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Is the gal imply th and ded,

T T class CNN(nn.Module):

Could lhlsbeadlskﬁewededge«-ﬂn’ def —lnlt—(self) : ..
super(CNN, self). init ()

self.conv_1 = self.conv_layer (3, 16, 3)
self.max_pooll = nn.MaxPool2d(3, 3)

N i i i S g self.conv_2 = self.conv_layer (16, 32, 3)
Does the galaxy have a bulge at its centre? the centre of the galaxy? self.max pool2 = nn.MaxPool2d(3, 3)
Ifs hat shape? |
l T ~Ad self.flatten = nn.Flatten()
Is there anything odd? self.linearl nn.Linear (513, 128)
y W 2 self.linear2 = nn.Linear (128, 32)
Is there any sngn of a spiral
How hghll} wound do the spiral arms appear? 4— arm pattera?

versus self.output = nn.Linear(32, 3)
Is the odd feature a ring, or is the @ 6 6
galaxy disturbed or irregular?

—

How rounded is it?

@staticmethod
def conv_layer (in _c, out c, kernel):
conv_layer = nn.Conv2d(in c, out c,

Image Convolution & Pooling  Convolution & | kernel size=(kernel, kernel), padding=(0, 0))
"~ Y =4 - 2
(@) How many spiral arms are there? How prominent is the central bulge, RGE channels 16 channels 32 channel return conv_layer
1 compared to the rest of the galaxy? 52%x52 24x24 12x12 -

def forward(self, x, ext):

= out = functional.relu(self.conv_1(x))
out = self.max pooll(out)
out = functional.relu(self.conv_2(out))
out = self.max pool2(out)
out = out.view(out.size(0), -1)
out = cat((out, ext), 1)
out = functional.relu(self.linearl(out))

out = functional.relu(self.linear2(out))
return functional.softmax(self.output(out), dim=1)

Extinction—
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Op + V- (pv) = 0;

Bi(v) + V- (pvv _BB | PmJ) v, z-
47’(’ dn ] k [
— = A'yn/n* 4+ B'n/;
OB =V x (v xB—cE"; dt /
(B -v)B , ' ' de

Oe +V - | (e + Po)v — + 8| =0, — =1 — A;

47 dt

, 4T

E = —(770] + ngd X b + nuJ0),

RMRENDF: Ae]kERIISH SHELE 23




cnz colabERiaagpu2a0d ~ scratch/cosmic
% mpiexec -bind-to user:0,1,2,3,64,65,66,67 -np 8 ./kratos cosmic_test_large.par
Reading input parameters from ascili : cosmic_test_large.par

Loaded metallicity data

Loaded cooling data from cooling.txt

Loaded heating data from ion_heat.txt

Reading particles... 134217728 particles read.

Init field... MG with & iters, defect = 9.39762e-05

Done.

a=0.02dt c = 0.548463

MG with 2 iters, defect = 5.46753e-05

cycle = O, t = 5.484630e-01, dt = 5.484630e-01, Speed = 0.0000002+00

a = 2.060000e-02 dt ¢ = 5.403723e-01
MG with 2 iters, defect = 8.930718e-05
cycle = 1, t = 1.088835e+00, dt = 5.403723e-01, Speed = 1.297068e+09

a = 2.121800e-02 dt ¢ = 5.32461%-01
MG With 2 iters, defect = 6.847148e-05
a = 1.00, z = -0.00

Ig(tho_t/CGS)
-26.0

-27.0
-28.0

-29.0

T e T T

cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle
cycle

nnnnuwun

mn n

| | | | A [

nn n

Il

231700,
231710,
231720,
PXIVE R
231740,
231750,
231760,
231770,
231780,
231790,
231800,
231810,
231820,
231830,
231840,
231850,
231860,
231870,
231880,
231890,

10°

0
.I'/R+

102

3

n(Na)/cm™

.731265e+01,
.731611e+01,
.731957e+01,
.7132303e+01,
.132650e+01,
.732996e+01,
.7133342e+01,
.733688e+01,
. 7134034e+01,
.734381e+01,
.73472%e+01,
.735066e+01,
.735415e+01,
.735762e+01,
.73610%e+01,
.736428e+01,
.736488e+01,
.736563e+01,
.736641e+01,
.736724e+01,

mumnuwmmnmn

i m n

mumuwmnn

+ ottt o

I

nn
B e I B B B e B I i B I e e I i Y |

104 1073

—100

dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt
dt

wm uw nn

nun

i mon

nonu

i un

|

CO =~ =] @ =] W W W W b Ly b )

