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Q: How efficiently does this taffy puller stretch taffy? y y p y
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Q: How efficiently does this taffy puller stretch taffy? 

Let bk = # intersections with vertical arc

Q: What is the growth rate of bk?
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Stretch factor: φ2 ≈ 2.618



Nielsen-Thurston Theoryy



The Nielsen-Thurston ClassificationThe Nielsen Thurston Classification
Every homeomorphism on a surface is one 

of the following types:of the following types:

1) Finite Order (ie rotation)

2) Reducible: fixes disjoint union of curves

3) pseudo-Anosov: stretches every curve 
exponentially (ie taffy puller) 



Measuring the Stretch Factor 

The taffy puller is an example of a homeomorphism on 

c = simple closed curve

fa = reference arc 

f = homeomorphismp

Stretch factor = 



The Nielsen-Thurston Classification 
Problem

OUTPUTFix s generators for Homeo(S)/

INPUT
OUTPUT

Finite order
Fix si , generators for Homeo(S)/~.

Algorithm Reduciblef = s1s2...sn

pseudo-Anosov
& stretch factor



TheoremTheorem

Margalit-Strenner-Yurttas: There exists a quadratic-time g q
algorithm for the Nielsen-Thurston Classification Problem. 



The AlgorithmThe Algorithm

Setup: Compute piecewise linear action of each si generator on   
“ f ”“space of curves.” 

Input: Homeo f: S  S 
Margalit-Strenner-

1) Compute 

2) Find matrix M for f acting on 

Yurtass: q exists

3) Compute largest eigenvalue of M (stretch factor) 



Our Work: Implementing MaCAWOur Work: Implementing MaCAW



ChallengeChallenge 

How to compute         , or even           ?       



Dehn Thurston CoordinatesDehn Thurston Coordinates

m1 = 1
m3 = 1
t3 = 0

1
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t1 = 0
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2m2 = 2
t2 = -1



Generators: Dehn Twists



A small sample of our work



Train tracks represent curvesTrain tracks represent curves 



MaCAW
1 S l d bl ( d t id tit ) l d f1. Solves word problem (word on generators = identity) on closed surfaces.

2. Approximates stretch factors on closed surfaces. 

3. Determines if a homeomorphism is periodic and finds its order. 


