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The RAMSES code @CE)

Principle developer: Romain Teyssier Characteristics

* Fortran + MPI

* Grid-based with AMR & adaptive timestepping
* Collision-less particles (dark matter, tracers, ...)

24 years of community developments

Physics

* Hydrodynamics / MHD

* (Self)-gravity

* Radiative transfer

» Star formation & feedback

+ more being ported from private branches

2005 2010 2015 2020 2025

Evolution of the number of citations of the RAMSES first paper (Teyssier 2002)

Tine Colman


https://github.com/ramses-organisation/ramses

Versatility of RAMSES SeAce

Mega Parsec = 10** cm B - Stellar radius = 10 cm
Astrophysical applications

Cosmology

Galaxy formation and evolution
Interstellar medium

Star formation

Protostars and protostellar disks

Planet formation

Compressible turbulence

Ahmad et al. 2023
Joakim Rosdahl

~ Tine Colman




The SPACE project SeAce

Scalable Parallel Astrophysical Codes for Exascale

* 4 year European Center of Excellence project (01/2023 - 12/2026)

* Goal: prepare state-of-the-art astro codes to efficiently use exascale computation resources
* 7 codes: OpenGadget, ChaNGa, PLUTO, iPIC3D, RAMSES, FIL/GRACE, BHAC

* Collaboration: research institutes, computing centers, vendors
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Types of optimizations @CE)

Algorithmic Parallelism
“Same answer with less computation” “Throw more hardware at the problem”
Memory Vectorization (SIMD)
CPU Scalar Vectorized
Core Core Core Core
= W= 1 = ] [ mnnnnnmnmn
| | ——" | =" | ——— eperaten
I | Time Ia[ua[ua[un[un[un[unlng)
| M memory | Y MYV [YI[Y]
Compiler options Port to GPU

~ Tine Colman




Gprof: basic profiler from GNU

Information on:
* Execution time per function = hot spots
*  Number of function calls
* Call graph
Usage:
*  Compile with -pg, then run as usual
* generates gmon.out file at the end of
execution
Display results:
* gprof --flat-profile executable_name

* gprof --graph executable_name

Tine Colman

amr_step_
99.05%
(0.00%)

make_virtual_fine_dp_
0.55%

(0.55%)

545x

godunov_fine_
93.08%
(0.15%)

92.93%
(24.66%) i . . ..
819200% Python visualisation

sudo apt-get install graphviz

python3 -m pip install
gprof2dot

12 5% gprof executable_name |
daf o gprof2dot | dot -Tpdf -o
visu.pdf



Exclusive Coverage Vectorization Ratio

L?:p ‘ Source Location ‘ Source Function run_0 (%) (%)
1313 ramses_dev_gnu3d - umuscl.f90:530-666 [...] trace3d

1190 ramses_dev _gnu3d - godunov_fine.f90:594-599 godfinel

1354 ramses_dev _gnu3d - umuscl.f90:894-941 [...] ctoprim

1344 ramses_dev_gnu3d - umuscl.f90:1271-1279 uslope
1346 ramses_dev_gnu3d - umuscl.f90:1247-1255 uslope
1256 ramses _dev _gnu3d - godunov_fine.f90:62-63 set_unew
1345 ramses_dev_gnu3d - umuscl.f90:1259-1267 uslope
1263 ramses_dev_gnu3d - godunov_fine.f90:183-184 set uold
1232 ramses_dev _gnu3d - godunov_fine.f90:750-754 godfinel
1237 ramses_dev _gnu3d - godunov_fine.f90:711-713 godfinel
1465 ramses_dev gnu3d - godunov_utils.f90:694-696 riemann_lif

Modular Assembly Quality Analyzer and Optimizer

Gives information on issues/bottlenecks for each loop

Tine Colman




Optimizing the hydro solver e il

Loop
id ‘
1313 ramses_dev_gnu3d - umuscl.f90:530-666 [..] Crace3d)
1190 ramses_dev _gnu3d - godunov_fine.f90:594-599 godfinel
1354 ramses_dev _gnu3d - umuscl.f90:894-941 [...] ctoprim
1344 ramses_dev_gnu3d - umuscl.f90:1271-1279 uslope

Exclusive Coverage Vectorization Ratio

run_0 (%) (%)

Source Location Source Function

potential

Vectorization

Your loop is fully vectorized, using full register length.

