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Domain decomposition

The global simulation is divided
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Storms knock out power to 174,000 homes in Australia
Published: 14 Feb 2024 - 08:25 am | Last Updated: 14 Feb 2024 - 08:32 am

i .' 5N
. o - y g
- \ s 4/ Sig
: 7 % " 45 & - .

s Pictures of Iast year talk

(et

e

MCF@S

into multiple patches

(abstract decomposition)

We only have to p Snads
the interface to iter

T ® >1G part in a simulation

Patches are scattered a

If patches are too large they split
If they are too small they merge

take a big cluster

Adastra mi250x

5 GI’U.sV
BN GPUs
NN GPUs
: -': GPUs 1.38p4-09
e 9G part / seconds
e 65.000.000.000 particles
( 4000°)

® 7 sec / iterations

100

1000
GPUs \ = ;
Global time steps : Isothermal disc : 1G part = 1 orbit/16h
(Estimate 10k steps at 1M part) 1sothermal disc : 16G part = 1 orbit/4day

29




Context 3
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PHANTOMSPH
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Context 4

Why a new code ?

)

PHANTOMSPH



Sometimes we need a lot of resolution E



Few examples

Global instabilities ?
(1-10 Gpart)

+(0L0 2100 2200

W JOhansen, Youdin 2007

20.0 -10.0

v
log \/ (pva)} ¢ + oV}

..'_7.9

What happens here ?

Circum-stellar accretion ?

(1 Gpart)

Wafflard-Fernandez, Lesur 2023

(>1 Gpart)

Shamrock paper

Envelope, disc, low:

(1 Gpart)

log(p) [g cm ™)

178 16.2 147

131

116




Phantom on GPU ?77?7?

Phantom SPH code :

Argonn: &
* ENEi 6V
Limitations :
¥ CPU only
¥ No MPI scalability (limited to few nodes)
1 Exal3op ¥ Soft imit around 10-100M particles

= 10'¢ Roat operations per second
Phantom can not be ported to GPUs  New approach

¥ Kd-tree build
¥ Domain decomposition

¥ Single loop approach




Su p erCOm DUte rS Exascale clusters

TOp 500 list : Top 500 Supercomputers: Intel / AMD CPU Cores Deployed by
, 45 Processor Technology
-
Rmax Rpeak Power .__2
Rank System Cores (PFlop/s)  [(PFlop/s) (kW) s 40
1 39 42.00 2,746.38 29,581 35
A ‘ L ake
30 jade Lake
e
2 a J ‘«\\(:;;[:)Jtal1ms 1,353.00 2,055.72 24,607 25 eon Phi (Knights Landing)
Broadwell
Slingshot-11, HPE Cray 0S, F ' AM D ﬂ » Haswell (Grantley)
20
DOE/SC/Oak Ridge National Laboratory ‘ ‘ :
= lvyBridge
United States
G 15 P = SandyBridge (Romley)

3 Aurora - HPE Cray EX - Intel Exgge®®Compute Bia Bau 1,012.00 1,980.01 38,698 = AMD Pre-EPYC

Xeon CPU Max 9470 52C 2.4GHgln Y . | 10 ® AMD Naples

Max, Slingshot-11, Intel e l n tel m AMD Rome

DOE/SC/Argonne National Laboratory

United States 5 I l 8 AMD Mian
4 G num 84 2,073,600 961.20 846.84 0 .

N/ Infmlband DR, Microso

nv I D I A® 5\50’ 60\\ j 5\)(\’ ‘\0 5\3(\ ,{\o 5\)0' eO 5\)0' ‘\0 3\)(\' ‘\o 5\)« \;0 5\)0’

Source: Topb00.org;, Wells Fargo Securities, LLC
5 HPCé - HPE/ GﬁE LJtion 3,143,520 477.90 606.97 8,461
RHEL 89, HPE s

> AMD Y tb Supercomputers move to GPUs
E;‘if“' (E! ciency, density, Al, E)
(But all vendors involved)

Could also happen with NPUs soon-ish



GPU code for supercomputers e

SYCL, OpenCL and SPIR-V, as open industry
standards, enable flexible integration and
deployment of multiple acceleration technologies

SYCL enables Khronos to influence
ISO C++ to (eventually) support @
heterogeneous compute

Our choice :

SYCL.

