nlinear Wave Equations Modeling Gravitati : s Learned:
and Difficultie: N € .
Numerical Relativity “o00d” results to anpear only
r “good” results to appear only

above some minimum resolution

Visualization and control over data

Previous work in 1D and Small turn around time needed
- 1D spherical symmetry
- 2D axisymmetry

? It'shard!
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The Move to 3D GR The Nonlinear Sigma Model hat happens between

ap from Minkowski (3+1) to target manifold (SA3) small and larg

SO(4) > SO(3) -
* Lots to explore: Parameterize initia
n within horizon

NO gravity

— Different formulations & differencing schemes Choose hedgehog ai
— Interesting matter sources: in fsin @

* Fluids for which singularity

— A, for which energy disperses

Tune for threshc

« MHD
* Get a handle on « Already Known:
and visualization .. toy model in 3D small initial data — no sir

Move into 3 Spatial Dimensions
e Map sa f

Critical Behav Adaptive Mesh Refinement
3D ... pick Cartesian

Evolution approaches a self similar solution Pick generalized he

Critical solution is one of a family of

solutions found by

Critical s .

P 3D is harder:
bound :
— Tendency toward more fields
— More memory/field 1000pts->8kB vs (1000)*3->1GB
~ More operations per point

ngle unstable mode take:
from this boundary manifold

eed more computing power




Resolving power
+ Importance of visualization

(ability to zoom in space and time):

CrOSS many processors
gy: distribute entire grids to different proc’s

Scheme:

process orchestrates

loop for commands
Pro:

traightforward to implement

— Works well for large numbers of
Con:
— Not optimal, would like mor tonomy

— Horrible scz or completely nested grids

Need More Resources
Need quick turn around for testing/development
Need lots of memory
even w/ AMR, need to store grids someplace
Never enough computing resources
Jump in dim. D from 2 to 3 large:

— CPU time scales:
— Memory scales:

Take advantage of trend towards cluster computing

Early Distributed
AMR Scaling

processors:

S = I

Adaptive Mesh Refinement
(AMR)

mically add fine su

Finer resolution in time and space

Fine grids created/destroyed as needed. ..
Recursiv ne grids can have finer grids
Computational w les with resolution
Grids communicate so that they fit together
Resolution scales as a power law!

Example: 15 levels of refinement (2:1)
H15

Distributed Computing

Network cheap PC “nodes”
(fast ethernet

Build your own

someone else’s (e

al to distribute the
problem ac nodes

but don’t need optimal...worst case.
get good memory scaling

ne based on singularity formation

elf-similar critical solution appears




Results in 3D

Other Models: Semilinear Wave Eq.
¢ Same, spherical al solution

mp nonlinear wave equations

Other Models « Cartesian coordinates

ogr W= T iy ¥ I T

Other Models: Semilinear Wave Eq. Other Models: Semilinear Wave Eq.

Other Models: Semilinear Wave Eq.

=0.00

¢ Two initial
pulses
initial data

" her Models: Ricci Flo

Other Models: Maxwell Dilaton Otz i fedisles Ies Lele

¢ Idea:

¢ Need to maintain regularit

¢ — . ) S . * Define geometry on S*2 using two patches:
S = | d*x o [[\’ —a,(00) —ae*™F F“ ] e parameter families of geomet
: 8 0 1

Critical behavior found in Ricci Flow
* Action

* Choose flat space (R=0) ¢ St « Stereogr:
+ Dilaton a . possible critical behavior SN st N=N +iN
« Can’t have spherically symmetric solutions * Round sphere « South patch similarly defined: S =1/ N
 Unbounded curvature . N
Critical solution: “javelin’ 4% = d&” +sin” Gdg
urvature growth at poles

401+




Other Models: Ricci Flow on Sphere

to match up two patches
patches overlap (extend past equator)
Interpolate “boundary” values on one patch from
values on other patch
Define geometry on S*2 using two patches
Test problem: Heat Equation

Parabolic solves with an ADI solver

Long Term Goal: General Code

sumed spatial symmetry
Coupled to Magnetohydrodynamics (MHD)

near-field: holes): AMR
Robust — stable for strong field and matter sources

Distributed for supercomputers/clusters — MPI

Deals with singularities — excision

vl

An Example..

« Show actual