All SSE/AVX instructions are used in vector version (process two or more data elements in vector registers).

Execution units bottlenecks

Performance is limited by execution of FP multiply or FMA (fused multiply-add) operations (the FP multiply/FMA unit is a bottleneck). By removing all
these hottlenecks, you can lower the cost of an iteration from 51.00 to 47.17 cycles (1.08x speedup).

Workaround

Reduce the number of FP multiply/FMA instructions




Optimizing the hydro solver e il

Exclusive Coverage Vectorization Ratio

Loop
run_0 (%) (%)

id
1313 ramses_dev_gnu3d - umuscl.f90:530-666 [...] trace3d
1190 ramses_dev _gnu3d - godunov_fine.f90:594-599 godfinel
1354 ramses_dev_gnu3d - umuscl.f90:894-941[..] Cctoprim
1344 ramses_dev_gnu3d - umuscl.f90:1271-1279 uslope
1346 ramses_dev_gnu3d - umuscl.f90:1247-1255 uslope
1256 ramses _dev _gnu3d - godunov_fine.f90:62-63 set_unew
1345 ramses_dev_gnu3d - umuscl.f90:1259-1267 uslope
1263 ramses_dev_gnu3d - godunov_fine.f90:183-184 set uold
1232 ramses_dev _gnu3d - godunov_fine.f90:750-754 godfinel
1237 ramses_dev _gnu3d - godunov_fine.f90:711-713 godfinel
1465 ramses_dev gnu3d - godunov_utils.f90:694-696 riemann_lif

Source Location ‘ Source Function

Execution units bottlenecks
Sound speed computed but

never used, sqrt expensive
- remove it

Performance is limited by execution of divide and square root operations
(the divide/square root unit is a bottleneck). By removing all these
bottlenecks, you can lower the cost of an iteration from 14.50 to 9.50
cycles (1.53x speedup).

Tine Colman



Optimizing the hydro solver

- ' Exclusive Coverage
‘ Source Function
XXX X|IX]| - 61..] trace3d
h94-599Cq
HNE <@l ks i
X|X]|X X|X]|- 279 uslope
255 uslope
e . . et 2-6.3 set_unew

/home/tcolman/Codes/ramses github tine/bin/../hydro/godunov fine.f90: 594 - 599

594 do ivar=1,nvar

595: do i=1,nexist

596: uloc(ind exist(i),1i3,j3,k3,1ivar)=uold(ind cell(1i),ivar)
597: end do

598: do i=1,nbuffer

599: uloc(ind nexist(i),1i3,j3,k3,1ivar)=u2(1i,1ind son,ivar)

—

Tine Colman

Vectorization Ratio

run_0 (%) (%)

Circumvent check
when grid is uniform
— ~10% speedup




Optimizing the hydro solver e il

Loop ‘
id
1313 ramses_dev_gnu3d - umuscl.f90:530-666 [...] trace3d
1190 ramses_dev _gnu3d - godunov_fine.f90:594-599 gﬂdflnel
1354 ramses_dev _gnu3d - umuscl.f90:894-941 [...]
1344 ramses_dev_gnu3d - umuscl.f90:1271-1279
1346 ramses_dev_gnu3d - umuscl.f90:1247-1255
1256 ramses _dev _gnu3d - godunov_fine.f90:62-63 set _unew
1345 ramses_dev_gnu3d - umuscl.f90:1259-1267
1263 ramses_dev_gnu3d - godunov_fine.f90:183-184 set uold
1232 ramses_dev _gnu3d - godunov_fine.f90:750-754 godfinel
1237 ramses_dev _gnu3d - godunov_fine.f90:711-713 godfinel
1465 ramses_dev gnu3d - godunov_utils.f90:694-696 riemann_lif

Exclusive Coverage Vectorization Ratio

run_0 (%) (%)