¥ C+47 extension
¥ Programming standard

¥ Directly compiles through CUDA, Hip, OpenMP, E
¥ Supports all major CPU & GPUs (AMD, Nvidia, Intel, ARM)




The summary

The goal: Exascale

A

intel

Argon ni?
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13th International Workshop on OpenCL and SYC

IWOCL 2025 o=

Shamrock: Exascale Hydrodynamics for
Astrophysics Using SYCL

Timothée David Cléris, University of Grenoble.

Shamrock: Exascale Hydrodynamics for Astrophysics Using SYCL

Iw
OCL

Technical talk at IWOCL

How ?
Do everyth

iIng on GPUs

o

Suamnrock: Exascale hydrodynamics for astrophysics using SYCL.
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T Dwvid-COlérin . * O Lade' " aml Y. Lapeyme’

L o N e e e e e

CVIL UG Lo Ol e 1 10N i P

Sorrpes TR Shentt |1 Dm0 Vamch C 0w gt e DO by 10

ARSTRACT

Br prosest SaMEl, & potorreesr preteble Bamesard devrbpod 0 G4 17wl e STUL peagremenng sandend

Gbaed Lo e al MDAt e A ade et ien e

The oo of asomxx s 8 ssiebvaind porthl aur wih

soghiphle comatucton time, et offcrmcy & Send vo bvaary sigetva Thy snmanbed paticie Spdmdyammecs dponrten of

e PHANTOM (e b Imgiemeniad W A s s O Dy B e oveatie

Ve e Seveasls b e dwn

st stewe s wun Qoplayuyg & snhare domarty with ghdul tive szppeag o oh e of bellows of s s wAMM L
senpdcien 4 single Sew ey m 2 Bv wmendy wumg v e Seassand of UM o & mgerommapaet Thas cmempeuh s
prnsssmy Wlsess of puticies por meend, wud wom of sllesn o partsdes per UL T parstfe! efScssy moms the roess

shaster t» Meget thae < %0 fux vem

Koy woele swthods monwrnal

I INTRORUCTION

The stuty of B Sussston of senstess = e Uoevre & o Ml
. vl me s sl brme e rrrees ] -
—r Dl wdin tmpmdey Y GRS RRAA g w e e
® i e gy W e Losaal (om guteilen cputares
po ey 1 twovvww cortgy dfheweey ® M srrptebe (0
T N T Tl T
ettt batwas v d 5 ARM cvwrdd pravseng wwn T
el o ol e BRI LD
Levpddandd eht L puTian Bu wmte gershe o smbake
R e b S = T
Mabamr (s @ VIV sevalvor prommsomg | 1% bopw of hawdmane
Aftan ety tuee wandand O [P0 mpenng 3 gl
e of CTV Aasedt sonlien

| mssheida oFat bane e | e e ] s des e g
B I L e A
ern Lover o b 25 Pamiesas Gom o of 2507 O imas
Wikhong A Riwmindy 20000 Mo of e poiin i S commmenty
ey fiasat wv gul bl oo Muss memd caa e
cEmvAEe be TR el TETES guEwTwe @ et
e Mgty P el e smafued el WAl aema s
TV end meam vy Lagragen basod pvoncies oo | e
whm s | arvematy pedbree eed vieg e g e
walh 00 Baighe Batwted spunene, e pimatly sl wing
B sk Mesmmn rentanom i oo hemd By 4 but o
WA PRI T 1) ettty and (O syt
Mg oTh e bl s ew Flaacah e b Bate Iy pen
e ol ke d wene ghetel
st e o b o Wlne A petaies b & -

