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System Modelling
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Data assimilation
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High Performance Computing

Simulation and data assimilation codes are HPC codes:

- Highly parallel computation on several cores

- High-resolution model

- Ensemble run (i.e. run several perturbed simulations).
- Toward hybrid architecture CPU/GPU
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10,240 parallel Earths
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from 80 to 10,000 members,
forecast accuracy improves from 1
day to 5 days.
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Reduced precision
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Objective

Estimating round-off errors using CADNA for
simulation and Data assimilation code in HPC
codes.



Available CADNA versions

- Sequential CADNA (no parallelism, CPU)
- CADNA-OpenMP
- CADNA-GPU



One example of diagnostics: Unstable test

Detect unstable tests (if z > 0)

Mandelbrot set (computed on
GPU)



One example of diagnostics: Unstable test

Detect unstable tests (if z > 0)

Mandelbrot set (computed on
GPU)

Unstable tests

Eberhart et al.,, 2018



Number of exact significant digit

Application on shallow-water simulation (motion of a flow)

o 2.7x10°7 15

Velocity of the fluid Number of exact significant digit

Eberhart et al.,, 2018



NA’s overhead on GPU
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Adjoint operator in Data assimilation

Data assimilation minimize the misfit between a model M and
observations yy at time ty:

J(50) = 3 3 3~ H o Muol0a) + R(%0)
k=0

where:

- X is the state of the model (e.g. velocity field)
- His the observation operator
- Ris aregularization term

Minimization using a gradient descent technique. The gradient is
defined by

Vx,J(Xo) ZM HT [yr — H o Mp.o(X0)] + Vi,R(Xo)

where ML, is the adjoint operator



Assessing the validity of an adjoint code in 4D-VAR

In practice, two codes are available:

- A code for integrating the model between ty and ty: My

- A code for applying the adjoint operator: M{,

A sanity check is performed using the residual quantity defined by:

R(«) J(Xo + adX) — J(Xo) — aVx,J(Xo).0X

= O(a?) if adjoint code correct

O(«) if adjoint code uncorrect



Result on a land surface model

Assess the numerical validity of the residual R(«) with CADNA

«

without CADNA
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Result on a land surface model

Assess the numerical validity of the residual R(«) with CADNA

« «

without CADNA with CADNA sequential
Brajard et al, 2013
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Result on a land surface model

Assess the numerical validity of the residual R(«) with CADNA

« «

without CADNA with CADNA sequential
Brajard et al, 2013

Numerical result using shallow-water with CADNA-OpenMP

IEEE CADNA
Serial 3.446611873236805E-06 3.4461E-06
OpenMP - 16 treads 3.446619149194419E-06 3.446E-06

Eberhart et al, 2016 &



Conclusions

CADNA:

- enables numerical validity of the code (number of exact
significant digits, unstable tests, ...)
- can be used in an HPC context (with an overhead)

- can be applied for simulation and data assimilation codes.

http://cadna.lip6.fr/
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