay =< x? > — < x >?, where angular brackets denote statistical averaging, are best suited for
identification of transition temperatures. It is shown that the maximum of the specific heat T,
indicates a collapse transition. The maximum of the susceptibility Ay indicates another phase
transition, Ty . It follows that the temperature Ty marks the point where a transition from a
subset of disordered states with low similarity to the native state into a subset of conformations
with high native-state similarity occurs. In other words, temperature Ty can be associated with
the temperature of folding. The relevance of-the transition temperatures calculated lies in their
fundamental thermodynamic characteristics measurable in laboratory experiments. Once some
meaningful values are adopted for the potential energy parammeters, computer simulations can be
used to estimate these important characteristics on the basis of minimal protein models.

Another essential thermodynamic characteristics of proteins that can be evaluated from minimal
- models is the temperature of glass transition. Dramatic qualitative changes may occur in proteins
upon undergoing a glass transition, for instance loss of their biological functions. By definition, the
glass transition corresponds to the temperature where the configurational entropy S.(T) of the
protein vanishes. It follows that in the present model the glass transition occurs at Ty . At higher
temperatures the molecule chooses to visit also other parts of the conformations space instead of
staying in the neighborhood of the native conformation, while at sufficiently lower temperatures
than Ty there remains only one potential energy basin thermally accessible to the model.

‘Permanent address: Institute for Condensed Matter Physics, | Svientsitsky Str., Lviv 79011, Ukraine, E-mail: 7
andrij@icmp.lviv.ua



FOLDING PROBLEM

®  When proteins are placed in a cold solvent whose temperature is lower than some critical

temperature I, that is subjected to folding conditions, they spontaneously acquire
three-dimensional shapes or fold.

® Seminal experiments of Anfinsen [Science 181 (1973) 223] demonstrated that the final folded

conformations do not depend on the details of the process by which the folding conditions are
imposed. This observation gave rise to a conceptual dogma stating that 3D structure of a folded
protein is encoded by the protein’s primary structure alone and corresponds with the free
energy minimum.

® The problem of how a one-dimensional amino acid sequence translates into the
three-dimensional protein structure is called the protein folding problem.

® The Anfinsen dogma opens wide the door for computational predictions of tertiary structures
from primary structures at least conceptually. Given appropriate potentials for all atoms.
comprising the pfotein and surrounding solvent molecules the folded state can be found by
integrating equations of motion numerically. In cases where some chemistry is going on,
quantum mechanical methods can be used.

®  On the practical side the problem turns out to be very complicated even in the classical limit. -

B-SHEET MODEL

Hydrophobic force:
Vi = 431,[(0-",")]2 _(0'/")6]
Ve =46,[(0/7)*] a=Hor N

Torsion angle: _
V(¢) = A(1+cos(¢)) + B(1+cos(3¢))
Bond angle:

Ve)=£k,(0-6,)°/2

Bead model of a B-hairpin protein. Monomer sequence: H;NH;N,H;NH; . Parameters:
e,,=2‘10‘3[a.u], 6=72[au.], A=0, B= 1‘10'3[a.u] for quartets with at least 2 neutral monomers and

A=B= 3'10'3[a.u] for all the rest quartets, ks= 4 10'2[a.ufrad2]. Total number of monomers: 16



COLLAPSE TRANSITION

20 33 T T
E 28} T, :
E 1w 23| .
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T

Most proteins contain amino acid residues with hydrophobic side-chains. Upon placing into a polar
medium such as water the hydrophobic species tend to cluster together. This leads to a dramatic
reduction in the protein size or so-called Aydro-phobic collapse. The collapse fransition can be
identified from potential energy/ specific heat plots as the point where Cv has a maximum.

Potential energy rapidly drops when the temperature is decreased , that is folding conditions are

imposed.
FOLDING TRANSITION
1 1.033 Tt 1 T T
A Folded'r! Unfolded
o8 |
0023 |- J
*= 06 | 1 %
0.013 ¢+ R
04 b
02 i 1 ] L L o-ms i L I 1 - i A
0 02 04 08 0B 1 12 0 02 04 06 08 1 12
T T

In the collapsed state proteins rearrange their residues so as to match the native state conformation.
To monitor this process a quantity designed to distinguish the native state from other conformations

(order parameter) is introduced:

=—2——-—§ i@(s—ht. -r% D, Ax=<x'>-<p>
(N-DIN-F 5% K

AL T<T, jrcazlvn'f'c)rmations with high degree of similarity to the native state have predominant statistical

weight [Baumketner & Hiwatari, submitted to JPSJ].

X




GLASS TRANSITION

8Ky

The point at which the total and vibrational entropies match determine the glass transition

temperature 7y [Baumketner & Hiwatari, to be published]

CONCLUSIONS

In this presentation we made a short excursion into what constitutes the protein folding
problem.

We briefly outlined the main approaches to the problem which could be of interest to the
computational scientist. .

A few examples of lattice and off-lattice minimalist models have been given, including some of
the most popular potential energy functions.

More detailed discussion concerned an off-lattice protein model designed to fold into a b-sheet
conformation. We showed that this simple model possesses all commen characteristics shared
by real proteins. Upon decrease of temperature the model collapses into a globule. Further
cooling leads to a transition into the folded state. At still lower temperatures the protein
undergoes a glass transition.

