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Computers, smartphones, and all digital devices have become an integral part of
our everyday lives. We interact with them, benefit from their capabilities, but
rarely stop to wonder about the underlying mechanisms that make them work.
Physical computation is the scientific field that uncovers the intricacies behind
these computational processes, shedding light on the fundamental mechanisms
that power our digital world.

Understanding Physical Computation

Physical computation refers to the computation processes that take place within
physical systems, such as electronic circuits or biological cells. While traditional
computation relies on abstract mathematical representations, physical
computation focuses on the physical implementation of algorithms and
information processing. This approach enables a deeper understanding of how
computational processes occur in the physical world.
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The Mechanistic Account

One particular approach to studying physical computation is the mechanistic
account. This framework emphasizes the importance of understanding the
underlying mechanisms that bring about computational behavior. It seeks to
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identify and describe the components and operations that constitute a physical
computation system.

The mechanistic account investigates how physical systems interact with their
environment, how information is encoded, processed, and transformed, and how
computations can be carried out in a way that reflects the actual physical
processes involved.

Features of the Mechanistic Account

The mechanistic account offers a rich and comprehensive framework to study
physical computation. Here are some of its key features:

Component Identification:

The mechanistic account focuses on identifying the components that make up a
computational system. It seeks to understand the roles and interactions of each
component and how they contribute to the overall computation. This approach
allows researchers to delve into the specific physical aspects of computation.

Operation Description:

In addition to component identification, the mechanistic account aims to describe
the operations performed within a computational system. By examining the
processes and transformations that occur at every step, researchers can gain
insights into the computational behavior of physical systems.

Contextual Analysis:

The mechanistic account does not consider computational processes in isolation.
Instead, it investigates the context in which these processes occur. This includes
understanding the relationship between a computational system and its



environment, as well as the impact of external factors on the computational
outcomes.

Applications of the Mechanistic Account

The mechanistic account has far-reaching implications across various scientific
disciplines. Here are a few areas where it is being applied:

Biological Computation:

Understanding the mechanistic details of biological systems can provide insights
into the computation processes occurring within living organisms. By studying
biological mechanisms, researchers can unravel the complexities of biological
computation, leading to breakthroughs in areas such as genetics, bioinformatics,
and drug discovery.

Artificial Intelligence:

Applying the mechanistic account to artificial intelligence can help in developing
more robust and efficient algorithms. By examining the underlying physical
processes of computation, researchers can optimize AI systems and enhance
their capabilities, leading to advancements in fields such as machine learning,
natural language processing, and computer vision.

Quantum Computation:

Quantum computing represents a unique realm where the mechanistic account is
crucial. The quantum nature of computation demands a thorough understanding
of the underlying physical processes. By embracing the mechanistic account,
researchers can uncover the secrets of quantum computation and pave the way
for revolutionary advancements in cryptography, optimization, and simulation.



The mechanistic account offers a valuable perspective for understanding physical
computation. By exploring the components, operations, and contextual aspects of
computational systems, researchers can gain insights that go beyond abstract
mathematical representations. This approach has far-reaching implications
across biological computation, artificial intelligence, and quantum computation,
impacting various scientific domains and societal applications.
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Gualtiero Piccinini articulates and defends a mechanistic account of concrete, or
physical, computation. A physical system is a computing system just in case it is a
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mechanism one of whose functions is to manipulate vehicles based solely on
differences between different portions of the vehicles according to a rule defined
over the vehicles. The Nature of Computation discusses previous accounts of
computation and argues that the mechanistic account is better.
Many kinds of computation are explicated, such as digital vs. analog, serial vs.
parallel, neural network computation, program-controlled computation, and more.
Piccinini argues that computation does not entail representation or information
processing although information processing entails computation.
Pancomputationalism, according to which every physical system is
computational, is rejected. A modest version of the physical Church-Turing thesis,
according to which any function that is physically computable is computable by
Turing machines, is defended.
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