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URGENT COMPUTING

Links the advantage on:

- COMPUTING CAPACITY
-  OPTIMIZED SIMULATION CO

-  DATA AVAILABILITY
- HPDA, ML

1. The computation operates under a strict deadline
after which the computational results may have little
practical value.

2. The onset of the events that need the
computation is mostly unpredictable.

3. The computation requires significant
computational resource usage.
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URGENT COMPUTING FOR NATURAL HAZARDS venowsm-lpc

Earthquakes and tsunamis are unpredictable
and devastating events that can have
catastrophic socioeconomic impacts.
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Towards providing information on the
impact and potential damages

immediately after the occurrence of an
extreme event.
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Pillar Ill: Urgent computing for natural hazards
Earthquakes and Tsunamis

The development of UC workflows for earthquakes
and tsunamis involves the deployments of advanced
tools and developments of complex tasks to
ultimately bring them to an operational level.




Challenges venowsm-npc

e Obtaining high-resolution Earth models (velocity models that
define the properties of the subsurface).

e Rapidly constraining source parameters and accurately
estimating the impact of parameter variations in the outcome of
simulations, i.e. sensitivity to parameter uncertainties.

® Ensuring fast and reliable results with urgent access to
computational resources and smart management of all
workflow components.



Software Stack VeFlows4HPC

eFlows4HPC Software Stack
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Natural hazard workflows and components VeFlows4HPc

e  Workflows involved: e  Software Stack Components used:

o DA and ML: Dislib, EDDL, Ophidia

o HPCKernels: Salvus, HySEA

o HPC, DA & ML Compositions: PyCOMPSs

Software stack UCIS4EQ PTF/FTRT
MLESmap
components Workflow Workflow

° Tsunami: PTF

e  Earthquakes: UCIS4EQ, MLESmap

HPC Workflows PyCOMPSs
ML / Al dislib dislib EDDL p LJ
EDDL
Data Ophidia

Analysis




Deployment with HPC Workflows as a Service (HPCWaa$) eFlows4HPC

HPCWaas:

*  TOSCA: description of the workflow
*  Alien4Cloud: development interface
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Earthquake workflows

UCIS4EQ
MLESmap



Urgent Computing Integrated Services for Earthquakes
UCIS4EQ workflow



Urgent Computing for Seismic simulation venowsmpc

Resilience Workflow: to provide fast outcomes using a fully automatic workflow

3D-physics based seismic
simulations:

e  Full time-histories

iiii‘ e  Uniform sampling in space
[T e Sensitive in different ways
..,=’. to uncertainties than

u current approaches

S ALV U S T i The high resolution of this

IMAGE EVERYTHING
approach can complement the
information of the GMM.

analysis pre-processing HPC post-processing
simulations
. Launch in supercomputer
Source location Fi
. L ilter data
Magnitude estimation .
Grid generation Build maps
A E f Uncertainty quantification
sk lorresources Reach conclusions

minutes / hours



UCIS4EQ: Urgent Computing Integrated Services for Earthquakes

External acquisition

v eFlows4HPC
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PyCOMPSs orchestration of microservices VeFlowsm-ch

- PyCOMPSs adapted to the micro-services design structure and integrated
into UCIS4EQ.
- PyCOMPSs has been extended with the @http decorator. It allows

developers to define a task that performs an HTTP request

@on_failure(management="CANCEL_SUCCESSORS')
@http(request="POST", resource="Graves-Pitarka", service_name="slipgen",
payload='{ "event" : {{alert}}, "id" : {{event_id}}, "CMT" : {{cmt}}, \
"trial" : "{{path}}", "region": {{region}}, "setup" : {{setup}}, \
"resources" : {{resources}} , "ensemble" : "{{ensemble}}" }',
produces="'{"result" : "{{return_0}}"}")
@task(returns=1)
def compute_graves_pitarka(event_id, alert, path, cmt, region, setup, resources, ensemble):
pass




HPC Workflow implemented in PyCOMPSs

PyCOMPSs workflows to orchestrate
different HPC executions

Before:

— every execution in the HPC system was performed in a
separate service call with its corresponding overhead

— every system has its own job scheduler, the original UCIS4EQ
workflow implements a set of adaptors to submit the job in the
HPC schedulers of every machine

Now:

—> This Workflow is called from the microservices workflow
which submits the HPC Workflow using the PyCOMPSs queuing
scripts which already supports different schedulers that has
the same execution interface