On the kinetical side, it was shown that for the studied model the complex folding reaction can

be successfully modeled by simple diffusion-equation formalism.
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SEEERYIal—Y - FOYIAEFKAT 72010, Fatebid UDF(User Definable Format)
EnSF-sBAEEEL, TR 70O 7O 75 5 GOURMET % B% L7, UDF (&, #H&H
W ETHRS 7~y ONARBEHIES ERTB Y, TXTOEET— 71 LT, BATL B x
5% B4 TEBo UDF O—BI% 7T, |
f/datafile spring.udf
¥begin{def}

spring_system: {

spring_const i float [kg/s”2]
spring_internal_friction :  float [kg/s|
mass : float [kg] "mass of the weight"}
¥Yend{def}
Ybeginf{data}
spring_system:{0.05, 0.0001, 0,01}
¥end{data}

Z 2T, ¥beginldeft & ¥endidefl OMICB TN A WO HFF -V DERN TH L, ZOFTIL
spring_system & V39 7 — # (23, spring_const,spring_internal_friction, mass & 9 #HEID float &I
DT—sNdY, TNEROBEMN P kegls 2] [ke/sl, kgl THLELZEE L T b, £ L T¥beginldata)
&¥enddataiCEE M- AT — F DB ND,

UDF TEHE»N-F— 5k, §XTH7— % (BEERLUFTH) AR FTERTHN, 70s 54
ok, BHEERBILL-TEDF— V5 HAFTEITESL, UDF 77 A VI BT —F =R
T7ANERBILEDTES,

ROFIL, b LR UDF OFTH 5,



/f data file atom. udf
¥heginf{unit}

[L)=1[nml] , [T]=1[fs], IM]=1.66E-27[kg]
¥end{unit}
¥begin{def}

class vector:{ x:float [unit], y:floatlunit]l, z:float{unit}} [unit]

class Atom: {posision:vector [L], velocity:vector [L/T], type:<AtomType, KEY>}

atom[ ]:Atom
¥end{def}
¥begin{data}
atom( }:[{{1.1 1.3 02}{1.0,-20,3.00 "Ar%}

{{0.1 03 1.21{1.0,0.0,4.0f "Ne"l
¥end{data}
COFE, 2—FPHMEOEUEEEHRLN, class EWIIF—T—FERAOTHLWF - RLER
FHIENTELBERLTV S, 272, UDF KA v 9 THOb SN A BHBREEBT 5720
(2, KEY,ID by 77— B AEIh TV,

ZHDEIGLUDF 77 AN L TERA LY — AT TL 0L LT GOURMET AHE S,
GOURMET i3\wAWnWA %R I alb—33 0707 5hilk@oA 9 72— A2 52500 ThHhb5,
GOURMET X UDF 7 7 4 M3+ L T, 21ZLBT LA, F—solErEFL, T—F AN,
e, Ty O, B, 75 71t 3RERRELEFFLIENTEL, LOLHILEETEY
h7-7a 738 TH-Td, F—FDAMN% UDF OoFA T&ET1E GOURMET nRE+FIHT 5
HTEB, Python & V) 7O 7 FASHETERLTEY, @2 Ialb-3 3 7FussLidthn
EEHCTHELIHENFTED, ,

7B B DX MBS L WEBMAD LT, ZEBHET) X 7I28A) & Lz, SRBWZ
ETFV TR/ T LT IO —FE—D2TERZVTHAH ) L, EHERST— X EMHT 52 L13T
E2WVTHA) LVIFEZIIHETVTV S, GOURMET {2 OCTA Y AF LDY Ial—Yarrry
YDA T ATHEIEFTEL, EDE Iy ial—2ar7asriaebFIFANL I LA
TEZ BA LT Ial—3arulsal@or—7VlE o772 EOT, ZREHN LT
FUVYIHEHTEILODEL L) DPRIEDEZTH S,

4. BbbhC

TPz P TEGHRY O A, VA 2= FBLUFv= 2 7 Vid 3~ httpfoctajp IR SR
TWwd, OCTA GV 7 =7 ) TAERIZOOHEEILY I 2L -9 THEH BBLICLDOTIE L,
OCTA DFEFHIBVTIR,. ZLDADFIL o CEFOBRIRBLTHCE IR VAFL LI ERH
BBE Lo EFR, OCTA 2134 Rk i TH b, OCTADIRML TabDiFy 3al—2ay
Ty b T7A—LESIRKELT—TNE, FOLIIEB S WL OPOBGOFEE (P Y) T
Hho WRTHLREEITELZN, FEMATT Ly ITRIEBVLVCI—ZAHHICIRE, FILVWEKT
FoTHLVEEZFTMALZLDTRETH D, TV IDAAFICL T, BRREMR- KREELELTD
HREEBHOFBICL, 7072y ra FNMEIO LU T ARFBICOIRI2E IIITHIENTE S,
DV ATAPEISADBRIZVETIEEVTH S,



RTOR g
T s (e A

140F Patrc [GraghSheet]

Pendulum3.cdf tfoal | xfioat yfoat
® [ GraphSheed 0.4 02010739, 0.1074641; -
f D21 0.J64873220  (.1930407
f x D317 03110672 0.500476; .
fy D41t 032335848 0.3010008;
Fz 051 03069971 0.3152438:
Fw 0617 0.2634018, 03034785
w U0 01951553 02631516
¥ v 081000617 0307105 0.1947067
0.9100001; 0.007340296:  0.1048053;
¢ Cinput 1.0100001; -0.0932224:0,00348756..
% O3 pendulum 11100001, -0.1820912:-0, 098358676
4 mass 11} 1. 7100002 " °0.2524B08; -0.1893785;
4 length 13100002 "0 2080133 "0/ 3505874
& gravity 1.4100002 “0.3115456] -0.3079514}
@3 sowver 1.5100002 -0.2993127; -03274885
o 3 connig : -0.3180908°

