
The Mind-Boggling Descriptional Complexity
Of Formal Systems: Unraveling the Secrets of
Computational Universes

In the vast realm of computer science and mathematics, understanding the
complexity of formal systems has been a topic of great intrigue. The ability to
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describe, analyze, and define these systems plays a vital role in unraveling the
secrets of computational universes. Let's embark on a journey to explore the
mind-boggling intricacies and challenges associated with describing formal
systems.

What exactly are formal systems?

Formal systems are abstract models that allow us to describe, manipulate, and
reason about certain aspects of reality or problem domains. They consist of a set
of rules, axioms, symbols, and operations, serving as a foundation for defining
concepts, structures, and processes. With the aid of formal systems, we can
express various mathematical ideas and explore the computational capabilities of
different models.
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Descriptional complexity refers to the amount of information needed to represent
a formal system or explicitly define its properties. It plays a crucial role in
determining the efficiency, expressiveness, and limitations of computational
models. By understanding the descriptional complexity of formal systems, we
gain insights into their computational power and potential applications, as well as
the inherent challenges in manipulating and analyzing these systems.

Unveiling the challenges of descriptional complexity

The descriptional complexity of formal systems poses a multitude of challenges
that researchers strive to overcome. One of the primary challenges lies in finding
concise yet powerful representations that accurately capture the essence of
complex systems. Striking a balance between simplicity and expressive power is
crucial for efficient reasoning and computation.

Another challenge arises from the inherent trade-off between the number of
symbols used to describe a formal system and the length of its description. As the
number of symbols increases, so does the complexity of manipulation and
analysis. Balancing this trade-off is indispensable in optimizing computational
resources while maintaining descriptive clarity.

Moreover, understanding the interplay between different components of formal
systems is key to comprehending their descriptional complexity. Analyzing the
relationships between axioms, rules, and symbols can provide valuable insights
into the nature of computability and complexity within a given system.

Measuring descriptional complexity

Various measures have been devised to quantify the descriptional complexity of
formal systems. One such measure is the Kolmogorov complexity, which aims to
capture the complexity of an object by measuring the length of the shortest



possible program that can generate it. This measure provides a theoretical upper
bound on the descriptional complexity but is not easily computable in practice.

Other measures, such as the size of circuits or grammar systems, provide
practical approaches to estimate the descriptional complexity of formal systems.
These measures focus on capturing the resources required to describe or
generate the system, shedding light on its intrinsic complexity and computational
limits.

Implications and applications

Understanding the descriptional complexity of formal systems has wide-ranging
implications across various disciplines. In computer science, it influences the
design of programming languages, compilers, and algorithms. By optimizing the
descriptional complexity, we can enhance the efficiency and effectiveness of
computational tools.

In mathematics, the study of descriptional complexity contributes to formal logic,
set theory, and the foundation of mathematical proofs. It allows mathematicians to
reason about the computational aspects of mathematical concepts and explore
the boundaries of provability.

Additionally, insights from the descriptional complexity of formal systems have
practical applications in artificial intelligence, cryptography, data compression,
and information theory. By understanding the constraints and capabilities of
different systems, we can make informed decisions and devise efficient solutions
in these areas.

The uncharted territories



Despite substantial advancements in understanding the descriptional complexity
of formal systems, there are still uncharted territories waiting to be explored.
Continual research strives to uncover the limits and possibilities within
computational universes, as well as the intriguing connections between different
formal systems.

By pushing the boundaries of descriptional complexity, scientists and
mathematicians embark on a journey to unravel the secrets of computational
universes, bringing us closer to harnessing the full potential of formal systems in
various domains.

The descriptional complexity of formal systems opens up a world of intrigue and
challenges. Unraveling the secrets behind these computational universes unveils
insights into computational power, mathematical reasoning, and the ultimate limits
of computation itself. With continued research and exploration, we can tackle the
complexities of formal systems and harness their full potential, enriching our
understanding of the ever-evolving world of computer science and mathematics.
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This book constitutes the proceedings of the 20th International Conference on
Descriptional Complexity of Formal Systems, DCFS 2018, held in Halifax, NS,
Canada, in July 2018. The 19 full papers presented were carefully reviewed and
selected from 24 submissions.
DCFS is an annual international working conference concerning the descriptional
complexity of formal systems and structures and its applications. Topics of
interest are related to all aspects of descriptional complexity and much more. 
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