Source Location ‘ Source Function

Tine Colman




45

| Compute TVD slopes

call uslope(gin,dqg,dx,dt,ngrid)

I Compute 3D traced-states in all

if(scheme=="muscl')then
#1T NDIM==1
call traceld(qgin,dq, gm, gp,dx
call traceld(qgin, gm, qp, dx

#endif

three directions

,dt,ngrid)
,dt,ngrid)

real(dp),dimension(1:

real(dp),dimension(1:

real(dp),dimension(1:

real(dp),dimension(1:

@@ -163,6 +157

real(dp), dimension(1l:nvector,l:nvar,1l:ndim): :dq

subroutine traceld(q,dq,gm,gp,dx,dt,ngrid)

do k = klo, khi

do j = jlo, jhi
do i = ilo, ihi
1 cell-centered slopes

call uslope(q,dg,dtdx,i,j,k,ngrid)

do 1 = 1, ngrid

Tine Colman

nvector,iul:iu2, jul:ju2,kul:ku2,l:nvar)::q

nvector,iul:iu2, jul:ju2, kul:ku2, 1:nvar,1:ndim): :dq

nvector,iul:iu2, jul:ju2,kul:ku2,1:nvar,1:ndim): :qm

nvector,iul:iu2, jul:ju2, kul:ku2,1:nvar,1:ndim)::qp

12



CE -

ing the hydro solver
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Optimizing the hydro solver SeAce

Godunov solver Total time Sedov
25
25
20 A 5 4
— .\/. —
R R
2 157 —— S 15-
e} ©
() [
“8’_ —e— unigrid (marenostrum) “8’_
107 - unigrid (meluxina) 10 A
—e— unigrid (discoverer)
5] —* AMR (marenostrum) 5 4
—o— AMR (meluxina)
—eo— AMR (discoverer)
0 T T T T T T T 0 T T T T T T T
1 2 4 8 16 32 64 1 2 4 8 16 32 64
nodes nodes

Tine Colman




MPI + OpenMP implementation SeAce

Shared memory parallelism inside nodes

=> reduce number of MPI domain => reduce number of MPI domain
=> |ess time spent communicating => reduced memory imprint ghost zones
=> improved scalability => reduced memory usage

do loop

0l

MPI MPI i H
proc proc —H —
OpenMP
threads

Caveat: need to add OpenMP everywhere Starting point: RAMSES-yOMP

" TineColman - Yo o T e R . ofes AR ¥y



OpenMP for use-case 1: SEDOV @CE)

sedov 10243 sedov 102432 on MeluXina
® nothreads —&— MPI only
® threads4 —8— 4 threads
® threadss 102 —e— 8 threads
— ideal o — ideal
G)
o 5
> 10! 2
3 g
oy >
£ “
5 101
£
Setup: blastwave 100
. . 100 10! 100 10!
(unlgrld) number of nodes number of nodes

Module: hydro

Results: small improvement in strong scaling
* Godunov solver

L factor x4 decrease in memory on 64 nodes
* communication

Tine Colman




OpenMP for use-case 2: COSMO J Q/TA_CE)

Cosmo on MeluXina

Setup: DM-only (unigrid)

] —— MpPIonly .
MPI + 2 OpenMP .
MPI + 4 OpenMP ; Module: gravity

| —e— MPI + 8 OpenMP

*  Poisson multigrid solver
*  Force calculation

*  Particle-mesh (Cloud-in-cell)

*  Moving of particles

Results on 64 nodes:

x2 faster
10° 1

L . . . . . . scaling 37% — 74%

1 2 4 8 16 32 64

Tine Colman



OpenMP for use-case 3: GALAXY ['4 SeAee

| —e— MPI only

] MPI + 2 OpenMP
MPI + 4 OpenMP
| —s— MPI + 8 OpenMP

109 1

~ Tine Colman

Setup: gas, DM & stars particles
Modules: hydro + gravity + AMR

Results: scaling from awful to less bad




OpenMP in realistic setups SeAce

Star forming galaxy ISM in kpc box Collapsing core
*  Star formation (in test) * Sink formation (to do) *  MHD (done)
Stellar feedback (WIP) *  Sink feedback (to do)
RT (to test)

" Tine Colman



OpenMP for collapse simulations @CE)

levelmax 14
.

