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Motivation

= PDescription of surface embeddings
[Yeshihisa, Kunii, & Kergosian|, 1991

=l [=ast Iseconiouring
IVan Kreveld, et. al.|, 1997

" [sosurface selection
IBajay;, Pascucel, & Schikere], 1997




Previous Work

O( n?) algorithm.
[Shinagawa & Kunii], 1994

O( n leg n ) algorithm. Approximate.
[Hilaga,, et. al.], 2001

Contour tree in O( nileg n + t o t ) )-
ICarr, Sneeyink, & Axen], 2001

Augmenied Contour tree In O +t e t))):

Paralielfalgoerithn.
ICole=Vieltaughlingé: Pascucei], 2002




Definition

= A Morse function, f, over a manifold, M,
IS a real-valued function with distinct
critical values.

= Jhe Reeb Graph, 5, ofi 7 Is obtained by,
contracting the components ofi £'(x) to
POINLS:
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Characterization of Topology

= Orientable surfaces are characterized by
genus, g, and number of bounaary
components;, 1.

B M=SHT Heee#T g toriit

B EUler chanacleristic;, o = 2= 29 +




Characterization of Topology

Number of index k critical points of f = ¢,
X =Co-Cq +C

he k'th Bettl number off V= rank =, (M) =[5,
%= Po = by 5

Surjection frem 5L (M) onto H. (/5)-

# of loops ='rank H-(R) = rank H. ()=,




Closed, Orientable Surafces

= # of loops in R = g.

" Construct R from R with the same
hemotopy: type.

= Remove degree 1l node (index 0. or 2).
= Remove degree 2 node (Index 1).

= Count remaining degree S nedes.




Closed, Orientable Surfaces

* n; = # of degree 3 nodes in R’.

*N3=0C - (Co+C) =-Yy=28-2

e#loopsof R"=(n;/2)+1=g.




Open, Orientable Surfaces

= Construct a closed surface by gluingih
discs o each boundary component.

= Gluing the discs either removes; loeps; fliom
/X' O NGL.

i g <# oliloeps <i2g + -1 =




Open, Orientable Surfaces

e Lower bound: No two boundary
components intersect the same
contour cycle.

e Upper bound: Example to the left
realizes the upper bound.

e Every boundary component creates
a loop 1n the Reeb graph.




Reeb Graph Algorithm

=




Reeb Graph Algorithm

= Data Structures: Cycles, Paths.

= Create/Destroy Cycles at extrema.

= Cut/Glue Cycles/Paths at saddle points.

= Proplem: iHow! o count Cycles/Pathns?




Cut/Glue Operations

Glue Cut

Isovalues:
I




Reeb Graph Algorithm

= Solution: Store Cycles/Paths in an efficient
data structure.

= |nefficient operation: Find.

" Balanced search tree or randomized
search tree.

= Fina has complexity: O(leg n)-




Reeb Graph Algorithm

m Store edges of Cycles/Paths at the nodes
of the seareh; tree.

= Al each saddle poeint use Find te decide
Which edges oii /&' to merge or split.

= Complexity O leg ) te: constiitct REED
Graphi




Future Work

= |5 this algorithm optimal?

= [Reeh graphs over S-maniiolds:.




Reeb Graph Algorithm
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