- slipgen which runs the slip generation using a singularity
image

- salvus_prepare and salvus_post which executes the Salvus
preprocessing and postprocessing as normal python
tasks,

- and salvus_run which performs the simulation with Salvus
defined as an MPI application

eFlows4HPC

@container (engine="SINGULARITY", image="$SLIPGEN_IMAGE", options="-e --bind {{workingdir}}:/workspace/ --pwd /workspace")
@binary(binary="/opt/scripts/launcher.sh", args="-o rupture --dt {{dt}} -v {{fk_file}} -s {{input_src}}" , working_dir="{{workingdir}}")
@task(input_src=FILE_IN, fk_file=FILE_IN, workingdir=DIRECTORY_INOUT)
def slipgen(input_src, dt, fk_file, workingdir):

pass

@task(input_data=FILE_IN, rupture=DIRECTORY_IN, salvus_setup=FILE_IN, working_dir=DIRECTORY_INOUT)
def salvus_prepare(input_data, rupture, salvus_setup, working_dir):

rupture_file = rupture + "/scratch/outdata/rupture/rupture.srf"

os.chdir(working_dir)

pre_process(input_data, rupture_file, salvus_setup, working_dir)

@mpi(runner="mpirun", binary="$SALVUS_BINARY", args="compute {{prepare_path}}/salvus_input_rupture.toml", processes="$SALVUS_PROCESSES" ,
processes_per_node= "$SALVUS_PPN", working_dir="{{working_dir}}")
@task(prepare_path=DIRECTORY_IN, working_dir= DIRECTORY_INOUT)
def salvus_run(prepare_path, working_dir):
pass

@task(UC_input = FILE_IN, salvus_setup= FILE_IN, grid_coordinates= DIRECTORY_IN, simu_folder=DIRECTORY_IN, output_path=DIRECTORY_INOUT)
def salvus_post(UC_input, salvus_setup, grid_coordinates, simu_folder, output_path):

process_outputs_grid( UC_input, salvus_setup, grid_coordinates, simu_folder, output_path=output_path)
if __name__ == "__main__":

slip_id, input_path, salvus_setup, slip_input_src, region_fkld, dt = parse_arguments()

slipgen_dir, salvus_wrapper_dir, salvus_dir, salvus_post_dir = create_output_dirs()

slipgen(slip_input_src, dt, region_fkld, slipgen_dir)

salvus_prepare(input_path, slipgen_dir, salvus_setup, salvus_wrapper_dir)
salvus_run(salvus_wrapper_dir, salvus_dir)

salvus_post(input_path, salvus_setup, salvus_wrapper_dir, salvus_dir, salvus_post_dir)




UCIS4EQ Inputs VeFlows4HPC

Simulations are sensitive to model inputs

- Earth models (HPC or remote repository)

&= UCIS4EQ requires reliable Earth models for the forward
o modelling of ground motions.

- The second generation Collaborative Seismic Earth Model
- (CSEM) — a multiscale global tomographic Earth model that
[ incorporates a range of local-, regional- and global-scale updates

— has been integrated into the UCIS4EQ workflow




UCIS4EQ Inputs venowsmpc

- Ensemble methodologies

Statistical based on historical events Probabilistic approach: SeisEnsMan
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UCIS4EQ Inputs venowsmpc

Receivers

Kinematic finite-fault

Rupture Model for rupture.srf
Avg/Max Slip = 94/296

Down Dip (km)

Along Strike (km)

[ |

0 70 140 210 280
Slip (cm)

Selecting the stations and the receivers Generating the kinematic finite-fault history
on the simulation domain. using the Graves-Pitarka rupture code




UCIS4EQ Front-end -- GU

Portal
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Northern Peru [Land: Peru] hev 7.6 4.43672 76.7883 108594 28/11/2021, 10:52:13 1105.93

NORTHERN PERU RIS 7.5 4.4528 76.8109 126000 28/11/2021, 10:52:14 1105.93

scenc 7.5 4.4898 76.8461 112480 28/11/2021, 10:52:13 1105.93

Northern Peru GEOFON 7.2 4.426 76.758 101900 28/11/2021, 10:52:13 1105.93
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UCIS4EQ Portal
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B ChEESE REIECTED  ast tusa Tenggara T T T 73

4 61e539ec739c122603c9037
REJECTED Lauten 7.58 127.57 7.27 7.3 7.27 7.3 4 61e539ec739c122603¢903a8
REJECTED Loreto Daten Del Maranon  -4.45 76.8 7.42 7.6 7.42 7.6 4 61e539ec739c12a603¢903a9
LAUNCHED ~ North Aegean Nomos Samou 37.92 26.79 7 7 7 7 1 61e53a97739c120603c903ae