L S L L

. T A

epracted bmwter e e s Dasct sapetieen T
potl s o hydad i d ek W sl by e
VAR L imeDad M Be wOel e N A Apessy
W ofhbomry o gt baend Lidories < sebon deombgud & A Fon
L s e R e I S
ool » logeand et Couatayg B maarval e (w
R e R ks e e A R
MBI e Veaeedes lalage wpwfane f elalte e
- rmae St Cawrnee sefaads, sgwr partess e Lagangien
Teelnds = At bW premts b beed b g Sesmmms () MM
The rabe of Band 14 Bt oot vmanns diinamms whum Bo casbes
of wighbeay soroess et when ey @ esvenh S Swnd
U0 Ll oA 2w g perherrae meteben (ware e wewy
® bybold ONU GIV matnale Bosscan schosonms D doigs
o M e b mates b gwalag b et perTiie et ety
PN e M TOLY, e i o R Nriaget W
I Nk NSy wleiial) gl R Ao
ol e v (g b pertcien | e el ey
Lk Pl o Lagranpu Ut shagy = WAAHMET u S B
e b g s b aever bl bl e o
oy b PN P RN P rr dp e the e
e By Wibilbag snd vevwnid T om Aenimaen o b
parncies. The pectic sacsse of G snchasctnes calls o 3 S%eren
g e e debe o Bt etk eveteged e T
s & Bassnng L The tninnn dumn snbigon =
TEru PTG e RS Biate VAN CPRREL Cw
it rachamgt hragt mcrerw deyes of MY paaictien e
A AR M S e o panlislion, Wk semean
™ proureeng o sbslomass on GNDs sy e SYCL sandtand
Thes rw daden o wow aigredions bt b bnres B purh avnem s woquend
Pot Nanday sy mamtui o A mpath w5d aree LM
S eREt 2wt rum o AC « agten et wm Weve
o (Mywne ma Warrrs 8 Sdbmmm 1990 Laderhms e @ S

Pt nad (W hat |y o o B et A Saten ThE g A e b St ke b v b w—y

Comen o o b | v ey o —
et G Y . gy

Published






All solvers are the OsameO

Finite elements Finite Volumes SPH

Wait! Are cells just

e

£ particles that donOt move?




The goal In Shamrock

(Criterion
Schemel

-

~

W,

:==g.i_..i....................._l'»u

[ Generic modules j o

Optimising SPH

F »Shamrock T
<. //k
X

-

-

Numerical method
+ Exascale scalability

~

W,

Optimising AMR

Generic modules are codednce for all schemes

Reality is a bit more nuanced but thatOs the goal



SPH

Sedov-blast wave:

1.5} - _
: 200'__ ‘n _-
1.0} [ ‘

100

phantom -

0.5} _
l shamrock

00 01 02z 03 04 00

1.00p

0.75F
- 0.50F ]

0.25F . .

0.00F « spovmmmmd | e—
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 04

Reproduce Phantom solver !



But also AMR & Zeus

SPH (Phantom kind) Finite volume (RAMSES kind)
1.55— ] [
i ] 200_‘ .
_. 1o} ] Y
| |
0.5} ~  phantom [
« cenx . shamrock | 0:_ \
00 01 02 03 04 00 01 0z 03 04
r r
DY l 1.00:- """""""""" ]
a : 0.75} /
- ] . ] — 1.0e+00
s | I . osof ] 08
2F . . . [ *

: N 0.25f Tt
0-_| IIIIIIIIIIIIIIII - o_ooiﬁ ..........IE IIIIIIIIIIIIII : 0.4
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4

r r

Finite elements (Zeus kind) Mass based re bnement

mcrit — 1.26 o 06

@ AMR level }F2.0
. t=0.245 | k8 |
1.0 . ~
| 0.8 - . 18
0.8
'é | 0_6 - 5 ! : E
= 0.6 ® =
-8 I s %
G| 0.4 - 114~
2 04 n Sttt
| 0.2 1.2
0-2 Y4+ 4+
i / ®
0.0 j . . 1 , :
SSPEELDERSBDQ@8B¢ 1.0
0. 4 2 g M 4 2 4 2 L g 4 'y ] ' 1 ' ‘
8.0 0.2 0.4 0.6 0.8 1.0 0.6 0.8 1.0 1.2 1.4



(Measured In part/sec)




Single GPU/CPU perf

Sedov-blast wave:

x 109

14

12
o
§ 10
§ —*— Phantom Epyc7742 (64C)
2 8 —»— Shamrock Epyc7742 (64C)
LI —»— Shamrock A100-SXM4-40GB
5
@F

—

10° 107
N, part

tB Acceleration by a factor 7/8 CPU GPW

tb Same power consumption !!!

