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GEOtop: distributed integrated hydrological model
Calibration challenges: large parameter space +
computational expensive model

GOAL: develop a HPC tool for the calibration of GEOtop,
including all the available parameters.
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Application Results

*  Application for soil moisture time series optimization * Parallel execution using futures
for agricultural sites in South Tyrol (ltaly) e Speculative execution.

e Deployment on HPC cluster (up to 1024 CPU cores). e Scaling analyses.
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Challenge: dealing with code failures.

Evolutionary algorithm convergence example
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An empirical study on the GEOtop hydrological model &
optimal estimation and uncertainty reduction using supercomputers 552 3465
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Soil moisture optimization at 2 cm depth
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Approach: multiple evolutionary algorithms (particle swarm ...)
Tools: GEOtoPy (wrapper) + Jupyter ecosystem + Nevergrad + Dask
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Conclusions and outlook

* A HPCtool for GEOtop calibration has been developed,

* libraries & tools used in ML have been adapted to the purpose,
* it has been proven to scale up to 1024 CPUs (Ulysses V2),

* performance models have been proposed and discussed.
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Presenter
Presentation Notes
Left: Convergence of the algorithm used (covariance-matrix adaptation evolutionary strategy, CMA-ES) as generations progress (x=generations, y=1-KGE). 
Center: Average SMC at different time aggregation scales (daily, weekly, monthly) (comparison, error, error statistics) 
Right: in orange the maximum scaling obtainable (saturation to the number of individuals/particles used), in blue result obtained (saturation shift due to speculative execution) (x=cpus, y=speedup referring to 32 cpus)


https://stefanocampanella.github.io/MHPC-project/home.html
https://github.com/stefanocampanella/MHPC-project
http://geotopmodel.github.io/geotop/
https://github.com/stefanocampanella/GEOtoPy
https://jupyter.org/
https://github.com/facebookresearch/nevergrad
https://dask.org/

Do you want to use the optimization approach?

The Model:

e GEOtop: an open-source distributed integrated
hydrological model.
 Code and documentation available on GitHub.

e Last development version V3.0 in C++. G€OLop
The Tools:
GEOtoPy (Dead simple, paper-thin wrapper to work with GEOtop from Python.) e am®
ﬁ pg’[hon Jupyter
Jupyter ecosystem for easy Python scripting o~
Papermill a tool for parameterizing and executing Jupyter Notebooks in background. m papermill
Scrapbook library to produce notebook’s workflows. ﬁ] scrapbook
Nevergrad: A gradient-free optimization platform.
: & P P %7 Nevergrad
Dask: advanced parallelism for analytics, enabling HPC in python. [f
DASK

The Optimization framework
Code and documentation available on Github: MHPC-project .\"\%HPC

aster in High Performance Computing



https://github.com/stefanocampanella/GEOtoPy
https://jupyter.org/
https://papermill.readthedocs.io/en/latest/
https://github.com/nteract/scrapbook
https://github.com/facebookresearch/nevergrad
https://dask.org/
http://geotopmodel.github.io/geotop/
https://github.com/geotopmodel/geotop/blob/master/README.rst
https://github.com/geotopmodel/geotop/tree/v3.0
https://github.com/stefanocampanella/MHPC-project

Do you want to know more on the HPC calibration approach used?

GEOTOP CALIBRATION USING EVOLUTIONARY
ALGORITHMS ON SUPERCOMPUTERS

Stefano Campanella

Giacomo Bertoldi, Alberto Sartori
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You can download the whole MHPC thesis here:
Campanella, S.; Calibration of the GEOtop model using evolutionary algorithms on supercomputers
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https://github.com/stefanocampanella/MHPC-project/blob/master/docs/assets/mhpc_thesis.pdf

OUTLINE

1. Intro & Motivations

1. GEOtop and its calibration

2. Evolutionary algorithms and need for HPC
2. Methodology & Implementation

1. Workflow: Jupyter, Nevergrad, GEOtoPy

2. Parallel Computing in Python and Dask

3. The Optimization Loop
3. Results

1. Example of Calibration

2. Scaling Analysis and Modeling



GEOTOP CALIBRATION



10'000 FOOT VIEW OF GEOTOP CALIBRATION

GEOtop: meterological forcing » soil water content
loss = ||predictions - observations|| (es. 1 - KGE)
N° of parameters = O(volume) + O(surface)



EXAMPLE: SOIL MOISTURE BEFORE CALIBRATION
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CHALLENGES

large search space, high sensitivity to parameters
1D Workload: CPU-bounded, serial, ETA =1 min



GOAL OF THIS PROJECT

Develop a tool for calibration of GEOtop, including all the available
parameters and in the least possible time



EVOLUTIONARY ALGORITHMS AND NEED FOR HPC



RANDOM OPTIMIZATION PROCESS

search space D C R" compact

objective f : D+ [0,400), continuous

optimization X;:Qw+— D | f(X;) < f(X;_1)
EXAMPLE: RANDOM SEARCH

XOUﬂaXz'{

X;_1 otherwise

U, it f(U;) < f(Xi-1)



EVOLUTIONARY ALGORITHMS

The complexity of the fitness landscape suggest the use of Evolutionary
Algorithms (EA)

In EA, search space is sampled multiple times each generation, hence f
can be evaluated in parallel <« HPC kicks in

Speedup with n CPU is min (p, n) , in theory

DEALING WITH FAILURES

The algorithms/implementation must use a re-sampling strategy



TOOLS



CODE USED IN THIS PROJECT

1. GEOtoPy: A Python wrapper developed for this project
2. Jupyter Ecosystem: Papermill, Scrapbook
3. Facebook Nevergrad and SALib: CMA-ES, etc.

