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Overview of Concepts

Trusses

Definition of a Truss

2-dimensional truss 7 = (n, {v

planar graph with vertices [n] = {1,...,n} and edges E

vertex i located at v; € R?

edge e = (i, j) represents bar, or truss element, from v; to v;
weight y(e) > 0 determined by bar's material and cross-section
triangular faces of truss are called truss faces

every edge must be part of a truss face
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T is stiffly-connected if
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Stiffness Matrix

o [Fi] = 2ty [uiuj  —ujuf] [d;
F; vi—vil |—ujul  uju d;
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Stiffness Matrix A1
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Our Result

For stiffness matrix A7 of a truss 7 with angles, element lengths, and
weights in constant-bounded ranges we can find in time O(n) a
preconditioner B such that:

o k(A,B) = O(n'/?)

@ we can Cholesky factorize B in time O(n%/%)

Our algorithm solves systems in Ar within relative error € in time
O(n*/*log 1)
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Fretsaw Extensions

Definition (Shklarski Toledo '06)

The fretsaw extension of a truss 7 is a truss 7’ with the same faces as
7T, but with some vertices split into multiple copies.

o rigidity graph of 7’ subgraph of rigidity graph of 7.
@ rigidity graph close to tree = can be quickly Cholesky factorized
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Fretsaw Extensions

o Low-Congestion Augmented Spanning Trees of [EEST '06, ST
'06] yield good choice of fretsaw extension.

@ each edge in 7 is supported by “truss path” in 77,
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Path Lemma

For truss element (/) and “truss path” 7(; jy of length t connecting i
and j, we have:

)\max(A(i,j)a AT(,‘,J')) = O(ts)

provided the angles, elements lengths, and weights are in
constant-bounded ranges.
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Path Lemma

For truss element (/,j) and “truss path” 7(; jy of length t connecting i
and j, we have:

)\max(A(i,j)aAT(;,j)) = O(ts)
provided the angles, elements lengths, and weights are in
constant-bounded ranges.
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Path Lemma

For truss element (/,j) and “truss path” 7(; jy of length t connecting i
and j, we have:
)\max(A(i,j)aAT(i,j)) = O(t3)

provided the angles, elements lengths, and weights are in
constant-bounded ranges.
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Definition

Distortion of element is change in length projected onto original axis.

distort(i,j) = |0; — &;|:

o

N distort(i, j)?
TN e distort(e)?
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e Two green edges each get distortion ©(dx).
o Yellow edge gets O(tdy) additional distortion.



Support-Graph Preconditioners for Trusses
Path Lemma

@ kth pair of green edges get distortion ©(dy).
o Yellow edge (i,/) gets O(tdx) additional distortion at step k.



Support-Graph Preconditioners for Trusses
Path Lemma

@ kth pair of green edges get distortion ©(dy).

o Yellow edge (i,/) gets O(tdx) additional distortion at step k.
After all t steps:

e Total distortion on (i,/): O(t>_ dk)



Support-Graph Preconditioners for Trusses
Path Lemma

@ kth pair of green edges get distortion ©(dy).
o Yellow edge (i,/) gets O(tdx) additional distortion at step k.

After all t steps:
e Total distortion on (i,/): O(t>_ dk)
distort(i, j)? (t>di)* 0

— 3
Amax = > ece distort(e)? Sd?2 ()
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Open Questions

@ remove assumptions, improve running time
@ extend to 3D trusses

@ can this be implemented efficiently?
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