: T T e e T ™.
i @ x tvxwdt )
R Sy 4wy sd
E; 2 z+vzudt ;
‘ : adt = (260 xhvx + yit vy + 2¥v2)- ¢ % zedt )/ (LeL) EE
. A”;‘;ﬂ'. ?,;. X T ¥X - a_jt * x
L i -0, = ..,
(’é’/}f/fg’{f’;ﬁ? 03
; iy 04
i o 05
: 040302010 01020304 s
g - 28 A &9_.30 ii?lﬁ 123G ‘!fi@ .153‘-'18‘{] 280 ﬁ: PP

L 24

[1] http:/octajp : OCTA DAFF— AT Thb,

[2) OCTA v =T A"V 7 b7 0T DdDOEE{LY I 2 b — &  Integrated simulation system for soft
materials” Vi d FFCURL X 0 o > o— FTEE

[3] Material Modeling Platform, Masao Doi, proceeding of the 15" Toyota Symposium for Scientific and Engineering
Computations for the 21th Century, Elsevier, to be published

[4] Z#REEMET) Y LHER. /) F 1+ 1T 56-60 (2002



ZLMD Ultra Simulation

GRS, SEFH (BEEREAZRIFHARH)
RIS EX (ELERBETRA 7V v KBIREY )
REE— FHELERYI1L—Yavers—)

1 U

AMOBEFEMRE I aL— 3~ (DNS) F, ALRERCETDIAERECT I DTHEEEF
OB IIBRFOLRE CHARETMOBH T~ 2RI 3, LU, LRFOMELBEEI
W BNAT—LETELS Y32l —hTRCEEAMELLEDNSIEEVWTEL A /LI
ReDAFFERT BT LRARCERTH S, ThIIAAETATZ0LHELEHER bUL
CIIBTFHEN RICHHIL TKECRD, BRLZBBEHLIRIALBWITERORRICES
KEELTLTULESI DS THS.

—F, EEOZA—NR—AXEL2—90HRBELWREEICED, BREBELEILEDEFNLIZ
FREBWCEXGEBEZSRICES CEMMEEL-TETWS, FIK2002ED3 AICHREE
ARV T 2L —%F (ES) IR~ BEEE 40TFlops - XEUHRE 10TB 267 3 HRES
BE - RERBOA-N-IAvEa1—7ELTIBENTWS, BAHBRYI1L—F0O/N~
Rox7 ("2 70ty Y, BEERIOAA Y FE) OFWEERTFEETSI e, R
UBSEEHN DBXBRLIRODNS 2RREIT D ZzBEL, BRI Iz L—YBICRE(L
Lfc 3 RTuEERT— ) LZEH (3DRFFT) 2RFE L. FOHR, 12/ —FZAW., BFR
#2048% @ DNS IC45V\ T, 16.4TFlops DBEREHE & fER O DNS(IS T 58 1024%) & Ko 1o
BV AIREL Ultra DNS(I8F a0 4006%) #RBR L f.12)

TITH, EEOLSKKIFRBWIABER DNS(Ultra DNS) ZHIR 22 L—5 TEIRY
SIcHDICHERFERENFEREBRRUBONLATBICOVWTHGRT 5.

2 Ultra DNS OFA&

Bl A/ NXEERPONZT - RAOERNGHRH R ZEBET 2 ZBMELZDNS T
{&, Navier-Stokes ﬁ&iﬁ"&?é SEVEEGERENHOL &, TESILITERICEL O, B
ESREUTT7 UL  ARY MUFEEAWSZ EHEBICEUTH D, 7—U I A2 MUK
TIRLED =, y, : EARICAPHLELREEZ 7 TRBERL. ThEBROEY k| < Knax
THSEYD, ERREOEMSIAEAREZHERSTS. 46, BHIAERACEHTZEREE
OFMICHBELEHFAABREEERY - IXBREAVWTEEBICTITS. Z0EBEICLEST
AUPIIIZ—E, RRERMICT(,1,1) ABICH¥EA Y 2 aiF2 7 b UIcBF L THREIR
FHAMI S L INELEBRETETSE D, K, Knax & BHERB Y E Kpam OEICE
DRET D | —RIC Kot DEDRZWES P HHELAEBEE L D/ MEWAT - LETIEREK



BIRTESHNRBTESLA/NLZHITNE LD, A8, » I AEEERNIXENICLEZRER
=L (ANEIOQATR) TH5,

AR MIEEAVWSAIRRMOEELN ERICITASC t&o&ﬂ’&:}?&b%ﬁ_&)@f? VA
BEXHANEEELLO IR SDERICBITZIELH D, —A, LRDELSICT—VI - ARY
BMLEREBWTTAUVPIVTIS—ERRICREL, BERAICAROLLT Ty T EEZRAW
158, 1BBEAT Y 780 1200 3 RTESET — Y TR (3DRFFT) 2T54EHH 3
et 3DRFFT ZEWNNCREICRITTE SN HERL LS.

