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TYPES OF GALAXIES 0000000

ASTRONOMERS SORT GALAKIES using the “tuning fork” classification scheme
developed by American astranomer Edwin Hubble in the 1920s. According to ELLIPTICALS
this system, galaxies come in three basic wpes: elliptical [represented by the
handie af the fork at right], spiral [shown os promgs| and ifregular [shown
below at fefr]. The smallest galaxies, known as dwarfs, have their awn
uncernain taxonomy

‘Within each of the ypes are subiypes that depend on the details of the
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galaxy's shape, Gaing from the top of the tuning fork 1o the bottam, the galactic ED
disk becemes mare prominent in optical images and the central bulge less so
The different Hubble types may represent various stages of development,
Galaxies start off as spirals without bulges, undergo a collision during which D D D D D D D D D D D D
they appear irregular, and end up as ellipticals or as spirals with bulges.
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Saitoh et al. 2005
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Star formation with SPH

Large scale structure formation with AMR
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e 2006: Xu et al,
Science 311, 54

Center: Sun o'

e Nov 2008:
Burst of results
from VLBA

Galactic Coordinate (y) [kpc]

e Several data
from VERA

(Compiled by Dr.
Asaki) Galactic Coordinate (x) [kpc]
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(Fujii et al. 2010)
animation al

animation a2

e Stable against radial mode (al, a2)
e Spiral arms form

e They seem to be maintained for very long time
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Runge-Kutta

Jdbobobobbogtdddobobobobogtdtdduoootd

oo

Ln+1
k1

Juboboobbtbdubobobobotddubobod

Jduoboooboogdduoooib i

= x, + h(ky/6 + k2/3 + k3/3 + k4/6)
f(@n,tn)

f(x, + hky/2,t, + h/2)

f(x, + hks/2,t, + h/2)

f(@n + hks, t, + h)

(38)



Runge-Kutta

l.a;; U s —py=10000000000000000O0
HRERERN

2. 00040 bobobbogedddoobooguduong
ooy

. 0o ootottt
Joduboboobogdd

Joboob 4b0booddgboooodddobooood
0o nnnni



Jdbobobobbogtdddobobobobogtdtdduoootd
Juoboobbogtdddobooobodgtdddoooond
Juoboobbogtbnogdddboboooogtdd

10 s> 10

s/[1 234561789
pl1 23445667 7 p<s—2

Jdbobobobbogtdddbobobobobogtdtdduoootd
Juoobootdg20 2000 oootddno
Jdbobobobbgtdddbobobobobgtdtdduboootd
Jduboooboodtddooond



Juboooboggtd: bbbt ddboooibd
HREEN

Juoooboogtdtd: bbb ddboooibd
Juoboobogdoodddoooooodddnog
Juuboood

0000 (variable step) / 0000 (adaptive step)

Jododod A00000 =00000000000
HRN



RKUOOOO

Tpi1 = Ty + i b;k; (39)
=1

(5

kK, 0000 ogoood biDDDb;DDDDDD
' = x, + i bk, (40)
i=1

000000000000 0000DOODOOO00000ad
Juobobobobogtdddoobootodgtddduoooond
Juoboobtgdduboboobd

00000 dddddddddd embedded OO 0O 0O OO
Joo0ddoooddododdl Runge-Kutta-Fehlberg
D000 00dddddDormand-Prince U0 OO0 OO O



000000 @ooonD)0Doooooooood
s otddootd 2s 000

Juoboobobogtdddoboboobogtdtdduoooond
Jubbobggubddboboobogddnod
Juboboobogdduog

Juboboobbgtddbobotduibh 2 U UOU
Juboboobogtddboboobobtdmoooddd
Jdooboooogddd



Juboboobtddubooobogtddduboootd
HREEN

o L UDDOOUOOOUOOLODODOOOOOUDOODODOMO
Jdubobobobbgtdduboboobgdddnd
ooy

o LU UDDOUODUOUbLOLDLODOOUOOUULDLOLODOO
Jodooobd

o LU UULDLDODLOOOOO

Juboboobbgtdddbobbbobgttddubooobd
Juooobogtd



Juoboobbo.gddbobobodg bl ; 00oni
Juoboudboogdbobidtd 4,000 s U004

Jd: ¢ 0ddddooodobooooddnoog
Jdbobobobbgtdduoboboobgtdddubooobd
HREEN

Jubobotduobobobobogdddbboobogtdduibg



JU: bbbttt dbooond
fUbOU00O00O00oooooooouooooooon
Juoboobbogdd

f

0O0Oo00Ooooooog
?}igy O0O00o0Oooooood
000000 OooOoog
0O000000D0DOoOoO
00000000 0Oon
00O000000oOoooQ




Jodod 00 .4+ 10000000000 2—p 00 2
Juboboobgtbddbubbpbbbd

P(t;) = f; = f(zj,t;) (t—p<j<n1) (41)
0000 dddiie+ 1000 Tiy1

i1 =@+ [, P(t)dt (42)

Jododotood AUOLD0OO00OO0OO0O0OOpOOOON
HREpEEN

p
Tiv1 = x; + h Eo ap; fi—i (43)

Jduoboobnd



Juobbougdboogtdbb bbb otd
Juog

OO0 AhU0000000d000pdddoonnndn
p—1
Tit1 sz‘-l-hl_zlbpjfz‘—l (44)

Juobooboogdddoooododtd p=10000 0
Jduoboboobogdtdd

h
Tit1 = T; + E(fz + fit1) (45)

oy



oo

o LU UDOUUUOUULDLODLODOOUOOUULODLDODOOUn
o L UDDOOUOOOULOODODOON

oo ooibd

Jubobobobbgtdddbobobobobgtdtdduboootd
Juoboobobogtdddoboboobogtdtdduoooond
Juboboobgtuddbobbobobogtdd