4. Dask: distributed, jobqueue



PYTHON FOR HPC
PARALLEL COMPUTING IN PYTHON

The GIL: a mutex on CPython interpreter execution
Multithreading: may make sense if code release the GIL
Multiprocessing: serialize state, and spawn new interpreters
DASK DISTRIBUTED

Part of the Dask library
Able to scale on large systems (1/3 of Summit)
Implements and extend the concurrent. futures interface



OPTIMIZATION LOOP



ASK & TELL OOP INTERFACE

while not optimizer.stop():
X = optimizer.ask()
y = f(x)
optimizer.tell(x, vy)



PARALLEL EXECUTION USING FUTURES

to_tell = []
for future 1n as_completed(futures):
to_tell.append(future.result())



SPECULATIVE EXECUTION

if len(to_tell) + completed_queue.count() < popsize:
for _ 1in range(num_new_futures):
new_x = optimizer.ask()
new_future = client.submit(lambd? x: (x, f(x)),
new_x
completed_queue.add(new_future)



RUNNING ON THE CLUSTER



SETUP & RUN SCRIPT
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OUTPUT="$ (mktemp -p "SOUTPUT_DIR" \
"SSITE-SALGORITHM-$BUDGET-$SNUM_CPUS-XXX.ipynb")"

mkdir -p "$MHPCPROJECT_ROOT/scheduler_files"

SCHEDULER_FILE="$ (mktemp -p

"SMHPCPROJECT_ROOT/scheduler_files" \
scheduler-XXX.json)"

ulimit -n 128000

dask-scheduler --scheduler-file="$SCHEDULER_FILE" \
--no-dashboard \
-—-no-show \
-—interface=1b0 &

sleep 30

SCHEDULER_WAIT_RETRY_COUNT=0

while \

! python "$MHPCPROJECT_ROOT"/scripts/check_address.py
"SSCHEDULER_FILE" && \

%% $SCHEDULER_WAIT_RETRY_COUNT -1t $SCHEDULER_WAIT_RETRY_MAX

do

SCHEDULER_WAIT_RETRY_COUNT=$ ( (SCHEDULER_WAIT_RETRY_COUNT +

1))

sleep 30

done .
BgEEaEDGEEEP%EEERECT_ROOT”/scr1pts/check_address.py

srun dask-worker --scheduler-file="S$SCHEDULER_FILE" \
—-—local-directory="/tmp" \
--death-timeout=180 \
--no-dashboard \
--no-show \
--nprocs=$NUM_PROCS \
--nthreads=\
$ ((SLURM_CPUS_PER_TASK / NUM_PROCS)) \
--interface=1b0 &
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67 papermill ——no—pro%ress—bar \

model_path "SMODEL_PATH" \

timeout "STIMEOUT" \
observations_path "SOBSERVATIONS_PATH" \
parameters_path "$PARAMETERS_PATH" \
algorithm "SALGORITHM"™ \

popsize "S$SPOPSIZE" \

num_generations "SNUM_GENERATIONS" \
scheduler_file "SSCHEDULER_FILE"™ \
num_cpus S$SNUM_CPUS \

num_workers S$SNUM_WORKERS \
performance_report_filename \

{OUTPUT%.ipynb}-performance-report.html" \

"SINPUT" "$OUTPUT"



SCALING ANALYSIS



T (p, n) calibration time with p individuals and n CPUs

S(p,n) := 1:;%%) . speedup using ng = 32 CPUs as reference

S(p,n) = minnfp ) perfect speedup

0




STRONG SCALING

speedup

Strong Scaling (popsize = 512)
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WEAK SCALING

Weak Scaling (num_cpus = popsize)
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PERFORMANCE MODELING



LINEAR MODEL

The simplest performance model compatible with perfect weak scaling
T(p,n) = T(Z) and T(p,n) ~ O(p) is

T(p,n) =Ty + Tl%



LINEAR MODEL FIT
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LINEAR MODEL SPEEDUP

———————
linear model
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Comparing the linear model speedup

S( To + TL,% 1
n) — —
N Y 1 Tl g
To—f—Tl% TO+T1% n
with the Amdahl law S(n) = (1_f)1+fn_0 we get
T =
f = C =~ 97%

To +T1;

no



A MODEL FOR LARGE CPUS NUMBERS

TO—FTl(%—QL'O) lf%ZCEO

. )
Th otherwise

TpieceWise (p7 n) — {

D

where the effective population size is Pefr ~ o



PIECEWISE LINEAR MODEL SPEEDUP

—— piecewise linear model
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LARGE CPUS NUMBERS COMPARISON

—— linear model
0:50:00 7 ° piecewise linear model
—— rational function model
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LARGE CPUS NUMBERS COMPARISON

—— linear model
piecewise linear model
rational function model
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WRAP UP

An automatic tool for GEOtop calibration has been developed,
libraries & tools used in ML have been adapted to the purpose,
it has been proven to scale up to 1024 CPUs (Ulysses V2),
performance models have been proposed and discussed.
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