2 4 670.81 378.33

403.71 253.45

4000 AU 4 4 466.38 276.15
g 84 418.43 255.08 | E
Physics: MHD, gravity, EOS g S
QE_- 16 4 384.39 267.01 L §
Challenge: deep AMR = o
32135418 25340 (19831 ...
Results i Best config
*  levelmax 14: speedup x2.6 By Pouxs
* |evelmax 20: speedup x4-5 128 4 282.80
factor 10 - 20 less memory needed 0 2 4 8 16 32 64 128

OpenMP threads per MPI

Tine Colman




Benchmark database

= o tinecolman ramses-benchmarks-prototype2

Code Issues  Pullrequests  Agents  Actions  Projects  Wiki More -

4

# main ‘results / (D

!
T

@ tinecolman add results cosmo-amr on meluxina 5c681al -5daysagoe YY)

Name Last commit message Last commit da..

images add results cosmo-amr on meluxina

P

results_collapse_meluxina.md update collapse-mhd results 2 months agc

[ results_cosmo-amr_meluxina.md add results cosmo-amr on meluxina 5 days ago

[ results_cosmo_meluxina.md add results cosmo on meluxina 5 days agc
[Y results_sedov-amr_discoverer.md add sedov and sedov-amr for meluxina and ... 3 weeks ago

[Y results_sedov-amr_marenostrum.md change order of figures 5 days ago IR } Ly ' 7. ; _2.1



Benchmark database

Benchmark: sedov on meluxina

REBEIIPAEE e T IDUOR: Sea Sedov blast wave on a uniform grid benchmark

Cluster info: Ll L0 Benchmark type: Classical, Sedov

On this page:

» Evolution of execution time with code version (figure &
« Strong scaling evolution (figure & table with efficiency)
« [if unigrid] Weak scaling evolution (figure & table with ¢
» [if unigrid] Combination of strong and weak scaling of t
» Optimal MPI-OpenMP configuration (figures)
» Memory usage (figure & table)

(a) Time ¢t = 3.3 x

Description of the setup

This test is a standard hydrodynamical test used for verification and benchmarking of gas

Tine Colman



Benchmark database

Benchmark: sedov on melj

Benchmark description: sedov

—>

Cluster info:

On this page:

 Evolution of execution time with code version (figur]
« Strong scaling evolution (figure & table with efficier
« [if unigrid] Weak scaling evolution (figure & table w
« [if unigrid] Combination of strong and weak scaling|

» Optimal MPI-OpenMP configuration (figures)

» Memory usage (figure & table)

Tine Colman

Info

Hosted by LuxProvide in Luxemburg.

Support email: servicedes 0.IU (create ticket on user portal)

Characteristics

TODO which cpu etc

Access

Applying for time

Time on the MeluXina cluster can be obtained through EuroHP(

Account creation

After the project leader creates an account for you, you will receive an email with your

username and instructions to login to the user portal. The procedure is also detailed here.

v o Ragiar . ™ b I T L0



Benchmark database @CE)

Be n c h m a rk: sed DV 0 n m el uxi n a Evolution of execution time with code version

sedov 1024 on meluxina

Benchmark description:
Cluster info:
On this page:

 Evolution of execution time with code version (figure & table with speedup)

« Strong scaling evolution (figure & table with efficiency)

execution time [s]

« [if unigrid] Weak scaling evolution (figure & table with efficiency)
» [if unigrid] Combination of strong and weak scaling of the latest code releas
» Optimal MPI-OpenMP configuration (figures)

« Memory usage (figure & table)

2024-10 -
2025-05 A
2025-10 -

Tine Colman




Benchmark database @CE)

Be n c h m a rk: sed DV 0 n m el uxi n a Strong and weak scaling of the latest code release (2026-05)

sedov on meluxina

Benchmark description:

Cluster info:

o il

On this page:

« Evolution of execution time with code version (figure & table with speed

« Strong scaling evolution (figure & table with efficiency)

