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Numerical Astrophysics Using Parallel Supercomputers

RS

Dongsu Ryu

Astrophysics has been one of the disciplines which utilize actively supercomputers for
their researches. In this paper, studies of astrophysical flows by large scale numerical
simulations in supercomputers are discussed. The followings are described: 1)
characteristics of astrophysical flows, 2) numerical codes to study astrophysical flows, 3)
performance of the codes in parallel supercomputers. A couple of examples of such studies
are briefly presented: 1) three-dimensional evolution of the nonlinear Kelvin—-Helmholtz
instability in a magnetized medium, 2) three-dimensional simulations of astrophysical jets
in a magnetized medium.
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Alfven B2k =gA £HolA 2 o o]F Alfven £33 (£¥ intermediate £ %etnx 3,
I3 =9 EgE %E FFold fAt =EREYE =gdA SFolA F 0 ol = A5
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4% Reimann & A3t vk E£¥ Hartend flux limiting & AH&stxn gtk 2ok A
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ANEA 4e 9F oA E 7% ©3A (monopole)7t GotE 23 (V- B=0) & o
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4. 3=9] A% 4% (performance)

YelA 71" Z=E g HE FHAFE (parallel supercomputer)$t HE +3 A FH (vector
supercomputer)9l A 3 23} (optimization)¥ t}. 32+ Z=oA & ZAA (cell) & AIZF 7+E (time
step)& Al & 10 kflopsel £ 78t @A o8 wHFHFEIANA & 7K processorg o] 43}
o ANEYelA FHYE 1 o] Z=9 AN AL &y B

Supercomputer Performance (Mflops)
GS320 (731 MHz Alpha) 550
IBM SP (375 MHz Power3+) 450
Cray C90 400
Sun Enterprise (400 MHz Ultrasparc II) 200
Origin2000 (195 MHz MIPS) 150

o) I=EE tdy F HZ WEE o83t ¥HAFG (parallelization) = o] Ut}

(1) OpenMP

(2) MPI (Message Passing Interface)

a9 19AE OpenMPE o] £3lo WEsld 139 AV|FAGs 229 HEs 5§ o9 34
FeHAA H2ES ZAAE BAFR Utk 29 204 E MPIE o83t WEstg 334 A7#A
Qg o HEs A5 e o3 FHAFEAA HAES ARE HHFa o

5. 3 &g FAd &

(1) A7]HA A Kelvin-Helmholtz ¢+ A 9] 349 A3}

o] AFE oA 7ed ol AVIFAE 98 AEHONH Z=E U2 WYIA ¥ HEFo=R
A A7 F£ JdE FAoltt A7Fe] AE A$ (Alfven Mach number < a few), A713& &9
Aol A" E AL Wl 28y A7 Fe] g BLdE AVFe] e AL RAR
Kelvin-Helmholtz ¢34 & W& (turbulence)® 2 &t} 28X ojwe] G F& A7) FAg &
Folt}, 29 34 E A7)Fo] 48 A ¢ Kelvin-Helmholtz B84l e AslE voFu g}, o
A1 AAE WES =8 (44 B 5 gk

(2) AANEYE AEY A BHo|A
HAETAA BEZHE B8 HAEL AES HAgFa . AEE ZF A9 (accretion disk)# &
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