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Outline () e,

ComPadRe - Compatible particle discretization
Contributors - Pavel Bochev (Pl), Pete Bosler, Paul Kuberry, Mauro
Perego, Kara Peterson

m Second generation code built on existing work developing
SPH+AMG solvers

m A brief sketch of ongoing meshless work in our group

m Code structure




. . . Sandia
A one slide introduction to corrected SPH () e,

Many similarities to reproducing kernel particle methods

m Apply convolution to obtain nonlocal approximant to
derivative

u(x) = / u()c(|lx — yll)dy
Vi(x) = / u(y) Ve[l — yil)dy

m Discretize using point quadrature

Vu(q) =Y u(g)Vée(llxi —xl) Vs

J

m Introduce correction matrix to kernel to enforce
polynomial reproduction

Veu(x) = Z u(x) BV (||xi — xi||) V;




Old work developing a massive-scale implicit SPH solver ()

Laboratories

1. LAMMPS offers embarrasingly parallel strong
scaling for particle methods - meshless
discretization goes here

2. Trilinos provides gives suite of algebraic multigrid
libraries to achieve O(N) matrix solves
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. . . . Sandia
An incomplete list of meshless projects in the lab (D=

m Problems in fracture
mechanics (particle
distretization of
peridynamics)

m RBF + vortex particle
methods for problems in
climate science

m Development of new
meshfree discretizations for
material science problems




The Compadre library (D=

* Supports
* Various coordinate systems ( Euclidean, Spherical, etc.. )
* Lagrangian ( ) and Eulerian simulations
* Strong and weak-form ( ) model solution

+ Managing
+ Fields of various dimensions ( pressure, velocity, etc.. )
+ Sets of particles
+ Data transfer between sets (remap) (in progress)
+ Time-stepping over sets ( )
+ Partitioning/repartitioning particle sets over multiple processors

* Leveraging
* GMLSi lation library (compatible discretizations)
* Trilinos Zoltan2 particles over processor partitioning
+ Trilinos solvers (Amesos2, Ifpack2, Muelu, and Belos)

+ Combines MPI parallelism with thread-parallelism (MPI + Kokkos) using Trilinos, Tpetra, and Kokkos
* Manages importing/exporting data in the form of VTK files
* Input deck driven simulation (XML / YAML)




Code layout - local and global modules

Problem

File Reader/Writer

Input Deck

Assembly

Solver

Physics

Neighbors

Repartitioning

Laboratories:




Dynamic domain partitioning using Zoltan 2 in Trilinos (D=

Domain partitioning over many processors Off-processor hala information available




. . . . . Sandia
Adaptive particle insertion and removal using remap () B,

Insertion requiring interpolation from existing field data using GMLS

Original Field Data Order 2 GMLS Reconstruction

Error < 1e-16




Efficient solution of linear systems using MuelLu () B,

Manufactured Solution (Convergence): Manufactured Solution (Exact):

X(L+x+y+z)+y(1+y+z)+z(1+2)

Order 2 GMLS

sin(x) -sin(y} sin(z)

Order 2 GMLS

1/3 8.23e4 -
16 13904 257
1/12 3.22e5 211
124 7.88e-6 203

1/48 197e6 2.00 L2 Error: 9.25978e-17




Sandia
tional

The Compadre library () B,

* How can you utilize the Compadre toolkit?
* Local reconstruction of functionals (completely local work)

* Perform neighbor searches, reconstruction of functionals, transfer of information
between particle sets

* Manage fields, generate and repartition particle sets, load input decks and export data
for visualization

* Complete package for simulating multi-physics problems




. Sandia
Moving forward (DE="

m Year one of three year project - current code architecture in
place

m Not yet released for general consumption but great time to
get in on the ground floor

m Stay posted!




