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Writing in Markua
Writing in Markua is easy! You can learn most of what you need to know with
just a few examples.

To make italic text you surround it with single asterisks. To make bold text
you surround it with double asterisks.

Section One

You can start new sections by starting a line with two # signs and a space, and
then typing your section title.

Sub‐Section One

You can start new sub-sections by starting a linewith three# signs and a space,
and then typing your sub-section title.

Including a Chapter in the Sample Book

At the top of this file, you will also see a line at the top:

1 {sample: true}

Leanpub has the ability to make a sample book, which interested readers
can download or read online. If you add this line above a chapter heading, then
when you publish your book, this chapter will be included in a separate sample
book for these interested readers.

Links

You can add web links easily.

Here’s a link to the Leanpub homepage.

https://leanpub.com
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Images

You can add an image to your book in a similar way.

First, add the image to the “Resources” folder for your book. You will find
the “Resources” folder under the “Manuscript” menu to the left.

If you look in your book’s “Resources” folder right now, you will see that
there is an example image there with the file name “palm-trees.jpg”. Here’s
how you can add this image to your book:

If you want to add a figure title, you put it in quotes:
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Figure 1. Palm Trees

If you want to add descriptive alt text, which is good for accessibility, you
put it between the square brackets:
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Figure 2. Palm Trees

You can also set the alt text and/or the figure title in an attribute list:
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Figure 3. Palm Trees

Finally, if no title is provided, and the alt-title document setting is the
default of all, the alt text will be used as the figure title instead of as alt text.
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Figure 4. Palm Trees

You can set the important document settings at Settings > Generation
Settings.

Lists

Numbered Lists

You make a numbered list like this:

1. kale
2. carrot
3. ginger

Bulleted Lists

You make a bulleted list like this:
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• kale
• carrot
• ginger

Definition Lists

You can even have definition lists!

term 1
definition 1a

definition 1b
term 2

definition 2

Page Breaks

We don’t recommend that you manually break pages, since that is brittle and
can lead to unexpected formatting if you edit text earlier in your chapter and
forget about themanual page breaks. But if you really want to add a page break,
you use the {pagebreak} directive on a line by itself, with blank lines above it
and below it.
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Code Samples

You can add code samples really easily. Code can be in separate files (a “local”
resource) or in the manuscript itself (an “inline” resource).

Local Code Samples

Here’s a local code resource:

Figure 5. Hello World in Ruby

1 require 'time'
2
3 # This is just some pointless code so you can see the syntax highlighting...
4 def display_info
5 pi = Math::PI.round(10)
6 time_last_year = (Time.now - 365 * 24 * 60 * 60).getlocal("-08:00")
7 formatted_time = time_last_year.strftime("%Y-%m-%d %H:%M:%S")
8 puts "Pi to 10 decimal places: #{pi}"
9 puts "The time 1 year ago in Pacific Time: #{formatted_time}"
10 end

Inline Code Samples

Inline code samples can either be spans or figures.

A span looks like puts "hello world" this.

A figure looks like this:

1 require 'time'
2
3 # This is just some pointless code so you can see the syntax highlighting...
4 def display_info
5 pi = Math::PI.round(10)
6 time_last_year = (Time.now - 365 * 24 * 60 * 60).getlocal("-08:00")
7 formatted_time = time_last_year.strftime("%Y-%m-%d %H:%M:%S")
8 puts "Pi to 10 decimal places: #{pi}"
9 puts "The time 1 year ago in Pacific Time: #{formatted_time}"
10 end

You can also add a figure title using the title attribute:
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Figure 6. Hello World in Ruby

1 require 'time'
2
3 # This is just some pointless code so you can see the syntax highlighting...
4 def display_info
5 pi = Math::PI.round(10)
6 time_last_year = (Time.now - 365 * 24 * 60 * 60).getlocal("-08:00")
7 formatted_time = time_last_year.strftime("%Y-%m-%d %H:%M:%S")
8 puts "Pi to 10 decimal places: #{pi}"
9 puts "The time 1 year ago in Pacific Time: #{formatted_time}"
10 end

Tables

You can insert tables easily inline, using the GitHub Flavored Markdown (GFM)
table syntax:

Content 1 Content 2

Content 3 Content 4 Can be Different Length

Header 1 Header 2

Tables work best for numeric tabular data involving a small number of
columns containing small numbers:

JPY -0.10%

EUR 0.00%

USD 0.00%

CAD 0.25%

Central Bank Rate

Definition lists are preferred to tables for most use cases, since reading a
large table with many columns is terrible on phones and since typing text in a
table quickly gets annoying.
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Math

You can easily insert math equations inline using either spans or figures.