)
£
=
=
]
2y |
c
€ 10
£
G
t
Q
a

« [if unigrid] Weak scaling evolution (figure & table with efficiency)

e [if unigrid] Combination of strong and weak scaling of the latest code r
Resoluti Scali

» Optimal MPI-OpenMP configuration (figures) io ;;Zn _“as'tﬁjng
— 512 == weak

« Memory usage (figure & table) — 1074

10t
number of nodes

Tine Colman



Benchmark database

Benchmark: sedov on meluxina

Benchmark description: sed
Cluster info: m:

On this page:

 Evolution of execution time with code version (figure & table w
« Strong scaling evolution (figure & table with efficiency)

« [if unigrid] Weak scaling evolution (figure & table with efficiend
« [if unigrid] Combination of strong and weak scaling of the late
» Optimal MPI-OpenMP configuration (figures)

» Memory usage (figure & table)

Tine Colman

2024-10

1.000

0.986

0.970

0.954

0.922

0.902

0.822

. ST

o

2025-05

1.000

0.974

0.958

0.943

0.919

0.886

0.805

2025-10
1.000
0.972
0.958
0.947
0.906
0.882

0.776

2026-05

1.000

0.974

0.963

0.944

0.904

0.875

0.737

—

openmp (beta)
1.000
0.980
0.966
0.952
0.922 (MPI=64 OMP=2)
0.888

0.739 (MPI=64 OMP=2)

26



Benchmark database

Benchmark: sedov on meluxina

Benchmark description: sedov
Cluster info: meluxina
On this page:

» Evolution of execution time with code version (figure & table with spee
Strong scaling evolution (figure & table with efficiency)
[if unigrid] Weak scaling evolution (figure & table with efficiency)
[if unigrid] Combination of strong and weak scaling of the latest code 1
Optimal MPI-OpenMP configuration (figures)
Memoary usage (figure & table)

Tine Colman

OpenMP configuration guidelines

The figures below give inside in the behaviour of OpenMP for different resolutions of this
setup. Shows is which MPI - OpenMP configuration is most optimal in terms of execution
time. The data is for the latest OpenMP version (commit e9846974 on branch openmp),
corresponding to the version used for the previous figures.

sedov 256 on meluxina

47.84 25.75 13.69 9.85

23.82 12.76

MPI processes

4 8 16 32
OpenMP threads per MPI




Benchmark database

Benchmark: sedov on meluxina

Benchmark description: sed
Cluster info: m:

On this page:

« Evolution of execution time with cod MPI-only OMP=2 OMP=4 OMP=38 OMP=16 OMP=32 OMP=64 best

» Strong scaling evolution (figure & tal 207.74GB | 198.98GB | 195.07GB  19291GB 191.70GB | 191.00GB @ 190.53GB 91.7%

o [if unigrid] Weak scaling evolution (fi 116.62 GB 10451 GBE = 99.71 GB 97.66 GB 96.85 GB 83.0%

o [if unigrid] Combination of strong an 67.35 GB 58.27 GB 52.29 GB 50.02 GB 49.22 GB FERR

. Mem@r},r usage {ﬁgure & table) 32.88 GB 21.89 GB 16.86 GB 14.63 GB 13.13GB 39.9 %

29.59 GB 16.56 GB 10.94 GB 8.51 GB 7.34GB 24.8 %
33.18 GB 14.89 GB 8.25 GB 5.50GB 4.29 GB 12.9 %




Doing your own benchmarks

———

D/launch_benchmark_suite.sh -c meluxina -b "cosmo" -r "1024" -n "1 2 4" -m "0 4" -1 3

Repository url: https://github.com/tinecolman/ramses

Branch: openmp

Commit hash: e9846974

Benchmark: cosmo

Compile job submitted with Job ID: 4728505

Waiting for compile job to finish...

Compile job completed successfully.