IR 2 1 L —% (BES) ICI3BR8GFlops D 8 DDAY kM JLEEH (VP) & 16GB OHREAEY
EHTAHE/ —KA6M0BD, FNOSRBEWCBRIORNAAM Y FILTERBENREE 25
TW3. 3DRFFT ERZ MLAFHEACIEETH S C L R UMD AR ICEAGBEIFLETH
2Z&EHS, ESFIDRFFT ORI ES OEMMAEFMIC &L OEIT TR ERZNICHH
MR TH D BAIBESOEBEEERL (1) /707U MERY, VPOXRIKILE
256(x8Byte) £ TZSMOERT 5, () BRA4DOTFFT 2HEHTS, () ¥Za2FIYr705A
ZIL&DE/—FAD VP IKHFICHEESR XM TS, 1) EERBEARCUVE—+PZIEZR -
AvbO—=jL- 2=y b OHEEZS|I EHR T td MPLput ZEART2EOTXEIT o/, RICES
TiE VP OBEERRE (RGFlops) & VP E XA Y XA EY DI RIB (32GB/s) DINT Y AZERT
BERK2OFFT EDEKADFFT DIESHBER YV ERD, REEREES I ZHT I &p'T
L%l :

"LESON=RI7EZF—IcLDHEEZ AV M UTHELL, EARDNS 7073 A
(trans7) OASHEE (B H5E) BRICH TS Trlops BUOEMMEREL (E—2#48ELk). N3 i3 DNS
81 BBTAM, ng REW:/ — RO (S [1] & D 06

N3\ ny| 512 ' 256 128 64

20483 |13.7(0.43)[15.3(0.48)] 6.9(0.43)(7.8(0.49)] - -

10243 [11.3(0.35)[11.2(0.35)] 6.2(0.39)[7.2(0.45)] 3.3(0.41)[3.7(0.47)] 1.7(0.43)[1.9(0.48)]
512° - 4.1(0.26}[4.0(0.25)] 2.7(0.34)[3.0(0.38)] 1.5(0.38){1.7(0.43)]
2563 - - 3(0 16)[1.2(0.15)] 1:0(0.26)[1.1(0.28)]
1283 — - - 0.3(0.07)[0.3(0.07)]

3 UltraDNS DR
3.1 ERhEsRE

R1ER2ICHHATHERLLTERICED ES BICRBE{L U SDRFFT ZHWCELR DNS O 7
A4S A (trans7) OEMMHEEA TS K1 OHEERESON—FR Pz FEZFI—DAITICE
DABERRIHELLHODT, R2iEER1 EA—DIESIKDOWT, B4 O 3DRFFT OIEHE



*£ 2 R1EFMUBSIKOWTRFANLGHERZAVWTESEEEZFEL /-0 (XE[Y) &P
B

N3\ nq| 512 256 128 64

2048% | 14.6[16.4] 7.4{8.4) - -
1024% | 12.2(12.1] 6.7(7.7) 3.5[4.0] 1.8[2.1]

512* - 4.4(4.3] 3.0[3.3) 1.7{1.9]
256° - - 1413 1.1]1.2]
1283 - - - 0303

BREBICHELLODOTH S, RLD, A—HC X (N)DDNS T, /— B (ng) EHINE
EHICRPDMEES IZFREICENMULTWA I EMahd. FLT, BT ARE2048° O DNS % 512
J—RAWTHEBEERTITI> b Oh, 15.3TFlops(Bi# L 16.4TFlops) D EMHREDRSER
HEZERLTWBZLHDD. BFRE N PREVWSECHBENEIFGHEEFELDERE
THIERELT, BEETRT—F Y XHEHE D 3DRFFT KEWTEERRIE- I
febfieBEZoNS, B3V ZOBETIRIER 4D FFTHFE—7HEELE0.6 &0, B 20
FFT O— i — 7 HEEL 0.3 & R KIBARER LR TEL. K1 LD E— T MHEELD
BAMEIH 05 LS LAZSHRBRIZBEIOFFT OEBIRNLEAIS THZEEIS5NnD.Y

trans? TIIEBETEDOSRS, BFRAB N ODNSIKEWTHI25N? x 8Byte DX EJ ZLHE
TS LD ST N =2048TIE16TB THIH N = 4096 Tid 12.8TB & D ESTOM—%
LIz AEURI0TB 22 3. F0/, HR L 4096° @ DNS L SDRFFT SIS fEEEZ D
IEBEFEZEEWSNC T )y RREEXHREALL F0OBR FAXETEVEIE 72TB &40 512
/—RIEBWTH 12T Flops, LTI vHFED1 ATy FHE DK 0H D DNS FREBETE L.
fd5. N = 1024 ® DNS #AWEFRIERB TR, N7V y FHELEBEESEOIRIL
F—ARZ MLICHAREREBA I G o 1.

3.2 B5SniENE

B 1(a) I3 ARBCEITDIEHIRNF—HERE (o) EIRINF—FERBERFHMHITS. B
SRLEBSEFEENSO 2EFHOFEAR Y TEBELEBDICDWT, ThETODDNST
BONTWBICEAOIK I 21 L—2ICL3EEENUERETH 5. BLDEBBRIEUILTS
IRILF—HRFEHN R, — 0 iCEVWT—EHEICHEL TOWCERFIERTES. Hi(b) It
RYZIaL—9Ti-oc—HEDODNS ILEWTHBS NI IRLE—ZARY hLE (2P k53 T
HBELEBDOTH D BFREG5125(R, = 257) RU 10243(R,, = 471) ® DNS OF—F [T
BWTIR Ek) « k750 L3 RMBEENIRETES. —A BTFAK 048 (R, = 732) RV
40967 (Ry = 1201} ILEBWTIE E(k) x k7539 o = 0.10 £ 4% Z &9 B, #3513 Ultra DNS
KEDHHTHRBEENLEXRTHS.?
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T
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Gowhetal 2 g 1
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% Series1 = =
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4
AR Sx 0.1
A
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B 1 (a) RADOBMNLES ERERAOKAE & TEEL L FHT R E—BREE L1 /
LB Ry DBIBE LTRRL, REROBRERL D DNS I & 2HE (BLWT—H—) BHEL
fb®, (b) IR I 1 L—% EMUE Ultra DNS K EDES NIz, BRI TRILE—ZA
oMb, (XA (2] & D K

