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Basic geometric shortest path algorithms — shortest paths in 2D

polygon polygonal domain
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Basic geometric shortest path algorithms — shortest paths in 2D

(x2,y2)

length = v/ (x2 — x1)2 + (y2- x1)2
(x1,y1)

No one knows a polynomial time algorithm for this question:
Given a path of line segments, is the length < t?

problem : Sum of Sqnare roots

no kﬂ/\mm/\ —Pa&d- LOWV\-A ‘h/\:t{2 lal"l'S
o dade S Jap = <.

Assume real RAM model of computation.
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, two points S, T, find the shortest path from Sto T

Euclidean shortest paths in the presence of rectilinear barriers

Funnel algorlthm DT Lee, FP Preparata - Networks, 1984 - Wiley Online Library
Cited by 345Related articlesAll 3 versionsCiteSave

O(V\) From: http://scholar.google.ca/scholar?g=lee+preparata&btnG=_&hl=en&as sdt=0%2C5

First find a triangulation in linear tirme
—wat plementab (e
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Aside: Triangulations computational

geometry books
Fact: every simple polygon of n vertices has a triangulation with n-3 chords.

T’f' lo‘/ ?V\dWQ’HOV\‘ Just 5‘;\0‘\/\) fj 6wy C(\om\« s,
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Computational
Geometry

A

Good O(n log n) time algorithms.

= http://www.cs.uu.nl/geobook/

Daniel Vlasic

O(n) time algorithm, but not implementable:

Triangulating a simple polygon in linear time
B Chazelle - Discrete & Computational Geometry, 1991 - Springer

Cited by 805Related articlesAll 18 versionsCiteSave
From: http://scholar.google.ca/scholar?g=chazelle+linear+time+triangulation&btnG=&hl=en&as sdt=0%2C5

O(n) time randomized algorithm: A/ +o pr s P/V\-k_

A randomized algorithm for triangulating a simple polygon in linear time @) heep://books.google.ca/books/about/Computational G«
NM Amato, MT Goodrich, EA Ramos - Discrete & Computational Geometry, 2001 - Springer
Cited by 21Related articlesAll 4 versionsCiteSave

From: http://scholar.google.ca/scholar?hl=en&g=A+Randomized+Algorithm+for+Triangulating+a+Simple+Polygon+in+Linear+Time&btnG=&as sdt=1%2C58&as_sdtp=

Fact: every polygonal region of n vertices and h holes has a triangulation with n+h-3 chords.
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, two points S, T, find the shortest path from Sto T

Funnel algorithm

the dual of the triangulation is a tree
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, two points S, T, find the shortest path from Sto T

Funnel algorithm

find the path of triangles from Sto T
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, two points S, T, find the shortest path from Sto T

Funnel algorithm

go along the path of triangles, maintaining all shortest paths from S leaving the
mouth of the current triangle
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, two points S, T, find the shortest path from Sto T

Funnel algorithm, general step
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Joseph Mitchell

Running time
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
query version: Given a polygon, point S preprocess to handle query: given T, find the shortest path
fromStoT.

measure P, S, Q i"\ef‘ '{"\W\Q ‘P‘é /O ( I/\,v
\SE SFW}L SR S€ 0w
?re,?rofquwj —Lu/\/\{ QE O C @J V\B —~ for W\f\
O (Lagn + )~ forr actul

Linear-time algorithms for visibility and shortest path problems inside triangulated simple polygons P ﬂi’ﬁ\
L Guibas, J Hershberger, D Leven, M Sharir, RE Tarjan - Algorithmica, 1987 - Springer ¢
From: http://scholar.google.ca/scholar?hl=en&g=Linear-Time+Algorithms+for+Visibility+and+Shortest+Path+Problems+Inside+Triangulated+Simple+Polygons&btnG=8&as sdt=1%2C5&as_sdtp= K = _&: [/O\h_oﬁ

