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Constructing the universal cover
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Curve lifting

A curve in the original surface can be lifted to the universal covering space

A closed non-trivial loop can be lifted to an open path in the universal covering space

Key idea : many topological 
problems can be solved on 
the universal cover easier 
than on the original 
surface.



Homotopy detection
Homotopically trivial 
loops are lifted to closed 
loops in the covering 
space.



Homotopy detection
Homotopically non-trivial 
loops are lifted to open 
curves in the covering 
space.



The Shortest Loop
Given a non-trivial a loop on a surface, write an algorithm that computes  a 
loop b in the same homotopy class of a such that b is as short as possible. 
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The Shortest Loop

Given a non-trivial a loop on a surface, write an algorithm that computes  a 
loop b in the same homotopy class of a such that b is as short as possible. 



The universal cover and the fundamental domain

Fix a vertex v and loop a 
that passes through and 
we want to find the 
shortest loop homotopic 
to a that passes through v.

v
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Idea of the algorithm
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The shortest loop through a given point
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