Here’s one of the kinematic equations d = vit+
1
2at

2 inserted as a span inside
a sentence.

Here’s some math inserted as a figure.∣∣∣∣∣
n∑

i=1

aibi

∣∣∣∣∣ ≤
(

n∑
i=1

a2i

)1/2( n∑
i=1

b2i

)1/2

Figure 7. Something Involving Sums

Headings

Markua supports both of Markdown’s heading styles.

The preferred style, called atx headers, has the following meaning in
Markua:

1 {class: part}
2 # Part
3
4 This is a paragraph.
5
6 # Chapter
7
8 This is a paragraph.
9
10 ## Section
11
12 This is a paragraph.
13
14 ### Sub-section
15
16 This is a paragraph.
17
18 #### Sub-sub-section
19
20 This is a paragraph.
21
22 ##### Sub-sub-sub-section
23
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24 This is a paragraph.
25
26 ###### Sub-sub-sub-sub-section
27
28 This is a paragraph.

Note the use of three backticks in the above example, to treat the Markua
like inline code (instead of actually like headers).

The other style of headers, called Setext headers, has the following head-
ings:

1 {class: part}
2 Part
3 ====
4
5 This is a paragraph.
6
7 Chapter
8 =======
9
10 This is a paragraph.
11
12 Section
13 -------
14
15 This is a paragraph.

Setext headers look nice, but only if you’re only using chapters and sections.
If youwant to add sub-sections (or lower), you’ll be using atx headers for at least
some of your headers. My advice is to just use atx headers all the time. (The
{class: part} attribute list on a chapter header to make a part header does
actually work with Setext headers, but it’s really ugly.)

Note that while it is confusing and ugly to mix and match using atx and
Setext headers for chapters and sections in the same document, you can do it.
However, please don’t.

Block quotes, Asides and Blurbs

Block quotes are really easy too.

—Peter Armstrong,Markua Spec
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Asides are useful for longer text.

But typing them like this isn’t fun.

Asides can be written this way, since adding a bunch of A> stuff at the
beginning of each line can get annoying with longer asides.

Blurbs are useful

Blurbs are useful

There are many types of blurbs, which will be familiar to you if you’ve ever
read a computer programming book.

This is a discussion.

You can also specify them this way:

This is a discussion

This is an error.

This is information.
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This is a question. (Not a question in aMarkua course; those are done
differently!)

This is a tip.

This is a warning.

This is an exercise. (Not an exercise in a Markua course; those are
done differently!)

Good luck, have fun!

If you’ve read this far, you’re definitely the right type of person to be here!

Our last piece of advice is simple: once you have a couple chapters com-
pleted, publish your book in-progress!

This approach is called Lean Publishing. It’s why Leanpub is called Leanpub.

If you want to learn more about Lean Publishing, read this or watch this.

* * *

author: Brent Jensen identifier:
5b3e587e‐333b‐4cc5‐9728‐59f9ea1d611d language:
en title: “Fungal Computing: Theoretical, Hypothetical,
and DIY Approaches to Building a Mycelium‐Based
Computer at Home”

https://leanpub.com/lean/read
https://youtu.be/ozO0kOnqmyA
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1. Introduction to Fungal Computing

1.1. What Is Fungal Computing?

Fungal computing is an emerging field that explores the use of fungal
mycelium networks as living computational systems. Mycelium, the vege-
tative part of fungi, consists of a mass of branching, thread-like structures
called hyphae. These networks facilitate nutrient absorption and exhibit
complex behaviors, such as electrical signal transmission and environmental
responsiveness. By harnessing these intrinsic properties, researchers aim to
develop biocomputers capable of processing information in ways analogous to
traditional electronic computers.

1.2. Theoretical Basis: How Mycelium Processes Information

Mycelium networks operate as decentralized systems, where information
processing occurs through the propagation of electrical impulses across the
hyphal network. These impulses, akin to neuronal action potentials, enable
the mycelium to respond to environmental stimuli and adapt its growth pat-
terns accordingly. The non-linear electrical properties of mycelium allow it
to perform basic logical operations, suggesting potential for implementing
computational functions within these living networks.

1.3. Potential Applications of Mycelium-Based Computers

The unique characteristics of mycelium-based computing systems open up
a range of potential applications:

- [Environmental Monitoring]{.c3}: Mycelium’s sensitivity to chemical cues
and environmental changes can be leveraged to create distributed sensor
networks for ecological research and soil health assessment.
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- [Neuromorphic Computing]{.c3}: The spiking behavior of mycelium net-
works mirrors neuronal activity, offering opportunities to develop bio-inspired
computing architectures that emulate brain-like information processing.