By oFlows4HP

EventDomains SUCCESS 2022-01-17 09:44:55 2022-01-17 9:44:55
CMTInputs SUCCESS 2022-01-17 09:44:55 2022-61-17 9:44:55
ComputeResources SUCCESS 2022-01-17 09:44:55 2022-01-17 9:44:55
CHTCalculation SUCCESS 2022-01-17 09:44:55 2022-61-17 9:45:06
SourceType SUCCESS 2022-01-17 €9:45:06 2022-61-17 09:45:06
SlipGenGP SUCCESS 2022-01-17 09:45:06 2022-01-17 09:46:44
InputParanetersBuilder SUCCESS 2022-01-17 09:46:44 2022-01-17 09:46:44
SalvusPrepare SUCCESS 2022-01-17 09:46:44 2022-01-17 69:49:602
SalvusRun RUNNING 2022-01-17 09:49:02
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WISE  eE  musE  2rO0E
A preview of the magnitude of the
(unfiltered) velocity field.




UCIS4EQ -- Use cases venowsmpc

- Mediterranean Sea:
- 2017 M6.6 Kos-Bodrum earthquake, 120 km x 100 km
- 2020 M7.0 Samos-lzmir earthquake, 140 km x 110 km

- lceland:
- 2000 (June 17) M6.4 SISZ earthquake, 135 km x 85 km domain
- 2000 (June 21) M6.5 SISZ earthquake, 135 km x 85 km domain

- México:
- 2017 M7.1 Puebla earthquake, 200 km x 150 km



Mediterranean Sea

Mw 7.0 Samos-lzmir, 2020

Off-shore the North coast of Samos Island in the eastern Aegean Sea

2020-10-30 11:51:27 (UTC)
118 fatalities, ~ 100 injuries, collapse of structures

Local high-intensity effects, Tsunami run-up
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Source: https://earthquake.usgs.gov/earthquakes/eventpage/us7000c7y0/shakemap/pga



Mw 7.0 Samos-lzmir, 2020 venowsmpc

UCIS4EQ configuration

e 4,012,250 number of mesh elements

e Domain: 110km in longitude, 140km in
latitude, and 35km in depth

e Upto5H:z

e 22 simulations in the ensemble

e 90 GPUs (Piz Daint) per WF execution



Use cases: Mw 7.0 Samos-lzmir, 2020 eFlows4HPC

e 1h20m wallclock per WF execution
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Use cases: Mw 7.0 Samos-lzmir, 2020 eFlows4HPC
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Use cases: 2000 doublet SISZ earthquakes

M. 6.5, 17/06/2000

Lat: 63.982

Lon: -20.34¢

Depth: 6.3 km

Focal mechanism:
{strike:273 , dip:74, rake:-3}

Mw6.4,21/06/2000

Lat: 63.98

Lon: -20.70¢2

Depth: 5.1 km

Focal mechanism:
{strike:271 , dip:77, rake:-5}
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Source: Shake map for the two June 2000
earthquakes in South Iceland in Bessason,
B., Bjarnason, J. 0., & Rupakhety, R.
(2020)..




Mw 6.4, 21/06/2000 @ eFlows4HPC

e 14 simulations
e 44m wallclock per execution of WF

e 90 GPUs (Piz Daint) per execution

e 4,400,001 number of mesh elements
Domain: 127km in longitude, 84km in latitude, and 25km in depth

e Upto5Hz
.3s horizontal max. [cm/s?]
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w —
22°00'W 21°30'W 21°00'W 20°30'W 20°00'W 19°30'W

T —

|
1
0.0 159.9 319.8 479.7 639.6 799.5 959.4 1119.31279.21439.1 1599.0

22°00W  21°30W  21°00'W  20°30'W  20°00W  19°30'W
—_—
0.0 337.5 675.0 1012.51350.01687.52025.02362.52700.03037.53375.0




Mw 6.4, 21/06/2000
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UCIS4EQ conclusions venowsm-npc

- Successful end-to-end executions of the UCIS4EQ
using PyCOMPSs workflow manager

- The results are encouraging, with synthetics
reproducing the right orders of magnitude observed
in the recorded data.

- When well-calibrated, our results could
complement or replace GMPEs for rapid hazard
assessment.



