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Disclaimer 

 We assume that you are familiar with the 

notions of 

 C++ 

 Inheritance (OOP) 

 C++ Templates (Generics in Java) 
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CGAL – Goals 

 Robust geometric computing 

 Robust (correctness, degeneracies) 

 Efficient (nevertheless: reasonable fast) 

 Ease of use (for users) 

 Homogeneity 

 

 Geometric computing  

 Generic programming 

 Exact Geometric Computing Paradigm (by Yap)  - all 

predicates asked by a combinatorial algorithm  

compute the correct answer 
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CGAL –Ingredients 

 Implementations of geometric 

 Objects + Predicates + Constructions , Kernels 

 Algorithms + Data structures 

 Objects : Points, Lines, Segments,  Circles 

 Predicates: Orientation, Intersections 

 Kernels: Objects + Predicates + Number types 

 Algorithms: Convex Hull, Triangulations, Minkowski 

sums 
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CGAL – Number Types 

 Built-in:  

 int, double - fast, inexact 

 CGAL 

 Exact: Quotient, MP_Float, 

 Lazy_exact_nt<NT> (first tries an approximation) 

 Algebraic kernel 

 BOOST: 

 Interval 

 GMP 

 Gmpz, Gmpq 

 LEDA & CORE 

 Integer, Rational 
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Generic Programming 

 Generic implementations consists of 2 parts: 

 Instructions that determine control-flow or updates 

 Set of requirements that determine the properties the 

algorithm’s arguments/objects must satisfy 
 We call such a set a  „concept 

 It is abstract, i.e., not working without being instantiated by a model 

that fulfills the concept 
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Generic Programming (cont) 

 template <class T> 

 void swap(T& a, T& b)  

 {  

   T tmp = a;  

   a = b;  

   b = tmp;  

   return; 

 } 

 Argument: type  „T which must be 

 default constructible ‰ 

 Assignable 

 Usage: 

   int a = 2; 

   int b = 4;  

   std::swap(a,b) 
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General Contents 
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General Contents – Project Folder 
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 General files required for the project. 

 There is no need to change these files. 

 

 Includes.h  - General include files used by all 

components 

 Globals.h  - Global constants 

 CompilationFlags.h  - Compilation flags 

 CgalTypedefs.h  - General typedefs 

 Configuration.h Configuration.cpp 

 Configuration.h, Configuration.cpp - A class 

that reads and stores a configuration file 

   



General Contents – Programs Folder 
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 Contains a simple program that calls 

an example of the MMS framework  

 Declared in Path_planner.h  

 Implemented in Path_planner.cpp  

 

 We will cover this example thoroughly 



General Contents – Input Folder 
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 Demo scenarios we will supply 

 Configuration file configuration.txt 



General Contents – Utils Folder 

 Includes many utilities used by the MMS 

framework. 

 Geomtric utilities (such as bounding 

volumes and point comparison)  

 Interval utilities (such as intervals and 

interval sets)  

 Number type utilities (such as 

conversions between algebraic and 

rational numbers and the approximation 

of square root numbers), 

 Polygon utilities (such as intersection 

predicates, translations and rotations of 

polygons and more) 

 Utilities supporting random generation of 

numbers and geometric objects, 

 Rotation utilities (such as representing a 

rational rotation and converting between 

angles and rotations), 
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General Contents – Graph Folder 
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 Graph.h - wrapper class around the 

boost graph library  

 ConnectedComponents.h, 

ConnectedComponents.cpp -

Implementation of queries on the 

connected components of the graph 



General Contents – Configuration 

Spaces Folder 
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 Implementation of configuration 

spaces for  

 translating robot (AnglePrimitive)  

 rotating robot  (PointPrimitive) 

 Each folder contains a file named 

ConfigurationSpace.h with the 

implementation 



General Contents – Configuration 

Spaces Folder 

18 

 

 Implementation of configuration 

spaces for  

 translating robot (AnglePrimitive)  

 rotating robot  (PointPrimitive) 

 Each folder contains a file named 

ConfigurationSpace.h with the 

implementation 



General Contents – Manifolds Folder 
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 Unified interface for the decomposition of 

configuration spaces into FSCs.  

 Base classes 

 Constraint_base.h – represents a 

constraint that defines a manifold 

 FSC_base.h – represents a free space 

cell in the decomposed manifold 

 Manifold_base - represents a container 

of FSCs 

 Manifold_container_base - represents a 

container of manifolds 
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 Unified interface for the decomposition of 

configuration spaces into FSCs.  

 Base classes 

 Constraint_base.h – represents a 

constraint that defines a manifold 

 FSC_base.h – represents a free space 

cell in the decomposed manifold 

 Manifold_base - represents a container 

of FSCs 

 Manifold_container_base - represents a 

container of manifolds 

 Inherited classes 

 General Files 



General Contents – Path Planning 

Folder 
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 Local planners in different FSCs. 

 Not everything will be supplied but the 

infrastructure exists 



Example - single_robot_planner_example 

22 



Example - single_robot_planner_example 
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Example - class Mms_path_planner_example 
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GUI 

 Scene generation 

 Path visualization 
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Tips 

 Use precompiled headers 

 CGAL Manual 
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