Launched cosmo 1024 on 1 nodes with 128 procs/node and 0 threads/proc [JOB ID 4728529]

Launched cosmo 1024 on 1 nodes with 128 procs/node and 0 threads/proc [JOB ID 4728530]

Launched cosmo 1024 on 1 nodes with 128 procs/node and 0 threads/proc [JOB ID 4728531]
cosmo 1024 on 1 nodes with 32 procs/node and 4 threads/proc [JOB ID 4728532]
cosmo 1024 on 1 nodes with 32 procs/node and 4 threads/proc [JOB ID 4728533]
cosmo 1024 on 1 nodes with 32 procs/node and 4 threads/proc [JOB ID 4728534]
cosmo with and 0 threads/proc [JOB ID 4728535]

29


https://github.com/tinecolman/ramses-benchmarks-prototype2

Summary SeAce

sedov-amr |vI5-10 on marenostrum

RAMSES release 2026.05,
including SPACE optimizations

nodes

OpenMP implementation g 0 D
* DONE: all 3 SPACE use-cases : Bt
% —o— 32

* TODO: stars & sinks p—

64

Benchmark database & scripts

2024-10
2026-05

Y openmp (beta) 4

" Tine Colman
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Release 2026.05 highlights SrAce

S —

Hydro solver optimization Cl/CD improvements Developer documentation
Vectorization & memory access * Many tests added or
10 - 25% speedup updated Structure of the code
* Improvements to the Hydrodynamics

1T x . infrastructure
z 130 1 X *
£ X * Coverage 47 = 64%
2 R X
glOO- % %
B X ¢ ¢ X

80 x

0L , , , , , X

éf Dg ég gg fg £ éé% ?5? Subgrid modelling utilities

Refinement schemes &

Tine Colman




adaptive_loop_
99.95%

Gprof on Cosmo benchmark

amr_step_
97.95%
(0.00%)
e 51x
P
—12.93% 11.55% 0.99%
.
PR 50% Bix

move_fine_ e
12.93%

synchro_fine_ multigrid_fine force fine check_tree
11.55% ; 51.19% ‘ : .38%
(0.42%) | (0.06%) ) ( ) (3.61%)

| )3893506x
51x = : ] 51x 3893653

(0.95%)
50x

11.09% /W 1.10% /0.69% \ 0.85% 8.06% 16.63% 13.65%
< 3342336 51x 51x 51x  \ 306x 224% 224x 1792x :

rho_from_current_level cmp_residual_mg_fine_ restrict_residual_fine_reverse_ make_fine_bc_rhs_ set_scan_flag_fine_ recursive_multigrid_coarse_ gauss_seidel_mg_fine_
11.13% i 2. .10% L 8.06% 13.65%
(0.56%) (6. (2. 5 (0.69%) (0.01%) (13.65%)
51x ‘ : 1344x

maovel sync 1 interpolate_and correct fine
11.99% 11.09% 10.52% 8
(7.43%) (6.51%) 3342336x
3276800x% 3342336x

10528x

cic_amr_ g_coarse_ cmp_residual_mg_coarse_
4.49% 4.58% 10.52% 0.74% : 2. 2.51%
3276800x 3342336> EERELH)] 537285x (4.09%) ; : 1835008%

3342336x 10752x

4.58%
3342336
N\
4 get3cubefather_
& o
(17.82%)
16489665% '

S —

Neighbor searching takes ~20% of the total time




tine get3cubefather(ind cell father,nbors father cells,&
else

Neighbor searching

do ind=1, twotondim

iok=0
o 1 do i=1, 11
Elementary routine used in many e
iok=iok+1
parts Of the COde igd ;?id ok(iok)=ind grid father(1i)
end if
end do
Issue 1: routine determines two results if (i0k>0)&
. . & call get3cubepos(ind grid ok,ind,nbors father ok,nbors grids ok,iok)
(cells and grids), but only one is used |
do j=1,threetondim \\
iok=0 \
. . . do i=1,ncell \
Issue 2: filtering to change to order in el i <= '.
10K=10K+
which cells are processed has non- nbors father cells(i,j)=nbors father ok(iok,j) I
end if
contiguous memory access (and is il J
applied trice!) .
do j=1,twotondim \
iok=0 \
. . do i=1,ncell \
=> refactor for efficiency T e \
iok=iok+1 1
igoricfather grids(i,j)=nbors grids ok(iok,j) I
PR g : ; 5 - : end if /]
TineCO'man b o ek : T s end do /