- [Biodegradable Electronics]{.c3}: Integrating mycelium into electronic
components could lead to sustainable, biodegradable computing devices, re-
ducing electronic waste and promoting eco-friendly technologies.

1.4. Why Build a Fungal Computer at Home?

Constructing a fungal computer at home presents several intriguing
prospects:

- [Hands-On Learning]{.c3}: Engaging in the creation of a fungal computer
offers a practical introduction to unconventional computing and mycology,
fostering a deeper understanding of biological information processing.

- [Innovative Experimentation]{.c3}: DIY fungal computing projects provide
a platform for exploring novel computational paradigms and experimenting
with living systems as information processors.

- [Sustainable Technology Exploration]{.c3}: Developing mycelium-based
computing devices aligns with sustainable practices, encouraging the explo-
ration of eco-friendly alternatives to traditional electronic components.

Embarking on the journey of building a fungal computer at home not only
satisfies intellectual curiosity but also contributes to the broader discourse on
sustainable and unconventional computing methodologies.

2. The Science Behind Mycelium as a Computing Substrate

2.1. Mycelium as a Neuromorphic Network

Mycelium, the intricate network of fungal hyphae, exhibits remarkable
similarities to neural networks found in animals. This network serves as a vast,
decentralized system capable of processing information through electrical and
chemical signals. The hyphal structures form a complex web that connects
various parts of the fungus, facilitating efficient communication and resource
distribution.

In many ways, mycelial networks function as nature’s internet, linking
different organisms and enabling them to exchange information and nutrients.
This interconnectedness allows for adaptive responses to environmental stim-
uli, akin to the way neural networks process sensory inputs and coordinate
reactions.
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2.2. Electrical Signaling in Mycelium

The electrical properties of mycelium are fundamental to its role as a
computing substrate. Mycelial networks can transmit electrical signals along
their hyphal networks, a characteristic that has been likened to neuronal
activity. These signals enable the fungus to respond to environmental changes,
such as the presence of nutrients or threats, by altering its growth patterns and
metabolic activities.

The study of these electrical signals has revealed thatmycelium can process
information in a manner similar to electronic circuits. By applying electri-
cal stimuli to mycelial networks, researchers have observed responses that
mimic logical operations, suggesting that mycelium possesses a form of bio-
computing capability.

2.3. Memory and Learning in Fungi

Beyond electrical signaling, mycelium exhibits characteristics that suggest
a form of memory and learning. Experiments have demonstrated that mycelial
networks can ‘remember’ previous environmental conditions and adjust their
growth strategies accordingly. For instance, when exposed to certain patterns
of electrical stimulation, mycelium can develop new growth habits, indicating
a capacity for learning and adaptation.

This adaptive behavior is thought to arise from changes in the mycelial
network’s structure and function in response to stimuli, akin to synaptic
plasticity observed in neural systems. Such findings challenge traditional
notions of memory and learning, suggesting that even simple organisms like
fungi possess sophisticated information-processing capabilities.

2.4 Comparing Mycelium Networks to Traditional Silicon-Based Computers

While both mycelial networks and silicon-based computers process infor-
mation, they operate fundamentally differently. Silicon computers rely on
binary logic and electronic circuits to perform calculations at high speeds, with
performance largely determined by the miniaturization of transistors and the
efficiency of electrical pathways.

In contrast, mycelial networks function as living, adaptive systems. Their
information processing is distributed and parallel, with each hyphal tip capable
of responding to environmental cues. This decentralized approach allows
mycelium to excel in tasks that require adaptability and resilience, such as nav-
igating complex substrates or responding to fluctuating nutrient availability.
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However, the organic nature of mycelium also imposes limitations. Growth
rates are influenced by environmental factors, and the complexity of biological
systems introduces variability that is absent in engineered circuits. Addi-
tionally, the speed of electrical signaling in mycelium is slower compared to
silicon-based systems, which may restrict their applicability in time-sensitive
computational tasks.

Despite these differences, the study of mycelial networks offers valuable
insights into alternative computing paradigms. The inherent adaptability and
resilience of mycelium inspire new approaches to computing, particularly in
areas where traditional systems face challenges, such as flexible electronics,
biodegradable materials, and decentralized processing.

3. Theoretical and Hypothetical Models of Fungal Computing

Fungal computing represents an emerging paradigm that leverages the
natural properties of mycelium networks to perform computational tasks. This
chapter delves into the theoretical frameworks and hypothetical models that
underpin fungal computing, comparing it with traditional computing systems,
exploring its potential as a neural network, examining the modeling of fungal
logic circuits, and addressing the inherent challenges in this nascent field.

