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What is LUMI?

e 2978 nodes with
e 4 AMD MI250x GPUs
e asingle 64 cores AMD EPYC "Trento"
CPU.
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Overview of a LUMI-G compute node

~ 9x Adastra GPU @ CINES



Accessing LUMI

eurohpc-ju.europa.eu

The European High Performance Computing Joint Undertaking (EuroHPC JU)

Access to Our Research &

Home || About \/ | Supercomputers \/ Supercomputers A Innovation vV

Home > Access to Our Supercomputers > EuroHPC Access Calls

EuroHPC Access Calls

e (GGranted an allocation for the « extreme scale access mode »

e 3,484,000 GPU h allocated on 1 year



The project « turbulent disks »

In collaboration with H. Latter (Univ. of Cambridge, UK)

Vertical Shear Instability Convective Overstability Zombie Vortex Instability
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Outcome: turbulence & vorti

Full disk?
LI EIS . Full disk?

« Compressibility effects?
» Survival with curvature?
* Propagation to the midplane?

Survival of corrugation modes?
Dust settling?
Vortices?

 Impact of vertical stratification?
- Competition with VSI?




The challenge



#1: system stability

Gravity:
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Main: Cycling Time Integrator..
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Main: Reached maximum
Main: Reached t=0.335439

_Main: Completed in 10 minutes
k;Ma1n Perfs are 8. 174090e+10 cell u-dates second
MPT overhead represents 34% of total run time.
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central mass gravitational potential ENABLED with M=1
using 3rd Order (RK3) integrator.
Using adaptive dt with CFL=0.8
will stop after 43.5 hours.

Main: Creating initial conditions.
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#1: system stability (cont’d)

process #1

Gravity: central mass gravitational potential ENABLED with M=1
TimeIntegrator: using 3rd Order (RK3) dintegrator.

TimeIntegrator: Using adaptive dt with CFL=0.8
TimeIntegrator: will stop after 43.5 hours.
Main: Creating initial conditions.

Main: Cycling Time Integrator...
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process #24

Gravity: central mass gravitational potential ENABLED with M=1
TimeIntegrator: using 3rd Order (RK3) tintegrator.

TimeIntegrator: Using adaptive dt with CFL=0.8
TimeIntegrator: will stop after 43.5 hours.
Main: Creating initial conditions.

Main: Cycling Time Integrator...
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time
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#1: system stability (cont’d)

Every 0,1s: rocm-smi -t nid@05705: Sat Mar 2 12:06:08 2024

ROCm System Management Interface
Temperature

Temperature (Sensor edge) (C

Temperature (Sensor junction
GPUI[0Q] : Temperature (Sensor memory)
GPU[0Q] : Temperature (Sensor HBM 0)
GPU[Q] : Temperature (Sensor
GPU[Q] : Temperature (Sensor
GPU[0] : Temperature (Sensor
GPU[1] : Temperature (Sensor edge)
GPU[1] : Temperature (Sensor junctio
GPU[1] : Temperature (Sensor memory)
GPU[1] : Temperature (Sensor HBM 0)
GPU[1] : Temperature (Sensor HBM 1)
GPU[1] : Temperature (Sensor HBM 2)
GPU[1] : Temperature (Sensor HBM 3)
GPU[2] : Temperature (Sensor edge)
GPU[2] : Temperature (Sensor junctio
GPU[2] : Temperature (Sensor memory)
GPU[2] : Temperature (Sensor HBM 0) (
GPU[2] : Temperature (Sensor (
GPU[2] : Temperature (Sensor (
GPU[2] : Temperature (Sensor (
GPU[3] : Temperature (Sensor edge) (C
GPU[3] : Temperature (Sensor junction
GPU[3] : Temperature (Sensor memory)
GPU[3] : Temperature (Sensor HBM 0)
GPU[3] : Temperature (Sensor HBM 1)
GPU[3] : Temperature (Sensor HBM 2)
GPU[3] : Temperature (Sensor HBM 3)
GPU[4] : Temperature (Sensor edge)
GPU[4] : Temperature (Sensor junctio
GPU[4] : Temperature (Sensor memory)
GPU[4] : Temperature (Sensor HBM 0)
GPU[4] : Temperature (Sensor
GPU[4] : Temperature (Sensor
GPU[4] : Temperature (Sensor
GPU[5] : Temperature (Sensor edge)
GPU[5] : Temperature (Sensor junctio
GPU[5] : Temperature (Sensor memory)
GPU[5] : Temperature (Sensor HBM 0)
GPU[5] : Temperature (Sensor
GPU[5] : Temperature (Sensor
GPU[5] : Temperature (Sensor
GPU[6] : Temperature (Sensor edge)
GPU[6] : Temperature (Sensor junctio
GPU[6] : Temperature (Sensor memory)
GPU[6] : Temperature (Sensor HBM 0)
GPU[6] : Temperature (Sensor HBM 1)
GPU[6] : Temperature (Sensor HBM 2)
GPU[6] : Temperature (Sensor HBM 3)
GPU[7] : Temperature (Sensor edge)
VA : Temperature (Sensor junctio
GPU[7] : Temperature (Sensor memory)
GPU[7] : Temperature (Sensor HBM
GPU[7] : Temperature (Sensor HBM
GPU[7] : Temperature (Sensor