. end do



broutine get3cubefather(ind cell,nbor cells,ncell,ilevel)
else ¢ ore -

Neighbor searching

130 | do i=1,ncell
pos(i)=(ind cell(i)-ncoarse-1)/ngridmax+1
end do

Solution 1: split routine into two parts

do izi.néell
iskip=ncoarse+(pos(1i)-1)*ngridmax

Solution 2: rewrite to remove if- ind grid father(i)=ind cell(i)-iskip
- end do
statements

call .gétécubepb.s(.ind.grid father.pcé,nbor cells,nceu) .
cosmo profiling Inclusive Time w.r.t. Wall Time(s)

Name Id broutine get3cubefather_grids(ind_cell,nbors_grids,ncell,ilevel)
o : : ylicate

new :Ilélse

gauss_seidel_mg_fine 15.31 15.17
interpolate_and_correct_fine 12.08 12.15 o ot neeth

movel 9.89 9.75 pos(i)=(ind cell(1i)-ncoarse-1)/ngridmax+1
sync 9.32 9.60 end do

mca_btl_vader_poll_handle_frag 9.32 7.83

do i=1,ncell
cic_amr 6.92 6.64 iskip=ncoarse+(pos(i)-1)*ngridmax

cmp_residual_mg_fine 6.23 6.15 ind grid father(i)=ind cell(i)-iskip
gauss_seidel_mg_coarse 4.16 4.03 S
check_tree 4.19 3.97 ha 3 inde ; o e i
get3cubepos 3.85 3.79 call get grids of nbor cells(ind grid father,pos,nbors grids,ncell)

. . - % : = : { oWl o - W BT
THEWRlnan ol e RO e L SRR WZ R, } e S b
: : : " . e : : T A 9 e o - Rt e i '




ine get3cubefather(ind cell,nbor cells,ncell,ilevel)

Neighbor searching

. C do i=1,ncell
pos(i)=(ind cell(i).nc
Solution 1: split routine into two parts | cosmo 1024
—e— meluxina
. . . marenostrum
Solution 2: rewrite to remove if-
statements
cosmo profiling Inclusive Time w.r.t. Wall Time(s) S
. o ] i .____.'______’ -
Nws old new 3 10.0 o
()]
gauss_seidel_mg_fine 15.31 15.17 L
interpolate_and_correct_fine 12.08 12.15 @
movel 9.89 9.75
sync 9.32 9.60
mca_btl_vader_poll_handle_frag 9.32 7.83
cic_amr 6.92 6.64
cmp_residual_mg_fine 6.23 6.15
gauss_seidel_mg_coarse 4.16 4.03
check_tree 419 3.97
get3cubepos 3.85 3.79 call get grl(ls of nbor cells(ind grld father, pos,nbors_grids,ncell)

Tine Colman



o
L]

[OpenMP] dynamic scheduling for particle loops -~ ' openmp /| SPACE

MPI + OpenMP S¢Ace

Openmp misc -~ | openmp || SPACE

OpenMP for the galaxy benchmark v (openmp) (SPAcE Shared memory parallelism inside nodes

Dpenmp for MHD co||apse test -~ | openmp /| SPACE => reduce number Of MPI domain

=> |ess time in MPl communications &
OpenMP for RT (without refinement) -~ ' openmp /' SPACE

reduced memory imprint ghost zones

Openmp make tree fix .~ | bug /| openmp '@ SPACE

=> improved scalability

Starting from RAMSES-yOMP

Openmp in flagging for refinement .~ | openmp |« SPACE

Working version of OpenMP in particles for COSMO (part2) -~ ' openmp /| SPAC Dedicated branCh on RAMSES G|tHU b

adjust omp for set_uold/unew to allow for more than 8 threads -~ ' openmp

[OpenMP] Progress of openmp for cosmo box: poisson multigrid solver ' §

Openmp virtual_boundaries -~ | openmp |« SPACE
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