Latest benchmarks

" 15Mpart/sec



Mult-GPU 18

1010 8.73e+09 v,
2e6 parts / GPUs 6.76e+09 v,
16e6 parts / GPUs 5.34e+09
32e6 parts / GPUs e,
64e6 parts / GPUs ”.‘
1.38e+09
9 10
S o
: .
; .
§ 100 _.
Shamrock py
¥ 65G particles (4000)
107 ¥ 9G part / seconds
10 coue 1000 ¥ 7 sec/ iterations
¥ 1024 GPU (MI250x)
0 | Ci
Reference - ¥ 92% parallel e ! ciency

Same test with Phantom SPH = 2e6 part / seconds
" x4500 speedup !




But also with Ramses

-
-
-
|
P
-
-
-
/’
'~

% 1(? ””z¢’ — ”’¢: P
C /” /”’ Lol
s e e e
s v 7
o r . T
» F e e
~ v - - x” PR P
N X ”’1 ’;7" ,,/ /,/
g /,/’ //,’,:’//x /,X --------- vad
= S 9):,/,/' el --%-- Adastra 1e6 parts / GPU (SPH)
O lllllll ’,, /’,
10° yee= T X x’ --%-- Adastra 8e6 parts / GPU (SPH)
e e --%-- Adastra 16e6 parts / GPU (SPH)
okl e -%-- Adastra 32e6 parts / GPU (SPH)
,,/ _______ ¢ ’, .
e -%-- Lumi-G 128 cells / GPU (AMR)
. el --%-- Lumi-G 256° cells / GPU (AMR)
10 100 1000

GPUs
84% parallel el ciency on LUMI before optimisation

Next: Optimizing the solver to get at least a factor of 10






On the road to Exascale CAUTION

WORK

Top 500 list : IN PROGRESS

Rmax Rpeak Power
Rank System Cores (PFlop/s) (PFlop/s) (kW)

1 El Capitan - HPE Cray EX255a, AMD 24C 11,039,616 1,742.00 2,746.38 29,581 "
1.8Gaszl,E/]1\nMDInstinrcatyMI3OOA£,]Slingsho SS, HPE We have acceSS to thIS One

DOE/NNSA/LLNL
United States

2 Frontier - HPE Cray EX235a, AMD Optimized 3rd 9,066,176 1,353.00 2,055.72 24,607
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE Cray 0OS, HPE
DOE/SC/Oak Ridge National Laboratory
United States

3 Aurora - HPE Cray EX - Intel Exascale Compute Blade, 9,264,128 1,012.00 1,980.01 38,698 Arggqp.y .
Xeon CPU Max 9470 52C 2.4GHz, Intel Data Center GPU e
Max, Slingshot-11, Intel * 'ENEIGY
DOE/SC/Argonne National Laboratory 22

Hewlett Packard

United States intel

4 Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, 2,073,600 561.20 846.84
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure
Microsoft Azure
United States

5 HPCé6 - HPE Cray EX235a, AMD Optimized 3rd Generation 3,143,520 477.90 606.97 8,461 1 20 OOO G P U S

EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11,
RHEL 8.9, HPE

1 Exaldop

Italy

Note: getting GPU time is really easy




On the road to Exascale CAUTION

WORK

. i 7
SPH particles (3.2 - 10 per GPU) IN PROGRESS

108 107 1010 10H 1012
e ——————————  Shamrock

e w— ¥ 393.692.655.200 particles  (7324)

—o— Adastra
—e— 1x A100-SXM4-40GB ¥ 10" part / seconds
¥ 4 sec/ Iterations

101

1010
—e— 1 x M4 max (CPU)