]

dt =

101

.462804e-04,
.462704e-04,
.4b62732e-04,
.462735e-04,
.462642e-04,
.462596e-04,
.462193e-04,
.461238e-04,
.463324e-04,
.472235e-04,
.483252e-04,
.487364e-04,
.48130%e-04,
.472681e-04,
.467191e-04,
.225673e-05,
.931734e-05,
.922358e-05,
.569162e-05,
.901633e-05,

10! 103

n(H?)/cm™3

0
.T/R+

100

Speed
Speed

1072

—100

.183928e+06
.178442e+06
.190248e+06
.180139%e+06
.182938e+06
.184222e+06
.175107e+06
.171489%e+06
.179861e+06
.184096e+06
.179090e+06
.182025e+06
.180104e+06
.181164e+06
.182695e+06
.204879e+06
.542428e+06
.515064e+06
.503148e+06
.500003e+06

monn

nnn

n

mm n
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n

nn

nn
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10° 10?
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0
.I'/R;
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Wang 2025a
ApJS, 227, 63
Wang 2025b
arXiv:2504.04941



.731265e+01, dt
.731611e+01, dt
.731957e+01, dt
.732303e+01, dt
.732650e+01, dt
.73299%6e+01, dt
.733342e+01, dt
.733688e+01, dt
.734034e+01, dt
.734381e+01, dt
.73472%9e+01, dt
.735066e+01, dt
.735415e+01, dt
.735762e+01, dt
.73610%e+01, dt
.736428e+01, dt
.736488e+01, dt
.736563e+01, dt
.736641e+01, dt
.736724e+01, dt =

.462804e-04, Speed
.462704e-04, Speed
.462732e-04, Speed =
.462735e-04, Speed
.462642e-04, Speed
.462596e-04, Speed
.462193e-04, Speed =
.461238e-04, Speed
.463324e-04, Speed
.472235e-04, Speed
.483252e-04, Speed =
.487364e-04, Speed
.481309e-04, Speed
.472681e-04, Speed
.467191e-04, Speed
.225673e-05, Speed
.931734e-05, Speed
.922358e-05, Speed
.569162e-05, Speed =
.901633e-05, Speed =

.183928e+06
.178442e+06
.190248e+06
.180139%e+06
.182938e+06
.184222e+06
.175107e+06
.171489%e+06
.179861e+06
.184096e+06
.179090e+06
.182025e+06
.180104e+06
.181164e+06
.182695e+06
.204879e+06
.542428e+06
.515064e+06
.503148e+06
.500003e+06

cnz colabERiaagpu2a0d ~ scratch/cosmic 231700,
% mpiexec -bind-to user:0,1,2,3,64,65,66,67 -np B ./kratos cosmic_test_large.par C 231710,
Reading input parameters from ascili : cosmic_test_large.par e = 231720,
Loaded metallicity data 231730,
Loaded cooling data from cooling.txt C 231740,
Loaded heating data from ion_heat.txt e = 231750,
Reading particles... 134217728 particles read. = 231760,
Init field... MG with & iters, defect = 9.39762e-05 C = 231770,
231780,

231790,

a = 0.02 dt_c = 0.548463 C 231800,
MG with 2 iters, defect = 5.46753e-05 cycle = 231810,
O, t = 5.484630e-01, dt = 5.484630e-01, Speed = 0.0000002+00 C 231820,

231830,

= 2.060000e-02 dt_c = 5. ¢m3?239-m1 cycle = 231840,
MG with 2 iters, defect = 8.930718e-05 C 231850,
1, t = 1.088 -35&+UD dt = 5.403723e-01, Speed = 1.297068e+09 231860,

231870,

_C = 5.32461%9e-01 o 231880,

defect = 6.847148e-05 = 231890,
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NS IESECKBEEN: ATk (overshoot)
RBARBREY
MRS EARMIEHE RN EHEFETILRER:

INSCEERRIAER . SScEIITHE],

ERR yyax, HBREL, WEFTERRD “RIAGE

* ﬂg*ﬁ* yX=X1 Kimii ﬂﬁﬂ_-’lﬁt

yi|ﬂ:=.1:1 = yi|:r:=1‘ﬂ + &;’Iﬂ' (Jf.? o

ItESFRIVAE

FIGEA T (3

dax

S

Jij 1:I:u &I) - |:dﬂ]

—

implicit Euler, h=0.5




BRATR yyox, REISE, SBI—H4UGART (2RRK) :
yi‘ﬂ?=:ﬂ1 = yi|-1'=-’!?n + &I (5?? - '){ijlﬂfu‘&m)ml [dﬁ]

dx

X —REHVBIRIE A ?