Machine Learning based Estimator for ground Shaking maps

MLESmap workflow prototype



Machine Learning based Estimator for ground Shaking venowsm-lpc
maps (MLESmap)

Developing a novel methodology based on analogous ML models trained by a
large data set of physics-based seismic simulations to fast-generate intensity
maps in a given region few seconds after an earthquake occurs.



ML MethOdOIOgy v eFlows4HPC

: 2 features: {
Data preparation 4 "Site Lat", “Site Lon",

/ Data extraction "MagnitUde"’

3 "EQ Lat","EQ Lon","EQ Depth",
"Distance EQ-Sta", "Azim_EQ-Sta" }
I target: "PSA"
. |
Regression
Earthquake simulations

| l

. Random Forest — dislib
. \ Neural Network — keras
Modeling 5

Validation




Physics-based dataset VeFlows4HPC
Los Angeles basin, Southern California (EEUU)

Recording stations (sites) Fault systems e CyberShake 15 4
253 Sites

e 225 Sources (faults or
faults segments)

e 2.857.860 observations
(seismic scenarios) per

site
e Total of 721.687.578
N _: events



https://strike.scec.org/scecpedia/CyberShake_Study_15.4

MLESmap on synthetic unseen example eFlows4HPC
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Test results on synthetic EQ

target RF DNN GMPE

RotD50 [cm/s?]
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Synthetic EQ of
magnitude 8.05



MLESmap workflow venowsmpc

MLESmap workflow h. ZFiTE
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MLESmap models integrated into UCIS4EQ vep|ows4|.|pc
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MLESmap workflow offline phase

v eFlowsaHPC

MLESmap workflow
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MLESmap workflow offline phase VeFlows4HPc

CyberShake WORKFLOW

CyberShake generates the database from physics-based seismic scenarios. The number of synthetic seismograms

depend on the number of stations and the number of faults to be simulated.

Computer resources per each station

| | | St | | | Stages CPU's Node Tasks Runtime
VELOCITY MODEL SEISMOGRAM DATA PRODUCT - i
=3 COMPUTATION =3 Pre-SGT 18 1 1 1 min
| UCVM | | AWP | | SYNTHESYS | GENERATION pre-AWP ” . 3 -
- AW 4 D <
| KINEMATIC | Kinematic rupture generation l AWP_X 576 12 576 20 min
RUPTURE | -~ 3 : AWP_Y 576 12 576 20 min
GENERATION il
| Il ﬁ post-X 18 1 1 10 min
m\;»s, R, & ;l(]rkl\ 1./0\.” Seismogram o post- Y 18 1 1 10 min
Seismological Research Letters, s = 5
bHENOMENA B6(LLNL-JRNL-711227) Hazard map 5 run_DS 576 12 288 5 min




MLESmap -- Study area
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Iceland is the most seismically
active region in northern Europe,
due to its location on the Mid-Atlantic
Ridge, which along with the Icelandic
hot spot, is responsible for the
tectonics and its active seismicity and
volcanism

The largest earthquakes in Iceland
occur within the two transform fault
zones in the country, the South Iceland
Seismic Zone (SISZ) and Reykjanes
Peninsula Oblique Rift (RPOR)

The SISZ is characterized by the
bookshelf faulting model containing
seismogenic strike-slip N-S striking
faults



MLESmap data generation

depend on the number of stations and the number of faults to be simulated.

84N

o

23w =W 21w 2000 9w

Location map of the synthetic seismic stations and the location of the faults 593 Synthetic Stations and 16633 events

Computer resources per each station

v eFlows4HPC

CyberShake generates the database from physics-based seismic scenarios. The number of synthetic seismograms

Stages CPU's Node Tasks | Runtime
Pre-SGT 18 1 1 1 min
pre-AWP 18 1 1 158
AWP_X 576 12 576 20 min
AWP_Y 576 12 576 20 min
post-X 18 1 1 10 min
post-Y 18 1 1 10 min
run_DS 576 12 288 5 min




Preliminary results on SISZ region venowsm-npc
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MLESmap conclusions venowsmpc

- MLESmap: towards the combination of physics-based data
and ML engine to fast estimate the ground shaking
intensity using EQ information available shortly after the

event



Tsunami workflow
PTF (Probabilistic Tsunami Forecast)

Content
- introduction and motivation
- workflow description: technical and
scientific improvements
- further developments



Introduction of the PTF workflow
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Introduction of the PTF workflow
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First end-to-end version of PTF orchestrated with PyCOMPSs

Long HySea simulation ©tasks
term

data: . . .
faults,

seism.. . . .

v

w
‘HH N
@task2
Scenarios =
list t2| @task5 tn
Ensemble V Y etask7 Y
manager Regular results merging
@taskl and PTF aggregation

Scenarios A A A
probability | I |

_> PtO Ptfm
Updated probabilities

4 4 4

t°: Event data t™: Focal tY: Tsu
(Magnitude + Position) mech -nami obs.

