DISCRETE

Setup “pointers” “floats”
O topo@y & geome@
= simplicial complex: “triangle mesh”
= 2-manifold K={V,E,T}
V={vi} E={eij} T={tiji} , _
= Euler characteristic
F—-E+4+V=2(1-g)=x
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A FIRST EXAMPLE

Gaussian curvature
m Gauss-Bonnet
27cx:/SKdA
m discrete

K, = 27E——}£:(Xi
lijk

}E:I(;:: ZTEX
i
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GEOMETRIC FLoOW (AREA)

Minimize area energy
= minimal surface: area gradient flow

EAZ/SldA S;=—VE, et

200As,, = Rn/z(vk — v]-)

ijk
1 \/ / ~ \'J.
Orvi=—Vy,.Ep = —EZ(cotociqucotocji)(vi— V)

el]
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MEAN CURVATURE FLOW

Laplace and Laplace-Beltrami
= Dirichlet energy

Au=0 min/(Vu)2
ulyq = uo

m on surface

1
8tv,~ = —(Hl’l)l = —EZ(CotOL,]—I-

leij
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PARAMETERIZATION

Harmonic function o)
= from surface to region in R2 N«
u.‘S-—>H§2 ﬁ: 55 I
Agu =0 - NK‘:\ |
N e

= linear system e
= boundaries (.19

s | r
m Dirichlet/Neumann j ‘,‘5

CS177 (2012) - DISCRETE DIFFERENTIAL GEOMETRY

15

GEOMETRY-BASED APPROACH

Benefits v,0
= everything is geometric L 16
m often more straightforward C

m tons of indices: forbidden! ~

The story is not finished...
= still many open questions
m in particular: numerical analysis
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WHAT MATTERS?

Structure preservation! S
= symmetry groups Size

m rigid bodies: Euclidean group

m fluids: diffeomorphism group

m conformal geometry: Modbius group

= many more: symplectic, invariants,
Stokes’ theorem, de Rham

complex, etc. (pick your favorite...)
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THEMES FOR THIS CLASS

What characterizes structure(s)?
= dealing with shape

m Euclidean invariance &
= dealing with physics
m conservation/balance laws

= importance of measures A, Aﬁ

® mass, area, curvature, flux, circulation

&
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THINGS TO COVER

Differential Geometry
= curves and surfaces (volumes)

= computational topology

= (discrete) exterior calculus
= geometric flows

= parameterization

= discrete connections
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