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Concepts & Ildeas & Problems

K. Fieg, W. Hi

iy

Alfred Weqgener Institute
for Polar and Matri
Research

Bremerhaven,
Germany




nnnnnnnnnn

ScalES - WP 3: Coupler

- BMBF funded project

- focus on technical part of coupling (not physical!)

- gives the possibllity, to study scalability of ESMs
(-> COSMOS) on many- and multiprocessor
systems.
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-> for highly parallel appli
a serial coupler will |

000 CPUSs),
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Some words about unstructured grids?

AWI &

-not: data streams, irregular in space and / or time
e.g. meteorological observations

-but: large scale geographical grids, where the relevant
equations can he formulated with e.g. finite element

method
-but: we are not &k E e
the res g@ ot p
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Advantages of unstructured grids
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1. Easy handling of difficult geographical domains like
- irreqular coastlines
- harrow straits
- small islands |
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Disadvantages of unstructured grids:
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Structured grids:
neighboring elements in the area (i,)) are
neighboring points.in the matrix
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Disadvantages of unstructured grids
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Unstructured grids:
A ,Connectivity Matrix" describes s
triangles.

Neighboring elements in the
neighboring points in the

ghborhood of

are not necessarily
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Connectivity Matrix

Element Nodes

1 1 2 3

8 2 1 7 2
3 2 4 3

4 2 7 6

5 6 4 2

9 6 7 1 8
7 7 8 9
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Technical problems
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SMIOC: xml — file for a regular grid: gridttype

<gridfamily local_name="source_grid"> <sampled_space

at_regvrt">
=_i tme=aedendency="false"

<grid local_namaoussuss

Iong/Iat/vert dimensions

<physica|_spacc IUTIY_tartic—"1iput ygk -~ SCAL
<longitude ’ itsid;gvéfzs_ gast'
<valid_minp-180.0</valjd_#nh> i . 0gal name="j" time_dependency="false">

<valid _maj>+180.0</vdlid=maxz
</longitude ldimansion
<latitude_dimension units="deg

<valid_min>-90.0</valid_m

<Valid _max>+90.0</valid. _dimension>
S/atitude dimension> </sampled_space>
Brtical_dimension uni "up">
alid_min>0.0</vay <compute_space>
alid_max>1034 <points local_name="center" />
prtical _dimg </compute_space>
sical_sg

idency="false">

- Number of gridpoints
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Technical problems

(e.g. 1line pe
more information

mio in total)
n unstructured grid
) mak ASIS4

Connectivity Matrix
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Element Nodes

1 1 2 3

2 1 7 2

3 2 4 3

4 2 7

5 6 4 g_l
6 7 1 8

7 7 8 9
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2chnical problems
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lles

ructured gy
ding g

Like for the couf
have to be providt

acce dards

- SCC (Specific C on)
- SMIOC (Specifi onf
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Technical pro
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Ratio of source GP : targe y significantly

20 Gridpoints

in regular
atmospheric
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AWI &
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Ratio of source processes : ta
significantly, mapping of g

Technical problegs

Processor distribution

In regular \100

atmospheric
model

Drocesses can vary
boned grid geometry is

CcOomg ated

METIS nto 16 domains
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Physical probl

AWI &

The coupling of rids was not tried yet
for large scale clin ponents
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Physical problems

AWI &

Finding adequate resolution in time and space for
coupling

Question: how can up- and down scaling of

ch different grids

be realized in a way, that the relevant details
don‘t get lost ?
Solution: the scientist has to take care for an intelligent
model setup — an automatic trans ation can
lead to unwanted results.
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AWI &

Physical probl

mass conservation
coupling algorithm has ;
- hon matchin land / ocean interface

- different el apes ( /\// /)

model drift
Coupled val
to the sec

In-one grid, passed over
distributed ther
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My preliminary ToDo List
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- metadata standards for unstructured grids have to
be defined and discussed in the community

- a way to pass additional grid information to OASIS4
has to be discussed with the OASIS developer

- implementing performant search algorithms (e.g. CISL )
into the OASIS4 code

f

- secure load balancing also for very unbalanced elenr ent
distribution in the grids
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grids

- secure mass conservation also for coupling to strat ge
| element shapes
"”; - find transformation routines appropriate for unstru ctured
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First step: Coupling unstructured grid to

Intermediate structured grid - / lat

str termediate grid with
, te resolution,
es cell centered

AWI &

unstructured
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3 Further steps: after interpolation to
% Intermediate 2d lon / lat grid: direct coupling

« extending coupler interface to unstructured grids by
amending unstructured grid nomenclatures

» extending existing xml communication structure of coupler
to handle unstructured grids

e integration of additional mass conserving interpolation
routines like ,.cell integrated interpolation scheme*
(e.qg.CISL)

» testing different model setups

—t

platform inde

e secure portability t
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code for HPC
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As a summary, coupling unstructured grids
means:

AWI &

 dealing with a similar class of problems as coupling
structured grid

 the administration of the unstructured geometry requires
an additional type of data structure

 Special care i nsformation, mass conservation
and interpolation is needed to avoid model drift
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odel run needs more manual interaction

e Setting up a

Q

e strong C
unstructi

ordination work is needed to integ
rid concepts into existing coupler
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