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Barnes-Hut: Putting Multipole Expansions to Work

(Figure following G. Martinsson)
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Barnes-Hut: The Task At Hand

Want: All-pairs interaction.
Caution:

» In these figures: targets sources

» Here: targets and sources ( ;qho..(/ 3q|€ imhqﬂm)
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Barnes-Hut: Putting Multipole Expansions to Work

(Figure following G. Martinsson)
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Barnes-Hut: Putting Multipole Expansions to Work

(Figure following G. Martinsson)
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Barnes-Hut: Box Targets

For sake of discussion, choose one ‘box’ as targets.
Q: For which boxes can we then use multipole expansions?
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Barnes-Hut: Putting Multipole Expansions to Work
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(Figure following G. Martinsson)
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Barnes-Hut: Accuracy

With this computational outline, what's the accuracy?

Q: Does this get better or worse as dimension increases?
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Barnes-Hut (Single-Level): Computational Cost
What's the cost of this algorithm?
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Barnes-Hut Single Level Cost: Observations
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Box Splitting
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(Figure following G. Martinsson)
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Level Count

How many levels?
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Box Sizes

(Figure following G. Martinsson)

Want to evaluate all the source interactions with the targets in the box.

Q: What would be good sizes for source boxes? What's the requirement?
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Multipole Sources

Data from which of these boxes could we bring in using multipole
expansions? Does that depend on the type of expansion? (Taylor/special
function vs skeletons)
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Barnes-Hut: Box Properties
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What properties do these boxes have?

Simple observation: The further, the bigger.



Barnes-Hut: Box Properties
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Barnes-Hut: Well-separated-ness

Which boxes in the tree should be allowed tg/€ontribute via multipole?
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Barnes-Hut: Revised Cost Estimate

Which of these boxes are well-separated from the target?

What is the cost of evaluating the target potentials, assuming that we
know the multipole expansions already?
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Barnes-Hut: Revised Cost Estimate \/@
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Barnes-Hut: Next Revised Cost Estimate
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(Figure following G. Martinsson)

Summarize the algorithm (so far) and the associated cost.



Barnes-Hut: Next Revised Cost Estimate

Summarize the algorithm (so far) and the associated cost.
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Barnes-Hut: Putting Multipole Expansions to Work

(Figure following G. Martinsson)

How could this process be sped up?
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Barnes-Hut: Clumps of Boxes?

Observation: The amount of work does not really decrease as we go up the
tree: Fewer boxes, but more particles in each of them.
But we already compute multipoles to summarize lower-level boxes. . .
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Barnes-Hut: Putting Multipole Expansions to Work

(Figure following G. Martinsson) ( y "Cx)‘:

To get a new ‘big" multipole from a ‘small’ multipole, we need a new
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