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» well-defined interface (documented in the paper)

variety of MPDATA based solvers in 1D, 2D & 3D
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» shared-memory parallelisation using OpenMP or Boost. Thread
» built-in HDF5/XDMF output

» implemented using Blitz4++ (no loops, expression templates)
» compact C++11 code (< 10 kLOC)
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example: implemented MPDATA flavours

basic 2-pass MPDATA + “abs” trick for var-sign signals

Yoty o, [l—ls]
2 v Yatvp [val -+

1 algorithm option as a compile-time parameter

// compile-time parameters
struct ct_params_t
0+ : libmpdataxx::ct_params_default_t
{
using real_t = d
enum { n_dims =
-1 | | | " | enum { n_eqgns =

enum { opts = op
0 100 200 300 400 b

// solver choice
x/dx using slv_t = solvers::mpdata<ct_params_t>;

uble;
} .
}

i
i

o]
1
2
ts

i:abs };
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infinite-gauge option (“iga”)

4

iga + non-oscillatory option (“fct”)

4

| I I I
- | T 4
- T 3
5
] 2
r Il T 1
- T 0
I I T I 1
0 100 200 300 400 500 600
x/dx

T T T T m| 4

100

compact user code
20

iga + 3"d-order-accurate variant (“tot”)

100

200 300
x/dx

iga + tot + fct

400 500 600

® 2100 lines of code with libmpdata+-+
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» inspired by 2D experiment of Schar and Smolarkiewicz, 1996

» example and original analytic solution by Dorota Jarecka / NCAR
(paper Jarecka D., Jaruga A., Smolarkiewicz P.K. submitted to JCP)
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summary of design choices for maintainability

> separtion of user and library code (ease of updates)

» code structure that minimizes dependencies

> use of third-party libraries (Blitz+++, Boost, OpenMP, HDF5)
» public code repository with history of changes

» automated builds and testing after changes
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igfuw/libmpdataxx ©

libmpdata++ - a library of parallel MPDATA-based solvers for systems of generalised

Repositories Recent transport equations
© igfuw/libmpdataxx »n
Current Build History Pull Requests Branch Summary Build #42 C
Job #42.1
master - fixing tests/unit/shallow_water #42.1 passed
igfuw/shallow-water-elliptic-drop 2
ran for 28 min 45 sec
4days ago

B slayoo authored and committed
Commit d219d3b €) #157: moving shallow_water solver from thests to the library tree;

libmpdata++-config. cmake €)

Using worker: worker-linux-4-2.bb.travis-ci.org:travis-linux-11

$ git clone --depth=50 git.1 1.295
$ cd igfuw/libmpdatay

$ git fetch origin +refs/pull/157/merg
$ git checkout -qf FETCH HEAD

git.4

git.5

stop: Unknown instance:
port CXX=g++

$ export CC=gcc
gce --version

cc (Ubuntu/Linaro 4.6.3-lubuntuS) 4.6.3

Copyright (C) 2011 Free Software Foundation, Inc.




ongoing work




ongoing work

» higher-order operators for subgrid-scale modelling



ongoing work

» higher-order operators for subgrid-scale modelling

» distributed memory parallelisation (Boost.MPI)



ongoing work

> higher-order operators for subgrid-scale modelling
» distributed memory parallelisation (Boost.MPI)

» complex geometries using immersed boundary method
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example: Taylor-Green vortex at Re = 800

» inspired by spectral calculations of Brachet et al., 1983




example: Taylor-Green vortex at Re = 800

4

» inspired by spectral calculations of Brachet et al., 1983
» <100 lines of code with libmpdata+-+
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» libmpdata++ paper: http://arxiv.org/abs/1407.1309
» libcloudph++ paper: http://arxiv.org/abs/1310.1905
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