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Cgal Goals

■ “make the large body of geometric algorithms developed
in the field of CG available for industrial and academic
applications”

■ Promote the research in Computational Geometry (CG)
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Cgal Goals

■ “make the large body of geometric algorithms developed
in the field of CG available for industrial and academic
applications”

■ Promote the research in Computational Geometry (CG)

➥ Develop robust programs
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Cgal History

Written in C++
Follows the generic programming paradigm

Development started in 1995

Geometry Factory was created in 2003

Consortium of 6 active European sites:

➊ Utrecht University

➋ INRIA Sophia Antipolis

➌ ETH Zürich

➍ MPII Saarbrücken

➎ Tel Aviv University

➏ Freie Universität Berlin

➐ RISC Linz

➑ Martin-Luther-Universität Halle

The Cgal Arrangement Package ➥ ➠ ➡ ➠ ✇ ■ ? ✖

http://www.geometryfactory.com/


Cgal in numbers

■ 350.000 lines of C++ code

■ ∼2000 pages manual

■ Release cycle of ∼12 months

■ Cgal 2.4: 9300 downloads (18 months)

■ Cgal 3.0.1: 6200 downloads (8 months)

■ 4000 subscribers to the announcement list (7000 for gcc)

■ 800 users registered on discussion list (600 in gcc-help)

■ 50 developers registered on developer list
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Commercial Customers of Geometry Factory
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Cgal Structure

Basic Library

Algorithms and Data Structures

Kernel
Geometric Objects of constant size
Geometric Operations on object of constant size

Support Library

configurations, assertions,...

Visualization

Files

I/O

Number Types

Generators
...
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Cgal Projects in TAU
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Arrangements

Given a collection Γ of planar curves, the arrangement A(Γ)

is the partition of the plane into vertices, edges and faces

induced by the curves of Γ

An arrangement of lines An arrangement of circles
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Arrangement Background

■ Arrangements have numerous applications
● robot motion planning, computer vision, GIS,

optimization, computational molecular biology

A planar map of the Boston area showing the top of the arm of cape cod.

Raw data comes from the US Census 2000 TIGER/line data files.
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Arrangement Goals

■ Construct, maintain, modify, traverse, query and present

subdivisions of the plane

■ Robust and exact

● All inputs are handled correctly (including degenerate)
● Exact number types are used to achieve exact results

■ Efficient

■ Generic, easy to interface, extend, and adapt

■ Part of the Cgal basic library
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Arrangement Traits

■ Separates geometric aspects from topological aspects

● Arrangement 2<Traits,Dcel> — main component1

■ Parameter of package

● Defines the family of curves in interest
● Package can be used with any family of curves for which

a traits class is supplied

■ Aggregates

● Geometric types (point, curve)
● Operations over types (accessors, predicates,

constructors)

1Efi Fogel, Dan Halperin, Idit Haran, Ron Wein, and Baruch Zukerman

The Cgal Arrangement Package ➥ ➠ ➡ ➠ ✇ ■ ? ✖



Arrangement Traits Requirements

■ Types: Curve 2, X monotone curve 2, Point 2

■ Methods:
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➊ Compare two points
➋ Determine the relative position of a point and

an x-monotone curve
➌ Determine the relative position of two x-

monotone curves to the left (or right) of a
point

➍ Subdivide a curve into x-monotone curves

➎ Find all intersections of two x-monotone curves
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Arrangement Architecture

Arrangement_2<Traits,Dcel>

Arr_default_dcel

Arr_non_caching_segment_traits_2

Arr_segment_traits_2

Arr_polyline_traits_2

Arr_conic_traits_2

Arr_non_caching_segment_basic_traits_2

Inheritance

refinement

pointers

A model of

ArrangementDcel

ArrangementBasicTraits 2

ArrangementTraits 2
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Point Location

Given a subdivision A of the space into cells and a query point

q, find the cell of A containing q

Goals

■ Fast query processing

■ Reasonably fast preprocessing

■ Small space data structure
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Point-Location Strategies

Naive Walk RIC Landmarks Triangulat PST

Preprocess
time

none none O(n log n) O(k log k) O(n log n) O(n log n)

Memory
space

none none O(n) O(k) O(n) O(n log n)(∗)

Query
time

bad reasonable good good quite good good

Code simple quite
simple

complicated quite
simple

modular complicated

Walk — Walk along a line
RIC — Random Incremental Construction based on Trapezoidal Decomposition
Triangulat — Triangulation
PST — Persistent search tree

(*) Can be reduced to O(n)

k – number of landmarks
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Landmark Point-Location Strategy (jump & walk)

■ Select landmarks: vertices, random points, grid, Halton,

etc.2

■ Store landmarks in nearest neighbor search structure, locate

landmarks in arrg using batched point location (sweepline)

■ For query q: find nearest landmark `, walk from ` to q

■ Much faster than Cgal’s naive or walk strategies

■ Much faster preprocessing than Cgal’s RIC strategy

■ The best combined performance — see next slide

■ The ultimate effective strategy? if programming effort and

maintainability are considered as well

2Idit Haran and Dan Halperin
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Landmark Point-Location: performance
example
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■ ≈ 1.5 Million line
segments

■ Logarithmic scale

■ Seconds per query

cost(m) =
preprocessing time

m
+ average query time
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The Complexity of the Outer Face

Outer Face — the unique unbounded face in A(Γ)

Outer Face Complexity — the number of edges in the

Outer Face (without repetitions)3

c1

c2

c3

c4

c5

c6

c7

(1,0)

(4,−1)

(3,−2)

(6,0)

(3,2)

(4,1)

The outer-face complexity is 6

3Oren Nechushtan, Noga Alon, Dan Halperin, and Micha Sharir
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The Complexity of the Outer Face

■ Concentrating at random-segment arrangements

■ Striving to compute the precise complexity

■ Gives an improved analysis of the walk point location
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