: Temperature




#1: system stability (end)

 On some GPUs, the cooling was inefficient (growth of « biology » in the pipes = algae)
* TJo avoid overheating, these GPUs were slowed down automatically by the system.
 The MPI processes running on those « hot » GPUs were always lagging behind

* All the other processes had to wait for the hot one to finish their task

* MPI overhead was increasing on every processes but the hot ones
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Addition of an MPI balance diagnostic in ldefix, to quickly identify these problems.
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#2 file size

2T Mar 29 22:13 data.0017.vt
2T Apr 6 00:10 data.0018.vt
2T Apr 23 04:52 data.0019.vt
2T Apr 25 17:49 data.0020.vt
.2T May 4 22:06 data.0021.vt
.2T May 11 23:29 data.0022.vt
2T May 29 17:21 data.0023.vt
2T Jun 11 06:51 data.0024.vt
.2T Jun 23 06:52 data.0025.vt

 VTK files are typically above 1TB f
(NB: idefix is efficient: ~320s to write one of the above VTK file)

—rw-rw-—--
—rw-rw-—--
—rw-rw-—--
—rw-rw-—--
—rw-rw-—--
—rw-rw-—--
—rw-rw-—--
—rw-rw-—--
—rw-rw-—--

lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
lesurg l-1pag
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 How to open such a large file? (Paraview won’t, unless with a lot or RAM)

 \We don’t have the ressources to directly load these files...

Solution: on-the-fly VTK slices (i.e. 2D slices of the 3D domain). See this afternoon
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#3 node failure

MPICH ERROR [Rank 3284] [job 1d 6471201.0] [Mon Mar 25 16:22:20 2024] [ni1d006342] - Abort(1009397903) (rank 3284 in comm
error in PMPI_Waitall: Other MPI error, error stack:

PMPI_Waitall(378)..............: MPI_Waitall(count=2, req_array=0x14bf148, status_array=0x7ffe3211d520) failed

MPIR Waitall(l67) . eeennnnns

MPIR Waitall_impl(51)..........:

MPID_Progress_wait(201)........:

MPIDI_Progress_test(97)........:

MPIDI_OFI_handle_cq_error(1067): OFI poll failed (ofi_events.c:1069:MPIDI_OFI_handle_cq_error:Input/output error - UNDEL:

srun: error: Node failure on nid0O5989
srun: Force Terminated StepId=6471201.0

slurmstepd: error: ***x JOB 6471201 ON ni1d005280 CANCELLED AT 2024-03-25T16:29:07 DUE TO NODE FAILURE, SEE SLURMCTLD LOG |
* k%

... this happens a lot



#3 node failure (cont’d)

After 2 months of intense exchange with LUMI support:

I have been discussing failure rate with the SysAdmins team and i1t 1is
approximately 3 random GPU node failures per day observed (there are almost
3000 GPU nodes in total). This rough statistics gives at least some
understanding of expected level of reliability or mean time to failure. I have
been also again instructed these failures do not share any common
characteristics. In other words, current diagnosis i1s "bad luck".

In other words, a job running on 1000 GPUs for 24h is expected to fail

.......

Solution(s):
- self-erasing dump files (but not satisfactory: significant |/O overheads)
- I[defix should rely on a resilience library (e.g. kokkos resilience): is it enough?
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VSl=vertical shear instab
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Figure 1. Basic state for the locally isothermal disc with g = —1, p = —1.5 and ¢y = 0.05. The left-hand panel shows a contour plot of €2 on the (R, z) plane.
The middle panel is a similar contour plot, but this shows the magnitude of the vertical shear 9,(R€2), which has a maximum at |z| ~ 1 (whereas the scaleheight
at the 1nner radial boundary 1s 0.05). The right-hand panel shows the density p.

y180.02). Therig P > [Barker & Latter 2015]

T xR ¢

linear growth rate: o ~ |0,(R)| ~ €|q|S2,



A high resolution VSI run

|defix code on AMD Mi250 GPUs
(LUMI, Finland)

/0pts/H, 3 directions
High order reconstruction (LimO3)

Fargo scheme

Large aspect ratio (R, ./ R; =25)

out

4 dust size (pressure less fluid)




Time=4869.5693
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Average properties

a and Kinetic energy
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Accretion rate
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Wave pattern

 \We recover large-scale mean corrugation pattern seen in 2D!
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Turbulence

RMS turbulent velocity @ 3H
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Mean vertical velocity @3H
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Time

=4926.6704




Dust settling

1071 1

g
T
1072 -

=== Hgas/r

Hasto/r

— Hast1/r

10-3 - — Hast2/r

3 — Hyst3/r

100 101
R

Settling under-estimated in the innermost regions.

No radial dependence?



Conclusion

e |defix runs efficiently on pre-exascale European machines. However:

 These machines are very sensitive to heating problems, leading to reduced
performances and imbalanced computations

* The failure rate is high, impacting significantly the runs when using more than
100 nodes (+1000GPUs)

* File size is NUQeE

o But eventually, it works :-)



