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ADMINISTRIVIA

=Homework 1 1s due 9/21 (next Monday)

= Starting from Homework 1, group submission up to 2 people







WHAT IS B SURFACE?

=Formally, a surface (without boundary) is

R Haussdorff topological space,
that 1s locally homeomorphic to the plane.




WHAT IS B SURFACE?

=Formally, a surface (with boundary) is

R Haussdorff topological space,
that 1s locally homeomorphic to the plane or the half-plane.
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MYTHIC
CREATURE
EXHIBITION
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TECH-SPEC OF THE FABRIC

=Bendable and stretchable




TECH-SPEC OF THE FABRIC

=Bendable and stretchable

=Can phase-through itself O @

@



TECH-SPEC OF THE FABRIC

=Bendable and stretchable

=Can phase-through itself
=NOT cuttable...




TECH-SPEC OF THE FABRIC

=Bendable and stretchable

=Can phase-through itself

=NOT cuttable...
...unless you glue 1t bhack







EXAMPLE:
PACMEAN SPACE




EXAMPLE:
PACMEAN SPACE
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EXAMPLE:
PACMAN SPACE







UPSIDE-DOWN
PACMAN?




EXERCISE: WHAT IS THIS SURFACE?



hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x


hcsoso x



EXERCISE: WHAT IS THIS SURFACE?




EXERCISE: WHAT IS THIS SURFACE?

Yes, definitely a
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EXERCISE: WHAT IS THIS SURFACE?
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EXERCISE: WHAT IS THIS SURFACE?
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EQUIVALENCE

= Homeomorphism =Homotopy equivalence
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SURH{CE CLASSIHC BTION veoius 1861] DehnHeegaard 1907] [Rads

Every connected surface 1s homeomorphic to the following:
= Sphere with g handles (g, 0) (plus houndaries)

=Sphere with r cross-caps (0, 1)




THEOREMS WE SECRETLY ASSUMED

=Triangulation Theorem (Kkerékjario-Rado 1925]
= Any surface can be cut into triangles

=Refinement Theorem voise 1977]
= Any two triangulations have a common refinement







Conway's ZIP PRroor




Conway's ZIP PRroor




K=P#P

Exchanging two cross-caps
for a cross-handle




T#P=K#P

Handles and cross-handles
are the same when
cross-caps are presented




TRADING

=When cross-handles or cross-caps are presented
= Turn all handles and cross-handles into cross-caps

= Otherwise, only handles exist




DEALING WITH BOUNDARIES




INTERMISSION

w EXERCISE:
What 1s this surface?

RvCKReNoy
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TREAT CUTTING-LINES AS GRAPHS




TREAT CUTTING-LINES AS GRAPHS
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GRAPH DETE STRUCTURE
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An incidence list representation of a graph, with the dart records for two edges emphasized.
For clarity, most reversal pointers are omitted. O
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DUAL SURFACE GRAPH
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PoryGoNAL SCHEMEA IS ROTATION SYSTEM




THEOREMS WE SECRETLY ASSUMED

=Triangulation Theorem (Kkerékjario-Rado 1925]
= Any surface can be cut into triangles

=Refinement Theorem (voise 1977

= Any two triangulations have a common refinement

=Existence of rotation system
= Every surface-embedded graph has a rotation system







TREE-COTREE DECOMPOSITION

primal G : dual G* primal G dual G*
vertex v face v* empty loop spur
dart d dart d* loop bridge
edgee edge e* cycle bond
face f vertex f* even subgraph edge cut
..... tall(d)left(d*) spanning tree i complement of spanning tree
head(d) | right(d) e e G e
........ succrevosucc G /e G\ e
clockwise counterclockwise minor G\X /Y minor G*\ Y* / X*

Correspondences between features of primal and dual planar maps




EULER,S FORMUL ﬁ [Euler 1750] [Legendre 1794] [Cayley-Listing 1861 ]
For any plane graph G,
V.—E. +I.=2




NEXT TIME.
Surface hard to visualize?
The space 1s weird?