Pttsu

Real-time data

Intermediary
PTF results:
Convergence check

Yes

v

Alert level
Results visualisation

@taskl: python script
Scenarios and probability list

@task2: binaries (.sh files)
Preparation of output folders and
parameters text files for HySea simulation

v

Loop on the list of scenarios:

@task3: mpi task
HySea binary
NetCDF output in each
scenario's folder

@task4: python script
First post processing
of individual scenario's output

+ update of a shared file
(Commutative)

eFlows4HPC

PyCompss
Workflow

Every N scenarios added
to the shared file:

f @task5: python script
Second postprocessing of
the N scenarios outputs

option activated by a data listener

@task6: python script
(FM or Tsunami data)

@task7: python script
Aggregation of the N scenarios
results and prob to create
hazard curves
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PyCOMPSs workflow
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PyCOMPSs workflow: Stepl, ensemble manager eFlows4HPC

Referenced ensemble ~—_
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eFlows4HPC

PyCOMPSs workflow: Stepl, ensemble manager

Long
term
data:
faults,
seism..

v

Scenarios

list

Ensemble
manager

Scenarios
probability

L1

4

t%: Event data
(Magnitude + Position)

Real-tim

PyCompss workflow

@taskl: python script
Scenarios and probability list

@task2: binaries (.sh files)
Preparation of output folders and parameters text files for HySea simulation



PyCOMPSs workflow: Step2, HySea simulations

Integration of HySEA in the workflow
and mpi-mc parallelisation

PyCompss calls the HySEA binary task
in several nodes in parallel. Each task
runs a single job to the queue system
that implicitly carries out the parallel
execution of a predefined number of
simulations dividing into internal jobs,
and allowing the traceability of each
processes involved to be observed.

, eFlows4HPC

|launch_hysea_pycompss.build_structure

I launch_hysea_pycompss.mpi_func

!

Lorito et. al, 2021

0.4

0.3

0.2

0.1



PyCOMPSs workflow: Step2, HySea simulations VeFlows4HPC

@task3: mpi task
HySea binary
NetCDF output in each
scenario's folder

@taska4: python script
First post processing
of individual scenario's output

+ update of a shared file
(Commutative)




PyCOMPSs workflow: Step3, post-processing of the output eFlows4HPC

Every N scenarios added
to the shared file:

. Loop on the list of scenarios:
n

/ @task5: python script
Second postprocessing of
the N scenarios outputs

@task3: mpi task
HySea binary
NetCDF output in each
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:' """"""""""""" ]
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@task6: python script |
i Update of the probabilities ; Je
. (FM or Tsunami data) !

Regular results merging
and PTF aggregation

A A

@task4: python script
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results and prob to create
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PyCOMPSs workflow: Step3, post-processing of the output eFlows4HPC

a simulation

Every N scenarios added
to the shared file:

. Loop on the list of scenarios:
n

gl LB 0L

/ @task5: python script
Second postprocessing of
the N scenarios outputs

@task3: mpi task
HySea binary
NetCDF output in each
scenario's folder

option activated by a data listener
:' """"""""""""" ]
1]
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Regular results merging
and PTF aggregation

A A
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First post processing
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@task7: python script
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e
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(Commutative)

PtO Ptfm Pusu
Updated probabilities




Regular results merging
and PTF aggregation
A

A A\

R B A

P:o Ptfm Pusu

Updated probabilities

PyCOMPSs workflow: Step3, post-processing of the output

eFlows4HPC

Loop on the list of scenarios:

@task3: mpi task
HySea binary
NetCDF output in each
scenario's folder

@task4: python script
First post processing
of individual scenario's output

+ update of a shared file
(Commutative)

Every N scenarios added
to the shared file:

/ @task5: python script

Second postprocessing of

the N scenarios outputs
option activated by a data listener

e .
1
'

@task6: python script

E (FM or Tsunami data)

i Update of the probabilities i r—
H

@task7: python script
Aggregation of the N scenarios
results and prob to create
hazard curves

R e




eFlows4HPC

PyCOMPSs workflow: Step3, post-processing of the output

Post-Processing in 2 steps with python scripts or using Ophidia

STEP3 is implemented with 2 python scripts, one running after each simulation, and one running when all simulations are
completed. The use of the Ophidia framework avoid generating required continuous 1/O operations from disk to save and then

retrieve the outputs for the final merging phase.

