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Questions

1. Who first discovered the N-body problem?

2. Let’s say we have a system of nonuniform density. Which method would have
faster performance: Barnes-Hut or the Fast Multipole Method?

3. Inathree-dimensional problem, neither Barnes-Hut nor the Fast Multipole
Method would use a quadtree. What structure would they use instead?
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e Distributed Computing Group
e Task-based schedulers
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Outline

e History
o  The N-body problem

e Overview

e Algorithms
o FMM History and Implementation
o Barnes-Hut History and Implementation

e Applications
e Implementations
e Open Issues




17th century: Newton predicts motion of planets

e Newton comes up with equations for
planets orbits with three points
(analytical geometry)

e Buthe'swrong!
o Interplanet gravitational interactions
affect orbits, too

e Newton concludes all bodies must
attract each other, saysit’s
unsolvable analytically, and moves on

Sir Isaac Newton:



https://en.wikipedia.org/wiki/Isaac_Newton

Late 19th century: Oscar II seeks a solution

e He was disappointed - no one came up with
a solution

e HenriPoincaré won, but by doing
something else

e The general solution wgs
1990s

Money and
fame for
solving it!

Too hard - here’s
something else



https://en.wikipedia.org/wiki/Oscar_II
https://en.wikipedia.org/wiki/Henri_Poincar%C3%A9
https://en.wikipedia.org/wiki/Henri_Poincar%C3%A9

Overview

e Problem: nobjects are interacting with each other

o Gravity
o Charged particles
o Cells

e N-body problem: Find the trajectories of n objects which obey Newtonian
Physics given their initial configurations and the forces

e N-body simulation: Find a pseudo-solution to the N-body problem by
numerically simulating the n objects and the forces between them




N-body simulation: naive

Particle

{

Mass;
Position;
Velocity;

Force

One “timestep”
For each particle:
Adjust velocity according to force

Adjust position according to velocity
Set force to 0

For each particle (a):
For each particle (b):
Adjust the force on (b) from (a)
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History - FMM

e Expansion of Green’s Function using Multipole Method
e Developed by Leslie F Greengard and Vladmir Rokhlin Jr.



https://en.wikipedia.org/wiki/Leslie_Greengard
https://seas.yale.edu/faculty-research/faculty-directory/vladimir-rokhlin

Upward Pass/P2M M2M Transfer Pass/M2L Downward Pass/L2L L2P
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https://phys.libretexts.org/Bookshelves/Mathematical_Physics_and_Pedagogy/Mathematical_Methods/The_Multipole_Expansion
https://phys.libretexts.org/Bookshelves/Mathematical_Physics_and_Pedagogy/Mathematical_Methods/The_Multipole_Expansion
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History - Barnes-Hut

e Barnes-Hut

o Josh Barnes and Piet Hut
(@)

Piet Hut,
Dutch-American
Astrophysicist

o  We don't know much about Barnes



https://en.wikipedia.org/wiki/Barnes%E2%80%93Hut_simulation










Applications

Planetary simulation
Climate simulation
Atomic simulation

Fluid dynamics '
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http://www.solarsystemscope.com

)
E
Q
2
(%]
e
@
Q
o=
Q
<
©
+—
v
£
=

N-body Timing (local machine intel core i7x2x4)
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Tree Insertion




Comparisons of methods

e Naive: O(n"2)
e Barnes-hut: O(n In(n))

o best for nonuniform density)

e Fast Multipole Method: O(n In(n))

o  best for uniform density




Open Issues

e How can we simultaneously maximize fidelity and accuracy?
e What properties of a system can we exploit to improve our models?




Questions

1. Who first discovered the N-body problem?

2. Let’s say we have a system of nonuniform density. Which method would have
faster performance: Barnes-Hut or the Fast Multipole Method?

3. Inathree-dimensional problem, neither Barnes-Hut nor the Fast Multipole
Method would use a quadtree. What structure would they use instead?
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