Jdbobobobbogtdddobobobobogtdtdduoootd
Juoboobbogtdddobooobodgtdddoooond
Juuoood

(0000000000000 00000000000C
00)

0000000000000 00000000000000
000000000

Jdbobobobobogtddubboobodgdd



2

Juboboobobogt20b0ddddode:
Jdboboobbgddubobobootgdd

Juoboobogtdddboooonodddono 20000
Jduobooobugdd

Juoboobbogdddooooodoooddnog
Juoboobbogdd

Jdoboodddddoooond



Juobobo3dgtduonpdubobotdoootdtd: oduo
Jooodoooodoooouoooooonooooog?

o |11 LHUOONMOO
o |0

000000 /000000000000000000



: 2 leap frog
J00000000000000000000 000

e leapfrog
® Verlet
e 2nd order ABM

e 2nd order Stomer-Cowell

Ju40dduooooogddnn



leap frog

vi_1/2 + Ata(x;) (46)
Tit1 T; + Atv; /2 (47)

000000 DOO00DbO00D0O00 £1/2000000000
Juuboood

Uit1/2

Jooooodd

v1/2 = v + Ata(xg)/2 (48)
Joboooodddoboboood

v; = v;_1/2 + Ata(x;)/2 (49)
HRERN



leap frog

Jdobo200booibd

Juboboobbgdddbobobobobgttdduboootbd
Jdbobobobbogtdddobobobobogtdtdduoootd

J:ubobobgtddbubbbobgtddbobobboogtdd
Jdubobobobbogtdddobobobobogtdtdduoooitd
Juoboobobogtdddoooobodgtdddoooond
HREpEpEEN



00O 0400
d’x
dt?
O Dooggod O 2000000000000 0000
ooo0 (x,v) =(1,0) 0000000 1/40000

= — (50)



40




o000t oodtdtdtdoooodotnnhodn
1 h?
H = (2% + v?) — — 22 51
REE &)
00000

Juddobobobotoodddoooooddnog
HREEN

h>200000000000000000000

0000000 ooooO(@CoboooboooobooOooo 10
Oo0o00)Dbooooooo



1. 0ot godooo
Jdubooobotgtdd

2. 00000 boobotd bbbt dod
EREpEpEEN



1. 0ot oobodooogddooogdt
bbbt boobgdddnd
Jduobobobobogtddbobooototdtd

2. 00t
Jdubobobobotdddbobooboddddnd

.Ut oobd



1. 0oyt
Jdubobobbbdddbbobotdddnd

2. 0000 boobootddd



Jguoboobt dudbobooooggdd
Joooogogo?

Juoooboodddooooto-gddooobbond

Jdoboobobbobotbo.gdddoooind
Jdoboobbgtdduoboboobbobogttddnn

Jdobobobobogtddooboobodgtddddiooonn
Juuooobd



Jdbobobobbogtdddobobobobogtdtdduoootd
Juoooboogdd

Juobooobte:

o L UDDOUOUOUOLOLOLODOOUOOUOULDLOODOO
HREREEN

o L UDDOUOUOUOLOLODLODOOUOOUULDLOODOO
Joduooond

e 15080 OIHOOOOODLDOOODODOON

000000000000 T(p)+V(g) DODDODODOO
0000



Jdobobobbbobobogtddddbobmbooooggdd
Joooogoodo?

000000000 HOOODOOOOODODOODOOOOO00O
0 p000000000O0O00D0O0OO0OOOOODOOO
H'000000000000000000000H O H
000

H = H' + hPT'H, + O(h?*?) (52)

DO00000000HR'DO0OO000000D0O0DOO00DO
000000000 @bOoooon)

(000000 DOOo0ooOooobooooon)



(000O0)OOoOoooOoooDoooooooooood

dy
d— — f(wv y) (53>
X
HRERERRRERERE
Yi+t1 = F(miv Yis fa A:IJ) (54>
(1 [
Yi = F(xit1,Yir1, — f, Ax) (55)

Juoboobooodoodddoooonoddnog
Juboboobilobobobogtddboboooogddog
Juboboobotddooooddduooond



o L UDDOUOOOUOOLODODODOOOOUDOODODOO
bbbt boobgdddnd
L] [

o L UDDOUUUOUbLODLODLODOOUOOUULO

Jdobobobobogtddobooubobooboogtddnn
Jdoboobbogtddoodboboobogdddnn
Jooooni



Jdbobobobbogtdddobobobobogtdtdduoootd
HREEN

Juubobob: 4000

At At?
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Little Green 500, June 2010

Green500 MFLOPS/W Site* Computer*
Rank
1

National Astronomical GRAPE-DR
815.43 accelerator Cluster, 28.67

Observatory of Japan

Infiniband
QPACE SFB TR
2 Forschungszentrum Cluster, PowerXCell 5754
Juelich (FZJ) 8i, 3.2 GHz, :
3D-Torus
QPACE SFB TR
. . Cluster, PowerXCell
2 Universitaet Regensburg 8i, 3.2 GHz, 57.54
3D-Torus
QPACE SFB TR
. . Cluster, PowerXCell
2 Universitaet Wuppertal 8i. 3.2 GHz, 57.54
3D-Torus
Interdisciplinary Centre  BladeCenter QS22
5 for Mathematical and Cluster, PowerXCell 3463
Computational Modelling, 8i 4.0 Ghz, :
University of Warsaw Infiniband

Jo0o0oooooooooOoo
#2: IBM PowerXCell, #9: NVIDIA Fermi
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