S
>~
Q
=
<
@}
=
Q
Q
= | =
H | |
= 12288 GPU (Intel PVC tll
o 107k Ui ¥ nile Hes
V) C wn
3 : =
i I O 9.5624e+06 36057000 3.771e+00 - 32.00 GB |
S = 9.5758e+06 36108000 3.771e+00 32.00 GB |
AS I = 6.3777e+06 24046500 3.770e+00 32.00 GB |
e o 9.5692e+06 36082500 3.771e+00 32.00 GB |
N’ 8 S 9.5609e+06 36057000 3.771e+00 ; § 32.00 GB |
ab) 10 3 D) <sum N>/<max t> - <SUM> ———-
4{;6 . - 1.0438e+11 s 384.00 TB |
m T -%) Info: estimated rate : 2.6815576783253906e-09 (tsim/hr)
F* = t = 5.59052345397294e~12, dt = 2.836977696765609e~12
B 5 : summary : [LoadBalance] [rank=0]
o, - strategy "psweep" : max = 36196500 min = 23874120 [LoadBalance] [rank=0]
107 _ @ D - strategy "round robin" : max = 36171000 min = 23874120 [LoadBalance] [rank=0]
C e : Loadbalance stats : [LoadBalance] [rank=0]
- npatch = 32768
i 0 min = 23874120
0 = max = 36171000
o avg = 32038790.299479168
i j; efficiency = 66.00%
6 0N Info: Scheduler step timings : [Scheduler] [rank=0]
10 — : , - » e metadata sync : 126.96 ms (83.2%)
= @ patch tree reduce : 4.43 ms (2.9%)
B gen split merge + 1232.84 us (0.8%)
[ | ll [ 1 1 1 1 1 || 1 1 1 1 1 1 ll 2 1 3 1 1 1 ll [ 1 [ 1 L1 1 ll 1 [ Spllt / merge op . 0/@
100 101 102 103 104 apply split merge : 1523.00 ns (0.0%)
LB compute : 8.33 ms (5.5%)
MPI k 1 k 1 1 LB move op cnt : 0 : )
— LB apply : 3.17 us 0.0%
Iranks ( ran tl e) Info: Scheduler step timings : [Schedular] | -0 ]
metadata sync : 123.01 ms (98.3%) ‘ 3
1 | l 1 | 1 | ' 4 1 I 1 | 1 1 1 41 1 I 1 1 1 Il 1 | — . l 1 Il 1 1 | 14 1 l 1 Il Info: Smoothlng Iengt'1 iterat 10” converged [SmOOThjngl o ° l
= eps min = @, max = 5.511837432562038e-16
1013 1014 1010 1016 1017 iterations = 0
Info: conservation infos : [sph::Mode\ “a
sum v = (6.240937604346087e-26,-6.240937604346087e~26,1.5602344010865217e-26)
FLOPS (AUIOI‘&) sum a = (0,0,-2.1443698325634424e-15) ’
sum e = 0.9999999999692291

I XSOOOO Speedup I sum de = -5.551115123125783e-15



On the road to Exascale CAUTION
WORK

SPH particles (32M per GPU) IN PROGRESS
10” 10* 161 1014 f  —
]_2 ! LI | . 2 L A PR | J : L o K% ; . W LE L L |
| 5
1.0} =
— ] Q.
E s
: e S
: 0.8 5
E =
o o
061 5 \
ey >
> &) .
= 8 Next step Is Exascale !
o 04 a5
= =
= go
. 2
0.2 -
+ —@— Aurora 1
| —e— Adastra
0.0

| l1.01 - l1l02 - .1.03 .1l04
Number of GPUs
= '1'0'14 — '1615 — '1'0'16 '1'0'17

FLOPS (aurora)



Exemple of a simulation




Exemples : circum-binary discs

(o) ¥ Soft limit around 10-100M particles

PHANTOMSPH But new physics at 1G particles

10M particles ‘m‘ "L00M particles

L ik 4

Need more resolution !



y
1G"particles




Accretion rate

10M particles
The circumstellaire discs act
. 1018 as an accretion buter
4 ————¥p—F
—— sink 1 (1G part
o[ ——— sink 2 (1G part) )
_ sink 1 (100M part)
> sink 2 (100M part)
;)2 — sink 1 (10M part)
< .
100M icles ??7? particles 1 Sink 2 (1M part)
Ob p===== Sden geas .

00 05 10 15 20
Time [binary orbits]

Converged




RZsolution verticale

10M particles 100M particles 1G particles

1G particules : 125 particules / H :b Enough for VSI, SI, parametric instability, E




See YonaOs talKk
for discs

Where do we go from there ?7?7?7

See guillaume talk



¥ Hydro #

¥ Discs#

¥ MHD # (Y. Lapeyre)
¥ Black hole + warp #

¥ Hydro #

¥ Dust #
¥ Self-gravity (WIP)

¥ Exascale disc simulations
¥ Non local forces (self-gravity)
¥ Live MCMC radiative transfert