3.1 Biocomputing vs. Traditional Computing

Traditional Computing

Traditional computing systems are based on silicon-based hardware and
operate using binary logic. They process instructions sequentially or in parallel
through predefined architectures, such as the von Neumann model. While
these systems have seen exponential growth in processing power, they face
limitations related to energy consumption, miniaturization, and heat dissipa-
tion.

Biocomputing

Biocomputing utilizes biological components—-such as DNA, proteins, and
cells—-to perform computational functions. Unlike traditional systems, bio-
computers operate through chemical and biological interactions, offering
advantages like parallel processing and energy efficiency. For instance, DNA
computing exploits the molecule’s ability to store vast amounts of information
and execute complex operations simultaneously.

Fungal Computing
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Fungal computing is a subset of biocomputing that employs mycelium
networks—-the vegetative part of fungi—-as a computational medium.
Mycelium’s natural ability to form extensive, interconnected networks enables
decentralized information processing, contrasting with the centralized
architectures of traditional computing systems. This decentralized nature
allows for adaptive and resilient computation, potentially overcoming some
limitations of conventional technologies.

3.2 Mycelium-Based Neural Networks

Natural Parallels

Mycelium networks exhibit structural and functional similarities to neural
networks found in biological organisms. They consist of a vast web of hyphae
that facilitate the transfer of nutrients and information across the network,
akin to the synaptic connections between neurons in a brain. This resemblance
has led researchers to explore the potential of mycelium as a model for neural
network computation.

Computational Potential

By harnessing the adaptive growth patterns and signal transmission capa-
bilities of mycelium, scientists aim to develop biohybrid systems capable of
learning and decision-making. These systems could process information in a
manner similar to artificial neural networks, with the added benefits of self-
repair and low energy consumption inherent to biological systems.

3.3 Modeling Fungal Logic Circuits

Boolean Logic Implementation

Recent studies have demonstrated that mycelium networks can be en-
gineered to perform Boolean logic operations, which are fundamental to
digital computing. By applying specific electrical stimuli to fungal colonies,
researchers have observed responses that correspond to logical functions such
as AND, OR, and NOT gates. These findings suggest that mycelium can be
utilized to construct basic computational circuits.

Circuit Design and Challenges

Designing functional logic circuits within mycelium involves mapping input
stimuli to desired output responses, considering factors like signal propagation
speed and network topology. The inherent variability and complexity of
biological systems present challenges in achieving consistent and reliable cir-
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cuit behavior, necessitating further research into standardization and control
mechanisms.

3.4 Challenges in Fungal Computing

Variability and Control

Biological systems, including mycelium networks, exhibit natural variability
that can affect computational reliability. Factors such as environmental condi-
tions, genetic differences, and growth patterns influence the performance of
fungal computers, posing challenges for standardization and predictability.

Integration with Existing Technologies

Integrating fungal computing systems with existing electronic technologies
requires the development of interfaces that can effectively translate biological
signals into electronic data and vice versa. This integration is essential for
practical applications but remains a significant technical hurdle.

Ethical and Safety Considerations

Utilizing living organisms for computation raises ethical questions regard-
ing manipulation and welfare. Ensuring that fungal computing practices
adhere to ethical standards and do not disrupt ecosystems is paramount as
the field progresses.

In summary, fungal computing offers a compelling alternative to tradi-
tional computational paradigms, leveraging the unique properties of mycelium
networks for information processing. While theoretical models and prelim-
inary experiments demonstrate its potential, significant challenges must be
addressed to realize practical and scalable fungal computing systems.

In summary, mycelium presents a compelling model for exploring uncon-
ventional computing substrates. Its electrical signaling, potential for memory
and learning, and unique network architecture provide a rich field for research
and innovation, bridging the gap between biological systems and electronic
computing.

Embarking on the construction of a fungal computer at home requires a
thoughtful selection of materials and equipment. This chapter outlines the
essential components and considerations for setting up a mycelium-based
computing system.

4. Materials and Equipment Needed for a DIY Fungal Computer

[]{#chapter_2.html}
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4.1. Choosing the Right Mycelium Strain

Selecting an appropriate mycelium strain is a critical first step in developing
a fungal computer. Different fungal species exhibit varying growth patterns,
electrical properties, and environmental requirements. When choosing a
strain, consider the following factors:

• [Electrical Conductivity]{.c2}: Some fungi, such as [Pleurotus djamor]{.c3}
(pink oyster mushroom), have demonstrated the ability to transmit
electrical signals effectively, making them suitable candidates for
bio-computing applications.