4 F&&H

WIRYZ 2 L—9ON— R 7OFRBEEFMET S L, RUBSEEN DBLRERRS
AFO DNS 2#RBITZ2 &2 BEL, HRYI 2 L—FAICRBLELICSRAESE7 YT
¥ BDRFFT) ZBR L. TORR 512 /—RFEHAW:, BFSH 20488 O DNSIZHWLT,
16.4TFlops DBEEEHE & FEKD DNS & HA(d 7o BN S ARAES Ultrs DNS(IEF 252 4096°)
EERLUL. BSnELTUSRE MBI/ IRIR (R — LR 3018) 28 L, ZORHERLER (&
) 256, Z2<DIAPRIAROUHEERLTWVWS, S& SBonkiligh ELMomstnZ
OBEICERIN, BRALGERT—7E2RHLTW EEZISND,

o

& 3B

[1] Yokokawa, M., Itakura, K., Uno, A., Ishihara, T. and Kaneda, Y., 16.4T7Flops direct
numerical simulation of turbulence by a Fourier spectral method on the Earth Simulator,

http:/ /www.sc-2002.0rg/paperpdfs /pap.pap273.pdf (2002).

[2] Kaneda, Y., Ishihara, T., Yokokawa, M., Itakura, K. and Uno A., Energy dissipation rate
and energy spectrum in high resolution direct mimerical simulations of turbiilence in a
periodic hox, Physics of Fluids 15, L21-L24 {2003).
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(1) Batchelor, G. K., “The effect of homo-
geneous turbulence on material lines and
surfaces,” Proc. Roy. Soc. London A 213
(1952) 349-366.

[2] Kida, S., Goto, 5., “Line statistics:
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Abstract

Propagation of a laser light through regions of an underdense plasma is an active
research topic in laser fusion. In particular, a large effort has been invested in studies
of stimulated Raman scattering (SRS) which can reflect laser energy and produce
energetic particles to preheat a fusion cnergy target. By particle-in-cell simulations
of an underdense electron-plasma, we have found, apart from the standard SRS, a
strong backscattering ncar the electron plasma frequency at densities beyond the
quarter critical. This novel instability represents a three-wave resonant decay of the
incident laser light into a standing backscattered wave and a slow trapped electron-
acoustic wave (w < o).

1 Introduction

A general issue in laser fusion that has been of considerable interest in past decades is
growth of instabilities in underdense plasmas. Stimulated Raman scattering (SRS) is
known as major processes that can bring high reflectivity and undesirable target preheat
to prevent efficient compression of the fuel. Although much effort has been devoted to
this subject, observations and theoretical models are rarely in good agreement.

Recently, a new type of stimulated scattering on the so-called, electron-acoustic wave
(EAW) was proposed by Montgomery et al. [1], to reinterpret underdense plasma data
from the Trident laser facility. It was shown, that among electronic instabilities, stimu-
lated scattering of laser light from a trapped electron-acoustic wave (SEAS) (w < w,) can
possibly explain anomalous backscatter data previously attributed to stimulated Raman
back-scattering {B-SRS) from unrealistically low plasma density. In Maxwellian plasmas,
a slow linear electron-acoustic mode is strongly Landau- damped; however, at large EAW
amplitudes, electron trapping with a small dissipation, can support undamped travelling
modes (BGK-alike) [2]. In the experiments reported, the SEAS to SRS signal ratio was
smaller than 1073, However we find plasma conditions such that SEAS can dommate over



B-SRS [3]. This novel instability is absent from a classical theory of laser-parametric in-
stabilities. A parametric excitation of SEAS instability, can be explained by a three-wave
resonant decay of the incident laser light into a standing backscattered wave and a slow
trapped electron-acoustic wave (w < wp) [3]. '

2 Simulation Model

To investigate stimulated laser scattering in an underdense plasma, one-dimensional par-
ticle-in-cell simulations were performed with an electromagnetic relativistic code. A
plasma layer was placed in vacuum with more than 50 electrons/cell, while ions were
kept immobile to create a neutralizing background. For energetic electrons and electro-
magnetic waves that reach system boundaries, two extra damping regions at the system
ends were introduced.

3 Simulation Results

To illustrate the plasma response to a step-function, linearly-polarized laser pulse with
an intensity 8 = eEp/(mowe) = 0.5 (Ep is the electric field), in Figure 1 the snapshot of
electromagnetic (EM) and electrostatic (ES) waves for twy = 89 (left) and the snapshot of
longitudinal velocity v, /c versus position for twy = 224 (right) are shown for an initially
uniform plasma layer of length L = 50c/wp (wp is the laser frequency) with the electron
temperature T = 500eV and plasma density n = 0.7ny (ne = n(wo/w,)? is the critical
density; w, = (ne®/(ggm~y))/? is the electron plasma frequency and v is the relativistic
Lorenz factor).