Long
term
data:

seism..

) A

@task2

faults, /]
e
)

HySea simulation @tasks
H'E NN

Scenarios \

t2| @task5 tn

\

PTF files with bash scripts:
- rought output of each simu
- postprocessed file of each simu
- merged file of all postprocessed
file for each group of simu

PTF files with Ophidia:
- rought output of each simu
- merged file of all postprocessed
file for each group of simu

The intermediate postprocessed
results are stored in memory
under the shape of datacubes.

list
No
2 Intermediary
2 i
manager Reagnl.:’lapr.rr: sal:;?_ezgzig;:g —>| PTF results:
@taskl Convergence check
Scenarios A A A Yes
probability *
_l> Pto Pﬂm Pttsu
Updated probabilities
* ot :6 Z * Alert level
as Results visualisation
t% Event data t™: Focal tsU: Tsu
(Magnitude + Position) mech -nami obs.
Real-time data
——— oo g ——e———
tfm thu

Indicators Computation

Scenario

° m

This figure shows the PyCOMPSs tasks graph generated at the end of the workflow.




PyCOMPSs workflow: Data-driven update of the PTF eFlows4HPC

Loop on the list of scenarios:
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PyCOMPSs workflow: Data-driven update of the PTF VeFlows4HPc
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PyCOMPSs workflow: Data-driven update of the PTF veFlows4HPC

Use of new incoming information to update the scenarios’ probabilities

After the post-processing step and before the aggregation step, two tasks can be optionally (listener/parameter?) activated and
allow a re-weighting of the probabilities based on information on the earthquake or the tsunami

One task takes into input data on the earthquake focal-mechanism and the second one takes into input the tsunami
observations (tide-gage records)

Ensemble initial prob Ensemble kagan prob
o0 o090 e oo
Focal mechanism (Kagan angle) Tsunami data 00000 o0 00O
o0 o o000
00000 e 00
® 0 00000
Kagan Angle

=

Ensemble updated prob

¢ s
soogie o W T e e e e e e
—— eo0ceeo
THE 06 FEBRUARY 2023 (01:17 UTC) KAHRAMANMARAS -2
EARTHQUAKE, SOURCES OF WATER MOTIONS AND i
TSUNAMI; A PRELIMINARY ASSESSMENT, i ‘ . . . .
Ahmet Cevdet Yalciner et al. 2023 bey -




PyCOMPSs workflow: Data-driven update of the PTF eFlows4HPC

Use of new incoming information to update the scenarios’ probabilities
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PyCOMPSs workflow: Step3, intermediate evaluation of the PTF eFlows4HPC
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PyCOMPSs workflow: Step3, intermediate evaluation of the PTF eFlows4HPC
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PyCOMPSs workflow: Step3, intermediate evaluation of the PTF eFlows4HPC
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STEP 4 — Aggregation, calculation of the hazard curves eFlows4HPC

Intermediate PTF results delivery

* A PyCompss commutative shared file allows the calculation of the intermediate/partial PTF hazard curves based on the available
completed simulations and based on a predefined number N (every 100 scenario for example)

*  Monitoring of the results: the failed simulations and the convergence of the results are monitored through the creation of
different files.

' conv_file.txt
u Nb Mean Var

u 110 ©.619685 ©.063672
' 20 0.016520 0.052625

el 30 0.017676 0.058008
Conv_bou_50_ Conv_bou_60_ Conv_bou_70_ Conv_bou_80_ Conv_bou_90_ 40 0.016902 0.054563
scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png 550 6.016640 ©.053382

60 0.017121 0.054338
76 ©.617426 6.655758

80 0.017436 6.056678

" ju 90 0.017133 0.054667

- ) + 100 0.016775 0.052910

Conv_bou_10_ Conv_bou_20_ Conv_bou_30_
scenarios.png scenarios.png scenarios.png

! VM =V M | A IV A IV | A u -V 1 110 6.016838 0.053351
i Ferbberi el il e e 120 0.016680 0.052805
Conv_bou_110_ Conv_bou_120_ Conv_bou_130_ Conv_bou_140_ Conv_bou_150_ Conv_bou_160_ Conv_bou_170_ Conv_bou_180_ 130 0.016882 ©.653854
scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png et tio e

