
Solving Problems Of Computational Geometry
By Means Of Geometric Constructions

Computational geometry is a branch of computer science focused on studying
algorithms and methods for solving geometric problems in various fields. These
problems often involve finding optimal solutions for geometric arrangements and
configurations. While there are several approaches in computational geometry,
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one powerful and intuitive technique is through the use of geometric
constructions.

What are Geometric Constructions?

Geometric constructions refer to the process of creating or reproducing geometric
figures using only a compass and a straightedge. The compass is used for
drawing circles and arcs of a given radius, while the straightedge is used for
drawing straight lines.
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Through the use of geometric constructions, complex geometric problems can be
simplified and solved by breaking them down into a series of construction steps.
These steps involve drawing lines, constructing circles, and marking points of
intersection.

Benefits of Geometric Constructions in Computational Geometry

Using geometric constructions in computational geometry offers several benefits:
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1. Visualization: Geometric constructions provide a tangible and visual
representation of the problem at hand. This enables a deeper understanding
of the problem and helps in formulating effective solutions.

2. Intuition: Geometric constructions leverage our geometric intuition and
natural sense of space. By using basic tools, we can explore different
possibilities and gain insights into the problem.

3. Problem Simplification: Complex geometric problems can be decomposed
into simpler steps through constructions. This simplification makes it easier
to analyze and solve problems, especially in computational settings.

4. Efficiency: Geometric constructions can lead to efficient algorithms and
solutions. The simplicity of the construction process allows for quick
prototyping and testing of ideas, ultimately leading to optimized methods for
computational geometry problems.

Applications of Geometric Constructions in Computational
Geometry

Geometric constructions find significant applications in solving various problems
across computational geometry. Some notable areas include:

Triangulations:

Triangulations involve dividing a polygon or a set of points into triangles. This
process is widely used in computer graphics, mesh generation, and
computational physics. Geometric constructions provide a method for
constructing efficient and optimal triangulations.

Voronoi Diagrams:



Voronoi diagrams are fundamental structures in computational geometry that
partition a space based on the proximity to a set of input points. Geometric
constructions can be used to construct Voronoi diagrams, enabling efficient
querying and analysis of spatial data.

Convex Hulls:

The convex hull of a set of points represents the smallest convex polygon that
encloses all the points. Geometric constructions offer intuitive ways to compute
convex hulls, facilitating algorithms for collision detection, robotics, and
geographic information systems.

Noteworthy Geometric Construction Algorithms

Several geometric construction algorithms have been developed to solve
complex computational geometry problems. Some notable algorithms include:

Compass-and-Straightedge Algorithm:

The compass-and-straightedge algorithm is the basic method for performing
geometric constructions. It relies on the use of a compass to draw circles and a
straightedge to construct lines. This algorithm forms the foundation for many
other specialized construction algorithms.

Triangulation Algorithms:

Various triangulation algorithms, such as the Delaunay triangulation, use
geometric constructions to decompose a polygon or set of points into triangles.
These algorithms play a crucial role in computer graphics, computational physics,
and mesh generation.

Voronoi Diagram Algorithms:



Algorithms for constructing Voronoi diagrams often utilize geometric constructions
to define the boundaries and regions based on the proximity to input points.
These algorithms are essential for spatial analysis, nearest neighbor search, and
computational geometry.

Geometric constructions have proven to be a valuable tool in solving problems in
computational geometry. With their visualization capabilities, intuitive nature, and
ability to simplify complex problems, these constructions play a significant role in
algorithm design and solution optimization.

As the field of computational geometry continues to advance, exploring and
refining the use of geometric constructions will lead to new and improved
algorithms for solving a wide range of geometric problems.

By combining the power of computation with the elegance of geometric
constructions, we can unlock innovative solutions that further our understanding
of the world around us.
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Geometric problems can be solved in two ways, by calculating the solution or by
its construction. The classical means of geometric constructions, the straight
edge/ruler and the compass, are very limited in their capabilities. Most geometric
problems cannot be solved by constructing the solution with their help. That is
why until recently they were solved numerically with the help of algorithms of
Computational Geometry. However advances in optical technology allowed
solving them by step-by-step formation of an optical image of the solution. Such
image formation is nothing else but its step-by-step construction by optical
means. Just not a ruler and a compass are used to draw a solution on a sheet of
paper, but optical devices are used to step-by-step transform the images of the
given figures (represented as optical transparencies) into an image of the solution
to a problem. This book is an to the theory of such geometric constructions with
the help of optical devices. It presents step-by-step procedures for transforming
the light wave images of the given figures into images of solutions to various
geometric problems. Such procedures are dubbed optical algorithms in the book.
The book is thereby the first presentation of the theory of optical algorithms.
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