GWVM

mm Computing minimum length paths of a given homotopy class
J Hershberger, J Snoeyink - Computational geometry, 1994 - Elsevier
Cited by 140Related articlesAll 2 versionsWeb of Science: 62CiteSave

From: http://scholar.google.ca/scholar?q=Computing+minimum-+length+paths+of+a+given+homotopy+class&btnG=&hl=en&as sdt=0%2C5

N sipler dofa shrchure.
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Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, point S preprocess to handle query: given T, find the shortest path from Sto T

Idea of algorithm

~fraresSe. Ane! Hree ! !
root (S ) 4o LemreS Find Lnels +o &Uape(ﬁgzw\ @%@g
wplicts shordest paHfg Fiow S

what if query point T is not a vertex?
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how to split funnels efficiently g 6 ['L
what if S is not a vertex?
\\—S I\J—U

C -



CS 860 Fall 2014 polygon - funnel alg. Anna Lubiw, U. Waterloo

Basic geometric shortest path algorithms — shortest paths in 2D polygon
Given a polygon, point S preprocess to handle query: given T, find the shortest path from Sto T

Idea of algorithm
Issues
how to split funnels efficiently
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what if S is not a vertex? what if query point T is not a vertex?
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Aside: Planar Point Location

Fact: Given a straight-line planar decomposition of size n, can preprocess in time O(n), to data
structure of size O(n) to handle query of the following type in time O(log n): given a point p, which

region is it in?
W http://en.wikipedia.org/wiki/Point_location
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Basic geometric shortest path algorithms — shortest paths in 2D polygon

2-Point Query Version: Given a polygon, preprocess to handle query: given S, T, find the shortest
path from Sto T.

P=S=0(n)
Q = O(log n + k)

Htme) Optimal shortest path queries in a simple polygon

LJ Guibas, J Hershberger - Journal of Computer and System Sciences, 1989 - Elsevier
From: http://scholar.google.ca/scholar?cluster=8433806075988061775&hl=en&as sdt=0,5

A new data structure for shortest path queries in a simple polygon

J Hershberger - Information Processing Letters, 1991 - Elsevier
From: http://scholar.google.ca/scholar?q=A+new+data+structure+for+shortest+path+queries+in+a+simple
+polygon&btnG=8&hl=en&as sdt=2005&sciodt=0%2C5&cites=8433806075988061775&scipsc=

coulld P Feg@wJD .
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Basic geometric shortest path algorithms — shortest paths in 2D polygonal domain
Given a polygonal domain, two points S, T, find the shortest path from Sto T

’ » k@L‘Q/
< H fofes = A
‘,gf Hvendices = n

Why n log n is a lower bound if we can only compare numbers

input N numbers to sort: x1. . xn . ‘[795 H\u-( i/\‘(‘fj—ey—g

construct this input for shortest path problem:
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Basic geometric shortest path algorithms — shortest paths in 2D polygonal domain
Given a polygonal domain, two points S, T, find the shortest path from Sto T

Reducing to a graph problem

S
Claim. The shortest path uses segments that
join pairs of vertices of the polygonal domain.
Shord aud™ g
S o
Algorithm:

construct the visibility graph
apply Dijkstra’s algorithm

ard (0&3& (u)u's rf
Une Segwent (u,u)
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Basic geometric shortest path algorithms — shortest paths in 2D polygonal domain
Given a polygonal domain, two points S, T, find the shortest path from Sto T

Reducing to a graph problem

Algorithm:
construct the visibility graph
apply Dijkstra’s algorithm

Run time @(W\ JrV\qu/SV\v m:‘ﬁfz%/gg — C oM\ LQ V\(L

\>An output-sensitive algorithm for computing visibility graphs
SK Ghosh, DM Mount - SIAM Journal on Computlng 1991 SIAM

From: http://scholar.google.ca/scholar?q=An+output- sensmve+algor|thm+for+computlng+V|5|b|Iltyig@phs&btnG:&hI:en&as sdt=0%2C5

A Uis: graphs are dense
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