150 6.017611 6.053979
16160 0.017426 .055319
17170 0.017834 0.856664
180 ©.017964 6.056869
190 0.017836 0.056807
- t 260 0.017737 0.656587
Fmy S e STE AT (I 210 0.017462 0.055572
Conv_bou 240_ Conv_bou 250_ Conv_bou 260_ Conv_bou 270_ Soolo pizsis plocoss
scenarios.png scenarios.png scenarios.png scenarios.png 239 0.017458 0.055412
24240 0.017248 0.654687
250 0.017443 0.055113
260 0.017338 0.655023
270 0.017098 0.054295
280 0.017223 0.054679
[l 290 0.017228 6.054623

Conv_bou_280_ Conv_bou_250_ Conv_bou_300_ Conv_bou_310_ Conv_bou_320_ Conv_bou_330_ Conv_bou_340_ Conv_bou_350_ Conv_bou_360_ ol Ll e
Scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png i sl e
330 0.016827 0.053031
340 ©.016817 0.053000
350 0.016743 0.052754
360 0.016610 0.052235
37 370 ©.016516 ©.051909
380 0.016768 0.052685
9390 0.016737 0.052766
400 0.016622 ©.052415
410 0.016685 6652604
420 0.016666 ©.052568
430 0.016566 0.052198
440 ©.016624 ©.052511

5 450 0.016587 ©.052321
46 460 ©.016585 ©.052307
470 ©.016568 ©.052282
480 0.016542 0652271
490 0.016431 ©.051900
500 0.016514 0.052024

Conv_bou_190_ Conv_bou_200_
i

Conv_bou_230_
scenarios.png

Conv_bou_370_ Conv_bou_380_ Conv_bou_390_ Conv_bou_400_ Conv_bou_410_ Conv_bou_420_ Conv_bou_430_ Conv_bou_440_ Conv_bou_450_
scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png

1.460_ Conv_bou_470_ Conv_bou_480_ Conv_bou_490_ Conv_bou_500_ conv._file.txt
scenarios.png scenarios.png scenarios.png scenarios.png scenarios.png




PyCOMPSs workflow

term 3
data: . .

faults,

seism.. . .

— |m
AL

Long HySea simulation

Regular results merging
and PTF aggregation

A

Intermediary
PTF results:

Convergence check

Scenarios | i | =———F—
list i2
Ensemble \l
manager
Scenarios A A
probability

; pto Ptfm

Updated probabilities

Pttsu

Yes

v

4 A

4

t%: Event data

t™: Focal
(Magnitude + Position) mech

™ T5u

-nami obs.

Alert level

Results visualisation

Real-time data

eFlows4HPC

PyCompss workflow

@taskl: python script
Scenarios and probability list

@task2: binaries (.sh files)

Preparation of output folders and parameters text files for HySea simulation

Loop on the list of scenarios:

@task3: mpi task
HySea binary
NetCDF output in each
scenario's folder

@task4: python script
First post processing
of individual scenario's output

+ update of a shared file
(Commutative)

tl: Int. PTF
(N scenarios)

Every N scenarios added
to the shared file:

ﬂ @task5: python script
Second postprocessing of
the N scenarios outputs

option activated by a data listener
eyt rrtpepad it -
'
'

@task6: python script |

! (FM or Tsunami data)
@task7: python script
Aggregation of the N scenarios
results and prob to create
hazard curves

i Update of the probabilities | 4g—

t2: Int. PTF

t?: Int. PTF

tf: Final PTF
(2*N scenarios) (...*N scenarios) (All scenarios)

ejep jo eALy

elep IWeunsy Jo "ydauw [ed04




First end-to-end version of PTF orchestrated with PyCOMPSs eFlows4HPC

launch_pycompss_mod.build_config
launch_pycompss_mod.step1_func
launch_pycompss_mod.build_structure

main

launch_pycompss_mod.mpi_func
launch_pycompss_mod.extract_ts
launch_pycompss_mod.append_and_evaluate

sync
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Deployment on HPCWaa$ (TOSCA - ALIEN4CLOUD) eFlows4HPC
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Further developments: High-Resolution PTF-PyCOMPSs workflow veFlows4HPC

High resolution HySea simulations
Example of one scenario for the 2003 earthquake and tsunami of Boumerdes

Mediterranea (1km) Majorca (200m) La Palma-Majorca (5m)

Maximum wave height (m) Maximum wave height (m) Maximum wave height (m)
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Further developments: High-Resolution PTF-PyCOMPSs workflow

