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Evolution is a fascinating and complex process that has shaped life on Earth for
billions of years. From the smallest microorganisms to the largest mammals, all
living organisms have undergone a continuous process of evolution. However,
evolution doesn't solely occur in the realm of biology. It also plays a crucial role in
solving complex problems in various fields, including artificial intelligence and

optimization.

Understanding Evolution Strategies

Evolution strategies are a class of optimization algorithms inspired by the
principles of biological evolution. These strategies simulate natural selection,
reproduction, and mutation to iteratively improve a population of candidate
solutions. They are widely used in the field of natural computing, where

researchers apply principles from nature to solve real-world problems.

Contemporary evolution strategies, in particular, have gained significant attention
due to their success in various domains. They have shown remarkable

performance in solving complex optimization tasks, such as training deep neural
networks, finding optimal solutions to engineering problems, and even designing

efficient drug molecules.
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Key Features of Contemporary Evolution Strategies

Contemporary evolution strategies have several distinctive features that set them

apart from traditional optimization techniques. These include:

= Large population sizes: Unlike some other optimization methods that rely
on a small population of candidate solutions, contemporary evolution
strategies often handle large populations. This allows for more diversity and

exploration in the search space, leading to better solutions.

= Efficient handling of noisy and uncertain environments: Evolution
strategies are robust to noisy and uncertain environments, making them
suitable for real-world problems where the objective function may be affected

by various sources of noise.

= Adaptation of mutation rates: One key aspect of evolution strategies is the
ability to adapt mutation rates during the optimization process. This
adaptation ensures a fine balance between exploration and exploitation,

enabling the algorithm to converge to high-quality solutions.

= Parallelization: Contemporary evolution strategies can take advantage of

parallel computing architectures to speed up the optimization process. This
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parallelization allows for faster evaluations and increased exploration in

large-scale optimization problems.

Applications of Contemporary Evolution Strategies

The versatility of contemporary evolution strategies enables their application in

various fields. Some notable applications include:

Optimizing Neural Network Architectures

Neural networks are essential components of many machine learning models.
Optimizing the architecture of neural networks is a challenging task, as it requires
finding the optimal combination of layers, neurons, and connections.
Contemporary evolution strategies have proven to be effective in searching for
optimal neural network architectures, leading to significant improvements in

performance.

Solving Complex Engineering Problems

Engineering problems often involve complex constraints and multiple objectives.
Contemporary evolution strategies excel in tackling these challenges by efficiently
exploring the solution space and finding trade-offs between conflicting objectives.
They have been successfully applied in areas such as structural design,

scheduling, and resource allocation.

Drug Design and Discovery

The process of designing new drug molecules is a time-consuming and
expensive task. Contemporary evolution strategies offer a promising approach to
optimize and automate the drug design process. By exploring a vast chemical
space and considering various molecular properties, these strategies can help

researchers identify potential drug candidates with higher success rates.



Contemporary evolution strategies have revolutionized the fields of artificial
intelligence and optimization. By incorporating the principles of natural evolution,
these strategies provide effective and efficient solutions to complex real-world
problems. With their ability to handle large populations, adapt to uncertainty, and
parallelize computations, they continue to push the boundaries of what is possible

in natural computing.

If you're interested in harnessing the power of evolution to solve challenging
problems, exploring contemporary evolution strategies is undoubtedly an exciting

and valuable pursuit.
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This book surveys key algorithm developments between 1990 and 2012, with
brief descriptions, a unified pseudocode for each algorithm and downloadable
program code. Provides a taxonomy to clarify similarities and differences as well

as historical relationships.
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