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Unstructured grids
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Representation in ESMF

ESMF now has code to represent fully distributed unstructured
2d and 3d grids
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Representation in ESMF

ESMF now has code to represent fully distributed unstructured
2d and 3d grids

3D tetrahedron and hexahedron
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Representation in ESMF

The unstructured mesh code supports adaptivity and load
balancing
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In�uence from SIERRA

The code is heavily in�uenced by Sandia's SIERRA framework:
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In�uence from SIERRA

The code is heavily in�uenced by Sandia's SIERRA framework:

Concepts such as mesh sets and kernels for maximum
ef�ciency and minimum memory use; also allows for mesh
heterogeneity, i.e. multiple topology types in a single mesh.

Registration of �elds possible on subsets of the mesh, including
sidesets.

All sparse communication, resulting in maximum parallel
scalability.

Following the engineering tradition of SIERRA and other
unstructured grid codes, the code is in C++.
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Master element extensibility

Basic Lagrange element types are supported.
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Master element extensibility

Basic Lagrange element types are supported.

2d hierarchical elements of arbitrary order are supported.

An extensible master element interface provides for user de�ned
element types of arbitrary complexity.

Fields are integrated into the extensible master element
capability so that the appropriate degrees of freedom appear, on
the appropriate mesh objects (i.e. faces, edges, nodes, cells).
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Regridding
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Regrid capabilities

The code supports parallel computation of regridding weights,
and either the generation of an interpolation matrix, or
implementation of �eld regridding .
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Regrid capabilities

The code supports parallel computation of regridding weights,
and either the generation of an interpolation matrix, or
implementation of �eld regridding .
Uses the parallel rendezvous algorithm of Stewart et al.

Sandia's Zoltan provides the calculation of a rendezvous
decomposition.
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Regrid capabilities

The process is explained by a commutative diagram
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Regrid capabilities

The process is explained by a commutative diagram

Src I����! Dst

We begin with the two meshes in their native decompositions.
The interpolation operator I is intractable.
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Regrid capabilities

The process is explained by a commutative diagram

SrcR
C����! Dst R

A

x
?
? B

x
?
?

Src I����! Dst

The introduction of the rendezvous decomposition easily allows
the creation of I through the usual serial operator C.
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Regrid capabilities

The process is explained by a commutative diagram

SrcR
C����! Dst R

?
?
y B>

Src I����! Dst

If creating a matrix, we ship it to the row decomposition using
B> .
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?
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Src I����! Dst

Or we perform the interpolation by traversing from Src to Dst .
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Structured grid regrid weights

We support structured grid interpolation by harness this
unstructured grid capability.
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Structured grid regrid methods

Simple bi-linear, where the value at A is a weighted sum of the
values at U; V; W; Z.
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Structured grid regrid methods

Patch based methods, using an average of least squares �t
polynomials at cell nodes
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Structured grid regrid methods

Soon: Conservative methods (fractional areas):

Possibly using Monte-Carlo integration;

jA \ B j
jB j =

Z

A[ B
I A\ B I B dx = # f X 2 A\ B g

# f X 2 B g

X a uniform variate on a bounding box of A [ B .
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Notes on the patch method

The patch method is a smoothing method, similar to the bi-cubic
method, but the function derivatives need not be supplied.

Consider transfer from coarse to �ne scale grids
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Notes on the patch method

The patch method is a smoothing method, similar to the bi-cubic
method, but the function derivatives need not be supplied.

An analytic velocity �eld
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Notes on the patch method

The patch method is a smoothing method, similar to the bi-cubic
method, but the function derivatives need not be supplied.

Curl of the bi-linear velocity induced stress

David Neckels, NCAR – p.12/18



Notes on the patch method

The patch method is a smoothing method, similar to the bi-cubic
method, but the function derivatives need not be supplied.

Curl of the patch velocity induced stress
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Pole/Extrapolation issues

We propose unique solutions to pole and extrapolation regrid
dif�culties
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Pole/Extrapolation issues

We propose unique solutions to pole and extrapolation regrid
dif�culties

Example, Holes at the pole (regular lat/lon and POP grids)
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Pole/Extrapolation issues

We propose unique solutions to pole and extrapolation regrid
dif�culties

We triangulate the area and introduce a constrained degree of
freedom at the pole.
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Pole/Extrapolation issues...

Given this constrained degree of freedom, we form the
interpolation matrix ~M in the usual way (e.g. bi-linear/tri-linear
interpolation).
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Pole/Extrapolation issues...

Given this constrained degree of freedom, we form the
interpolation matrix ~M in the usual way (e.g. bi-linear/tri-linear
interpolation).

We form the constraint matrix C, which describes how �eld
values at the pole (or other constrained nodes) are to be
manufactured from the true degrees of freedom.

We �nally reduce out the constraints, forming the �nal
interpolation matrix M = ~MC .

This approach can also work on grid boundaries, where data
may not be available for all cell nodes; one only need provide a
suitable extrapolation constraint matrix, C.
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Pole vector �eld interpolation

Failure of interpolation for u; v vector �elds near the pole:
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Pole vector �eld interpolation

Failure of interpolation for u; v vector �elds near the pole:

This �ow would average (incorrectly) to zero velocity at the pole.

Average do not work since the orthogonal basis system
collapses here.
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Pole vector �eld interpolation...

We use fully 3d vector �eld interpolation:
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Pole vector �eld interpolation...

We use fully 3d vector �eld interpolation:

us; vs
I����! ud; vd

We wish to transform the orthogonal components of the vector
�eld.
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Pole vector �eld interpolation...

We use fully 3d vector �eld interpolation:

ux ; uy ; uz
~MC����! ux ; uy ; uz

Us

x
?
? U>

d

?
?
y

us; vs
I����! ud; vd

We use full 3d interpolation ~M (possibly with extrapolation
constraints C). We reduce the matrix back to a 2d ! 2d matrix
using the orthogonal basis vectors Us and Ud.
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Pole vector �eld interpolation...

We use fully 3d vector �eld interpolation:

I = U>
s

~MC Ud

The orthogonal systems may be either the same, or different. If
they are the same, cross terms u; v are generally small, except
near the pole.
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Conclusion

ESMF has entered the world of unstructured grid support!
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Conclusion

ESMF has entered the world of unstructured grid support!

Parallel Rendezvous provides a powerful means to compute
regrid weights in parallel (for structured and unstructured grids).

Standard regrid methods and new methods such as
patch-recovery interpolation are to be implemented in serial on
the rendezvous grids.

New methods to deal with extrapolation and pole dif�culties are
in progress to create a robust regridding package.
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