Probability of exceedance (%)

Aggregation of the results of 500 simulations for the forecast calculation

Calculation of the hazard curves at each point of the grid

Hazard Curve at point A

Hazard Curve at point B

£

Probability of exceedance (%)

Bathymetry/Topography (m)

105 10% 10 102 100 100 10! 102 —40 ~20 0 20 40 " 10

1074 10 1072 107! 10° 10t
Tsunami intensity (m)

Tsunami intensity (m)

Creation of mean or percentiles maps (mean, p5, p95) - Extraction of the values at specific locations

5th perc. map 95th perc. map

95th values at sel

p5 wave amplitude forecast (m) p95 wave amplitude forecast (m)
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Further developments: ML / Al

Tsunami Forecasting exploiting Regression and Classification
Trees

This activity is aimed at developing machine learning
approaches based on regression and classification trees, to
model and forecast tsunami simulation results.
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Inundation Prediction from Offshore Time-Series

To use Machine Learning to Predict
computations)

inundation

(expensive

High-Resolution
from Offshore

Time-Series (far cheaper computations) for Accurate Hazard

Prediction in Urgent Tsunami Computations
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Conclusions venowsmpc

* The development of UC workflows for earthquakes and tsunamis
has been incorporating the deployment of advanced tools and
the development of complex tasks to reach an operational level.

* The sustainability and improvements in the workflows will be
done under ChEESE-2p and DT-GEO projects



Thank you

eFlows4HPC
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Requirements & Metrics for Pillar 11l workflows

T e ooy

eFlows4HPC

1 Urgent computing access must
Acronym Description
2 Data accessibility should y P
3 Data replication must
4 Execution robustness must
RT Response time End-to-solution time constraints in an urgent computing context.
5 Infrastructure must This metric is defined as the clock time measured from the event
interoperability reception until a first valid solution for the event is delivered to the
stakeholders such as civil protection agencies.
6 Portability and Reusability may
UAR Urgent Time to obtain necessary resources for an urgent computing
. Assignment of execution. The inclusion of this metric quantifies the QoS in HPC
7 Streaming Data Source must Resources facilities that provide UC services. Moreover, it is a measure to
evaluate if the adopted policies are adequate for an UC execution
8 Integrated workflow must RUQ Results High-fidelity and high-accuracy results. This metric is proposed to
manager Uncertainty fulfill the specific UCIS4EQ workflow.
Quantification RUQ metrics is related to the uncertainty of the service outputs, as
9 Integration with permanent must it is crucial to constrain and reduce the uncertainty of provided
storage impact estimates.
Conv Convergence This metric is proposed to evaluate the specificity of the PTR/FTRT
10 Inference with must requirements in particular the convergence of the results based on
online/offline ML models a reference solution
11 DA integration may
12 Workflow malleability should



Deployment with HPCWaas platform eFlows4HPC

To facilitate the reusability of these complex workflows in
federated HPC infrastructure.

Q @ Bvent datatren..  Q
o
Run_Simulation
[ 3
o

OH ‘Swarm_post_prac.

Q @ Aggregated_plot. :

Q @ UCIS4EQ_Image_T. :

Q @ Region_data_dep. :

Eé UCIS4EQ_Image_C. :
|

Q Abstract HPC.Si
[}

Integration of the UCIS4EQ in the HPCWaaS platform
describing the TOSCA components using the Alien4Cloud
software.

TOSCA components involved in the deployment and
execution of the UCIS4EQ workflow:

Setup phase:
The Abstract_HPC Site component defines the properties (login node
address, CPU architecture, supported container engine, ..) of the HPC
system where we mean to deploy and run the workflow.

Deployment phase:
The UCIS4EQ_Image_Creation component implements the interaction with
the eFlows4HPC Container Image Creation (CIC) service to build a container
Image including all the software components required for the workflow.
The UCIS4EQ_Image_Transfer component implements the interaction with
the Data Logistics Service (DLS). It depends on the UCIS4EQ_Image_Creation
component because it has to know the URL of the generated container
image in order to perform the image deployment.
The Region_Data_deployment component interacts with the DLS, but in this
case it is configured to download the data of a region (maps, etc.) from the
data-set stored in the UCIS4EQ B2DROP repository.

Execution phase:,

two TOSCA components (Run_Simulation and Swarm_post_processing )
and two data pipelines (the stage-in of the event data to simulate
(Event_data_transfers) and for the stage-out to upload the generated plots at
the end of the swarm post-processing workflow (Aggregated_plots_upload).