As one can see, intense laser light (wy, ko) drives an instability with a high amplitude
ES wave that efficiently heats the plasma. Furthermore, the generated trapped ES wave
is characterized by the wave number k =~ ky.

Ta clarify the nature of the instability in Figure 2, EM and ES spectra in the plasma
layer (density and length are n = 0.4n, and L = 40c/w,, respectively, the longitudinal
thermal velocity is v,/c = 0.2 and the laser strength is 4 = 0.3) are shown. The time
interval fwp = 0 — 1057 covers an early phase of the instability, and the time interval
twy = 1291 — 2348 includes a fully developed SEAS instability stage. The scattered EM
wave (ws, k;) grows at the electron plasma frequency wy = 0.6wg (the laser pump line at
w/wy = 1 is not shown), while corresponding electron-acoustic ES wave (w,, k,) grows at
wo — w, = 0.4wy < w,. Note that apart from ES noise around a natural plasma mode
(wp = 0.6wp)}, ponderomotively driven non-resonant ES mode is also present at w = 2wy
and k& = 2k;.

Through many of our simulations in a broad range of plasma densities (n > 0.25n,,)
and laser strengths, it was confirmed that the main characteristic of SEAS instability is
that the backscattered wave is driven near critical, i.e. w; = w, which implies k; ~ 0 and
V; = 0 (V, = 0 is the group velocity of the scattered wave). Therefore, the backscattered
wave is a slowly propagating (standing) EM wave such that the frequency and wave
number of EAW match a 3-wave resonance, as w, = wp—ws = wp —wp and k, = kg —k; =
ky. Indeed, in an early SEAS phase, observed narrow spectrum readily obeys the above
frequency (see Fig. 2) and wave number (see Fig. 1) matching conditions.
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Figure 1: (left) Snapshot twy = 89 of EM and ES fields versus position for plasma layer
(n = 0.7n4, L = 50c/ws, T = 500eV, B = 0.5). (right) Snapshot twy = 224 of the
longitudinal electron velocity versus position.
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Figure 2: Spectra of electromagnetic (top) and electrostatic (bottom) waves in the plasma
layer (n = 0.4n., L = 40c/wy, B = 0.3) for time intervals ftwy = 0 — 1057 and twp =
1291 — 2348. The initial thermal velocity is v, /¢ = 0.2.



4 Conclusions

Although.there has been a significant effort to understand a complicated picture of un-
derdense plasma. instabilities, in most cases obtained results, including those presented
here, show a variety of phenomena that can lead to an unexpectedly large and anoma-
lous plasma response. It was shown, that an intense laser driven plasma can efficiently
generate trapped electron-acoustic ES waves. The possibility of exciting such intense ES
waves deserves future attention.
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Nonlinear simulation of multi-scaled ITG turbulence
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Abstrace—The numerical code for calculating the shielding current den-
sity in the high-Tc superconductor is developed by using the element-free
Galerkin method. The behavior of the shielding curcent density is expressed
by me-imegm—dil‘l‘erential equations. In order to solve the initial-boundary-
value problem of the equations, the equivalent weak form is derived. Since
the form satisfies the cssential boundary conditions automatically, it is
discretized easily. In the numerical code, the resulting nonlinear system is
solved at each time step. By means of the code, the spectral analysis of the
magetic field is performed.’

INTRODUCTION

Among the applications of the high-Tc superconductor (HTS),
the magnetic levitation and the magnetic shielding have recently
become promising. Since the quantitative evaluation of the shield-
ing current density is indispensable for the design of the magnetic
levitation syslem and the magnetic shielding apparatus, varions
methods [1-3] have been proposed for calculating the shielding
current density. However, in all of the methods, the finite element
method (FEM) has been employed as the discretization method.

In spite of its quite convenience, the FEM has been plagued
by two inherent difficulties: the time consumption of the element
generation and the limited smoothness of the approximate solu-
tion. In order to resolve the above difficulties, several meshless
approaches [4.5] have been proposed. -

The purpose of this study is to develop the numerical code for
analyzing the time evolution of the shielding current density by
using the element-free Galerkin (EFG) method and to perform the
spectral analysis of the magnetic field by use of the code.

GoveErNING Eguaniong

Let us first assume that the HTS plate has the same cross sec-
tion through the thickness direction and that it is exposed to the ac
magnetic flux density By, = By, sin2n ji e. . Here, ¢, denotes a unit
vector along the z-axis. We further assume the multiple-thin-layer
approximation [1] to simulate an anisotropy in the critical current

density of the HTS. In the following, the shielding current density
and the electric field in the pth layer are denoted by J,and E,
respectively, and  is the cross section of the HTS plate.

Under the above assumptions, there exists a scalar function
8. 1) such that J, = (1/£) VS, X €. and the behavior ofj, is gov-
emned by the following integro-differential equations [1,2]:

. Hp 95,
“Od: f Qpllx-x) Sx, 1) dx' + 0 =L

+B—1(Bn-e:)+e:- (VXE)=0 (p=1,2,3, - M), (1)
where 2¢ and M are the layer thickness and the total layer number,
respectively, and the expllcn form of the function Q (r) is given
in [2]. Throughout this qmdy x and x’ denote vectors in the xy
plane. In addition, the flux-flow and flux-creep model [1-3] is
adopted for the J-E constitutive relation, and both the flow resis-
tivity p, and the critical current density j. are assumed as con-
stants. By solving (1) with the initial and the boundary conditions,
we can investigate the time evolution of Ji, b, **. Jy.