NTE yx=x, = y1 RIERREHB LR (RPRINE) .

F(y) = JL— 40 _ fly1; 1)

Ax

CASFUIGE KRR LR /TR, v BNEKRBERNEIEINN:

Y1 =Y1— g—i]_lF(’yﬁ: Y1 — (Aia:_ )_1[

&y WERIENH Vo = Vyex, DEEL.

MItE SRRV E

y1A—xyo — f(y1; 331)]

implicit Euler, h= 0.5

1 & |
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dy;

'y'i|'.l:'::;:l =~ yi|;r::;;n -+ &.’ﬂ ((S” —_ "T’ijliﬂn ﬁ;I;)_l [_}

dx
FIRFTFEMRAER, WRRR

+ *Bf%

52 73 TR MY 1 SR A R T

) (N BB s&fﬂ’\*ﬁl)
1 T GPU...

il:n.pli:.:i.t

Euler, o= 0.5




. , . [ dw,
A.lgorlthm 1.. Parallel LU decomposition of ma- 'y-.r;l.-r.-:;;,-l ~ 1 )’z‘|;:-::;:“ + Az ( 5?:}_ - Ir'-,,r'lw:n ﬁ:}:) 1 Y
trices on multi-thread devices dx T

Data : Matrix to be decomposed a;; (size N x N) =

Result: LU-decomposed matrix stored in aij;

Permutation vector p;. fO r-|00p 0 1 2 n-1
1 i « thread index (0 <i < N —1);
2 v; < maximum absolute value in the ith row of a;;
3 for j < 0to N —1do
/* Compute U and unrescaled L */ Thread O
4 for k «~ 0 tomin{i — 1,5 — 1} do
Uij € Uij — Uik ALj!
/* Pivoting: Let diagonals hold greatest
possible absolute value */ Thread 1

synchronize threads;
if ¢ Z j then t; +— |aij|/Ug‘;
imax + Index for the maximum ¢; with i > j; Thread 2
synchronize threads;
if j # imax then swap(a,,, .. .i,a;:);
10 if 7 1s 0 then swap(vi,.. ,vj); Pi ¢ @max:
/* Rescale L */
11 synchronize threads;
12 if j‘ < i then Qij < Ctrij/ajj )

13 end Thread n-1

© w4 oW
L L

fffs%: GPU XF = /\EPERY LU 57 /%
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» FSHEREREP]CASSBUZARE N5 #E:
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N REREMEBIR TS
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u(t; x) = ug(x — vt)
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s BRI ERENZMMOHTE:
372 = —p(x) , Ulp=—1 =B|z=1 =0, 0{x) =6(0.25 — |z|)
« —MNMSABRILRIR?

2“?’1 — Up+1 — Up-—1
Ax?

« HITRREH

) Upgr t Up1 +0(T,) AT

u, = 9

» IR {u,} ZEMNFHENRE, W EXNNZI2ENIL
» BFE {u,} SWEZME, AFEMHIZANIL?
« RAXERIVIERE: RYZ EFHIRNRER

e RBBME 0] REVAM T E

= v(xy)

2

1.0 1

0.8 1

0.6 1
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0 -1
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-1 2 -1 UN_1 by 1
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MiEX u = Ru+ D~ 1b < “HEm" P 1. o = Upi1 + Up_1 + v(x,)Ax?

URRSHMEN “RE" e=u- i L
s RRESERE i, B i = Ri+ Db T vl L.
BRI, B3 e =Re U
REGER, REERE e £ “REiE R” : 2] lmeo) Lo
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RE (Al <1 8T, T A =cos( / ) | i

WA R IETLAR, BEFNSH—RE/RERER  R=-D
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