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e I(: e 1S & loof)/ Hea delek e, 4 form a neu
4@ 6{7\‘;\‘ G uth E-1 edja and F'i foces.

?
By indukive  pethss, - (E-1) + (F-1) = 2.
Se \J-E+F= 2.

I’\ PA{'IU!/‘ CGJ{/ G SA(‘FSG':; \/’6"‘(5 = 2-

Q\)E,S'WOU’ HO\) Mal\/ '{‘fl\m\j)es in a +F;agdlﬂ{'k)l\ -
o pofn{' sef €

h?’ S ‘Ad“ '00/«('}
k= 1L Tadeiar point

F"""‘ t/ ‘H\& }\JMLV’ af W;anJL%_

Cﬂw\w’ OFQP)\ G

Qv «h -7 = 2() + §- 2= 8 =t
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How Many Triangles in a Triangulation?
MATH 261 Computational Geometry

Suppose point set S has h points on its convex hull and k points in its interior. (Assume the points
of S are not all collinear.) Let planar graph G be a triangulation of S.

Use the following steps and Euler’s formula to determine ¢, the number of triangles in G.

1. Express V, the number of vertices of GG, in terms of i and k.

V= h+k

2. Express F, the number of faces of G, in terms of .
F et

3. Express F, the number of edges of G, in terms of h, k, and ¢t. To do this, count the edges of each
triangular face, then add the edges of the unbounded exterior face.

t ‘]’rianjle,s hove a4 dotfal 3t e,,(des (douue—waah ‘ateriar o{;es)

Convex 3l has L edges

So E ‘l’\J;CC HQ, Noa ko e( e{?&j s ZE = %f},
hes,

4. Express Euler’s formula in terms of h, k, and ¢. Then solve for ¢.
£ +
V-E+F = (wek) - 224 (6+1) = 2
\

So'\)ﬂ. &r t

k
k
L
N
:

Bonus: How many edges are in G? u’* 2 k - 7

1)
A~
V_
Y
X
-3
S
0
-~
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O beecsation Somd—?mes/ two ‘\'f?apj\;\al-;o/\g ore  almosk 4,

Sare, ot du{‘\[@' ’O/ a 5?th¢ "edje -F//P'.I

EXAMPLE:

Thb FL‘P G‘RAPH o@ o PO,‘I\‘/_
wt S B8 o« ﬂrqpl« vhose,  Jorfices

art 'H/le, "‘rl\at\JulaL‘f‘l'o»_g 04 S, T&w

gottes T ad T,  a
edge i
’H:rr{d ""'

conneched by an
one ol?adomf of T, can be

obtah TZ )

EXMMPLE: Costwet  the flp  graph i

Y

§  points  in Condex /Jox."fiw\.

2
2
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Flip Graphs

MATH 261 Computational Geometry

1. Construct the flip graph for the following point set.

2. Construct the flip graph for the following point set.

¢ °
()

A ]

3. Let S be the 3 x 3 grid of points, shown below. Find triangulations 77 and 75 of S such that

the number of edge flips required to transform 7} into T5 is as large as possible. (This gives the
diameter of the flip graph of S).
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Triangulations and Edge Flips
MATH 261 Computational Geometry

1. Consider the following set of points S. Label the points pi,ps,...,p, from left to right. If the
incremental algorithm is used to triangulate S, which triangles are incident to p,? Draw all such

triangles below.

Pn

2. Suppose a triangulation of S (same S as above) includes the edges shown below. Find a sequence
of edge flips that transform these edges into the edges you drew above. That is, you want to
transform the edges such that the triangles incident to p, are exactly those produced by the
incremental algorithm on S.
']’l‘e STAR of o Jerdex
.Is "'{AQ' \.ll\:w\ o‘c a“ ‘H“.‘J’CS
vacodten + Hat Verfexe

3. Generalize your observations from #1 and #2. Let S be any set of n points in the plane, and let p,
be the rightmost point of S. Given any triangulation of S, can you always find a sequence of edge
flips that result in the triangles incident to p, being exactly those produced by the incremental
algorithm on S? If so, find an algorithm that achieves the edge flips. If not, give a counterexample.

Yes
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n FO"M'S/ \‘M—L’A;S lon

4. In your algorithm for #3, what is the largest number of edge flips that might be required? (Your

answer should depend on n). \

a n-3

5. What is the largest number of edge flips that might be required to transform some triangulation of
S into the triangulation produced by the incremental algorithm? What does this imply about the
diameter of the flip graph of S? (The diameter of the flip graph is the length of the longest path
between any two nodes in the graph.)
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THEOREM" -rl‘b FI:{) \j“lpl‘ of a,y PO;AI’ set

a Yhe P,ane, is Coanected.

Preot:  First, order  points by  x-coordinede.
Lot Tu be the Frimplation resultiy fom e incremeddsl algerthe.
We il chow (by indictim on o pumbs of peints) fhat fny
‘}‘P?mﬂ\,lé\*l\o,\ can  be  traslorned  iah Te L/ ed’Je, 7[/,0!

bose case- IC n—.Z) Hen Fhe 0»‘/ f'rim\]dlaf;o,\ 8 a +vfm:7/e.
Ia rarﬁcu\wl T;g Vs Hrs -|~‘~,‘....Jle.

indoctiont  Assume  the H?f 3(091\ s Connecfed  Vhenever  the  point

set has 'peuer Hoan N poin']‘s.

Let S’ip./&,../hz with P~ He r‘-g“"“* point.
Let T be any fm‘m\Ju\a‘Hon Ry

Let 4 and b loe, 'H'le lw” verfies
ao‘jawM o pa- .

L\ T/ fe Pmkﬂ/ H«P eolde__s OaAAe.cf-‘j Pa .
to  convey vertices a  ster (Pa) .
(Tl\?x process decreases A‘jl‘ec (Pa\\ ) and *M.us most '/'Of‘mimmlc)

\/\/LM %e, conveyx Jertices 1A Stor (f:\} are, OI\l\/ 0‘|‘ P"l a/ and lo)
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