NUMERICAL METHOD

By means of the backward Euler method, ( I)'can be easily
discretized with respect to time. The boundary-value problem of
the resulting equations is equivalent to the fellowing weak form:

M M
pod 31 [ 65,00 Qputle- S5 axax

Ho §
+T;fﬂas,,s;;dx+m§fﬂ£;~(V&S,,xe:)dx
M
+;£ﬂ(sspxp+sgaxpydﬁ

= tto Pf‘ ﬁ" [ [ 850 0pflimx 5y aax
—"f'd' 55, 8™ dx - Z‘J 55, (e, -(By - Byl dx

for V85,Vé4, (p=1,2,- . (2}



where the superscript 7 indicates the value at ime ¢ = £ (= nA7),
€.g., Sp(x) = S,(x, 1"). In addition, the Lagrange multiplier A (s)
is a function of an arclength s along d€2, and both ESP and SAP
denote test functions. Note that the essential boundary conditions
are incorporated into (2) through Lagrange multipliers. In this
sense, the test and the trial functions can be selected arbitranily.

By using the shape functions of the moving least-squares ap-
proximation [4,5], the weak form (2} can be discretized as
G(z)s[;;g]u-m[”g) -[3 =0, (za[i]) 3
where the nodal vectors, s, e(s) and A, correspond 1o the scalar
function S}, the electric field E and the Lagrange multiplier A,
respectively, and the matrices, W and B, are calculated from the
shape functions and the function Qm(r). In addition, z is a nodal
vector irrelevant to 5. As is apparent from (3), s can be determined
by solving the nonlinear system (3). Thus, the initial-boundary-
value problem of (1) is reduced to the problem in which the non-
linear system (3) is solved at each time step.

NumericAL RESULTS

The 3D simulation code for solving the initial-boundary-value
problem of (1) has been developed by means of the method ex-
plained above. For simplicity, the HTS plate is assumed to have a
square cross section of side length 24, and its thickness is denoted
by . Throughout this study, the geometrical and the physical pa-
rameters are fixed as follows: @ = 20 mm, D = 2 mm, M = 6, f
=100 Hz, p, = 7%10° Q-m and j, = 1.3x107 A/fm?. A typical
distribution of the shielding current density is shown in Fig. 1. We
see from this figure that the smoother distribution is obtained by
using the EFG method. This is mainly because the shape func-
tions are continuously differentiable in the EFG method.
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Fig. |. Spatial distribution of the shielding current density at r = 42/{25/) for
the case with B, = 1.0 T. The distribution is calculated at zfa = 1/120.
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Fig. 2. Dependence of the normalized power spectrum on the applied mag-
netic flux density. The magnetic flux density is calculated at = (0, 0. -0.06).
Acn=1tand A:n =3, Here, n denotes the index of the Fourier mode.

Once the spanial distribution of the shielding current density is
given, the magnetic flux density can be evaluated at an arbitrary
location. After calculating z-component B_of the magneiic flux
density at a specific point, we get the time sequence, B.g, B, -+,
8. y_;. By using the FFT algorithm, the sequence is easily trans-
formed 1o By, B,, -, By._,.

By using the axisymmetric FEM program, the authors investi-
galed the time variation of the shielding current density in cases
where p, and j. depend strongly on B. Furthermore, they performed
the speciral analysis of the generated magnetic flux density 1o find
that the third harmonics are excited abruptly with an increase in
B, {3]. Such a sudden onsel of the third harmonics was also ob-
served in the experiments by Claassen et al. [6] Unlike our earlier
work, the B-dependence of p, and j is neglected in this study. The
power spectrum of the magnetic flux density is calculated by us-
ing the 3D code and is depicted in Fig. 2. Although the intensity of
the n = 1 mode does not change, the # = 3 mode is weakened with
an increase in 8. Therefore, we cannot reproduce the sudden on-

- set of the third harmonics numerically if the B-dependence of p,

and j.. is neglected. From the above results, we might conclude
that its sudden onset is closely related o (heir B-dependence.
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Abstraci—The iterative solution for the linear system obtained by the meshless
appruach is investigated. The meshless local Fetrov.Galerkin (MLPG) method is
based on the local domain weak form, and the trial and the test functions are taken
from the different functional spaces. Conseguently, the coefficient matrix of the lin-
ear system becomes banded and asymmetric. In this study, BiCGSTAB, GPBICG
and GMRES methods are employed for the solution of the tinear system obtained
by MLPG method. The results of computations show that the BiCGSTAB and the
GPBICG methods do not give a converged solution in finite iterations. On the other
hand, the GMRES method converges after 250 itcrations in case of the 256 x 256
linear system.

INTRODUCTION

The mesh generation procedure must be needed before us-
ing the general finite element method (FEM) for the solution
of the partial differential equations. However, it costs a lot of
time to divide the region into a set of finite elements. Thus,
the time required for discretizing the partial differential equa-
tion or solving the resulting linear system is much shorter than
that for the clement generation. On the other hand, the mesh-
less approach does not require finite elements of a geometrical
structure. The necessary information is only locations of nodes
which arc scattered in the region and on the boundary. For
these reasons, various meshless approaches have been devel-
oped, such as the diffuse element method [1], the Element-Free
Galerkin (EFG) method [2] and the Meshless Local Petrov-
Galerkin (MLPG) method [3].

Although the MLPG method is onc of the meshless ap-
proaches, it is widely different from the diffuse element method
and the EFG method. The trial and the test functions are taken
from the different functional spaces in the MLPG method,
whereas they are taken from the same {functional space in other
meshless approaches. Furthermore, the weak form is derived
on the local domain. Consequently, the coefficient matrix
of the linear system becomes banded and asymmctric in the
MLPG method.

The purpose of the present paper is to appty the BICGSTAB
[4], the GPBiCG [5] and the GMRES [6] 1o the solution of
the linear system obtained by the MLPG method and to eluci-
date the numerical character of the linear system obtained by
MLPG.

MESHLESS APPROACH

In this section, we derive the weak form of the Poisson
problem and discretize it by means of the MLPG method.
In this study, we use the rectangular two-dimensional region
Q= [0,1] x [0, 11 and its boundary is denoted by [..The gov-
erning equation is cxpressed as

—Au= T, (1)

where w(x, v} and f(x, y) denote the unknown and the given
functions, respectively. Furthermore, the boundary condition
is assumed as follows:

u=i. @

Here, i denotes the given function.

To approximate the function u(x, ), let us first scatter M
nodes in the domain Q and on the boundary F, and assign the
weight functions with compact supports to the nodes. In this
study, the weight function is.defined as follows:

e(-;;/c}’ - e-(kmf
e i<k, &)
0 ' ri > R.

wi(x) =

Here, R denotes the size of the support for the weight function
wi{x) and r; is defined as r; = |x—x;|. Moreover, ¢ is a conslant.
By using the moving least squares (MLS) approxtmatlon -the
shape functions are given by .

$i(x) = px) A " bitx), L)

where componcnts of the vector p(x) arc monomials of
the space variables, x and y. In this study, p(x)¥ =
1 x vy xr xy y2] is employed for the quadratic MLS
approximation. Furthermore, the matrix A(x) and the vector
bi(x) are defined by

M

AGx) = ) witx)pleppe)’, )
i=|
bi(x) = wilx}plx;). N ()

Under the above assumption, the trial function u(x) can be ex-
panded in the form,

M
u(x) = Z

i=1

In general, the FEM and the EFG are bascd on the global
Galerkin formulation. In this contrast, the MLPG method is
essentially based on the weak form over the local sub-domain
€;. For the sub-domain €;, we choose a circle of radius R
whosc cenler is placed at x;. Thus, the sub-domain ; agrees
with the support of the weight function w;(x). Equation (1) and
its associate boundary condition on T'; are shown to be equiva-
lent to the following local weighted residual expression:

f(Au—f)w,-dQ—aff(u—ﬁ)wjdr=0,- (%)
Q| ) . I A ' . :

uihi(x). (7



where « is a trial function and « is a penalty parameter. Be-
sides, [; denotes a part of the boundary I which is clipped off
by the boundary of £;.

Foltowing the standard manners of the MLPG method and
the MLS approximation, we can discretize (8) as follows:

Bu=f, ®
where the matrix B and vector f are defined by

(B),-‘:f Vw,--ngde+af W,'¢jdr—f lt’;%dr, (]0)
o m: r,  on

Lf),—:crfuw,—d’l“—ffw,—dr.
r; r;

Here, ( ); and ( ); represent the (i, j)-th matrix ¢lement and
the i-th vector component, respectively. Moreover, n denotes
the unit normal vector whose direction is outward to €;. In
this way, the solution of the Poisson problem is determined by
solving (9} numerically.

an

NumgRrIcaL REsULTS

As is apparent from (10), the coefficient matnx of the linear
system obtained from the MLPG method becomes asymmet-
ric. In addition, it is not clear whether the matrix becomes
diagonal-dominant or not. Therefore, the LU decomposition
method or the conjugate gradient (CG) method can be em-
ployed for the solution. However, as the number of nodes is
increased, the coefficient matrix becomes more sparse. For
these reasons, the BICGSTAB, the GPBiCG and the GMRES
methods are employed for the solution of the linear system (9).

In Fig.1, we show the residual histories for the BiCGSTAB
and the GPBiCG. Here, the residual norm for the approximate
solution v is defined by

W= Bl
1l

where || |l denotes the infinity norm of the vector. The termi-
nation condition for the solver of (9) is r < 107'2. Through
the present paper, the size of the linear system is fixed as
256 x 256. This figure indicates that both the BiCGSTARB and
the GPBICG method do not give a converged solution even af-
ter 300 iterations and that the residual behaves irmegularly for
both methods. This is mainly because the condition number
of the coefficient matrix is-large due to the penalty parameter.
Besides, the coefficient matrix becomes a nearly singular one.

MNext, we show the residual histories for the GMRES
method. Figure 2 shows that the residual norm stagnates imme-
diately after the restart. On the other hand, in case of k = 256,
the residual norm converges after 250 iterations. Here, & dc-
notes the restart parameter. Consequently, this figure sug-
gests that the GMRES method without a restart is more effec-
tive for the linear system obtained by the MLPG method than
the method with a restart or the BICGSTAB and the GPBICG
method.

From the above results, we can conclude that the
BiCGSTAB and the GPBIiCG method are unsuitable for the
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Fig. 1. The residual histories for the BICGSTAB and the GPBICG.
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Fig. 2. The residual histories for the GMRES. Here, & denotes the restart
parameter of the GMRES.

linear system obtained by the MLPG. On the other hand, the
GMRES method without a restart is effective for the linear sys-
lem.
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