• [Growth Rate and Conditions]{.c2}: Opt for strains that grow rapidly and
can thrive under manageable environmental conditions. This ensures a
more efficient cultivation process and reduces the complexity of main-
taining the mycelium network.

• [Structural Integrity]{.c2}: The physical robustness of the mycelium is
important, as it must support the integration of electrodes and other
components without degrading.

By carefully selecting a strain that balances these characteristics, you lay
the foundation for a functional and resilient fungal computer.
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4.2. Growing and Cultivating Mycelium

Once you’ve chosen a suitable strain, the next step is to cultivate themycelium.
The cultivation process involves several stages:

1. [Substrate Preparation]{.c2}: Mycelium requires a nutrient-rich substrate
to grow. Common substrates include sterilized agricultural waste, such
as straw or sawdust, which provide the necessary nutrients for fungal
development.
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2. [Inoculation]{.c2}: Introduce the fungal spores or mycelial culture to the
prepared substrate under sterile conditions to prevent contamination.

3. [Incubation]{.c2}: Maintain the inoculated substrate in a controlled en-
vironment with optimal temperature and humidity levels to promote
mycelial growth. This phase allows themycelium to colonize the substrate
fully.

4. [Formation of Mycelial Network]{.c2}: As the mycelium colonizes the
substrate, it forms an interconnected network of hyphae. This network
serves as the basis for the computing substrate, capable of transmitting
electrical signals.

Proper cultivation techniques are essential to develop a healthy and exten-
sive mycelial network suitable for computing purposes.
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4.3. Essential Tools and Sensors

To monitor and interact with the mycelial network, you’ll need a set of tools
and sensors:

• [Environmental Sensors]{.c2}: Devices that measure temperature, hu-
midity, and CO� levels help maintain optimal growth conditions for the
mycelium.

• [pH Meters]{.c2}: Monitoring the acidity or alkalinity of the substrate
ensures it remains within the ideal range for fungal growth.

• [Sterile Tools]{.c2}: Scalpels, tweezers, and other instruments are nec-
essary for handling the mycelium and substrate without introducing
contaminants.

• [Data Acquisition Systems]{.c2}: Equipment capable of recording and
analyzing electrical signals from the mycelium is crucial for assessing its
computing capabilities.

These tools enable precise control over the cultivation environment and
facilitate the integration of the mycelium into a functional computing system.

[]{#chapter_5.html}

{.chapter title=“4.4. Electrodes and Signal Processing Hardware”}



Writing in Markua 25

4.4. Electrodes and Signal Processing Hardware

Integrating themycelial network with electronic components requires special-
ized hardware:

• [Electrodes]{.c2}: Non-toxic, biocompatible electrodes are used to inter-
face with the mycelium, allowing for the transmission and reception of
electrical signals. Materials such as carbon-based conductors are often
preferred due to their compatibility with biological tissues.

• [Amplifiers]{.c2}: Since the electrical signals generated by mycelium are
typically weak, amplifiers are necessary to boost these signals to de-
tectable levels.

• [Analog-to-Digital Converters (ADCs)]{.c2}: ADCs convert the analog
electrical signals from the mycelium into digital data that can be pro-
cessed by computers.

• [Signal Processing Software]{.c2}: Specialized software is required to
analyze the digital signals, identify patterns, and interpret the mycelium’s
responses to various stimuli.

Assembling these components allows for effective communication between
the biological mycelium network and electronic systems, enabling the realiza-
tion of a fungal computer.

In conclusion, constructing a DIY fungal computer involves selecting an
appropriate mycelium strain, cultivating it under optimal conditions, and inte-
grating it with electronic components through the use of specialized tools and
hardware. Each step requires careful consideration to ensure the functionality
and reliability of the resulting bio-computing system.

5. Step-by-Step Guide to Creating a Fungal Computer at Home

Embarking on the journey to construct a fungal computer at home involves
a series of methodical steps. This chapter provides a comprehensive guide to
each phase, from preparing the growth medium to interpreting the mycelium’s
responses.
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5.1. Preparing a Mycelium Growth Medium

The foundation of a successful fungal computer lies in cultivating a robust
mycelial network, which necessitates an appropriate growth medium. Here’s
how to prepare it:

1. [Select a Suitable Substrate]{.c2}: Common choices include sterilized
agricultural by-products like straw, sawdust, or corrugated cardboard.
These materials provide the nutrients essential for mycelial growth.

2. [Sterilization]{.c2}: To eliminate potential contaminants, sterilize the
chosen substrate. This can be achieved by:

• [Soaking]{.c2}: Immerse the substrate in water for 20-30 minutes to
hydrate and prepare it for sterilization.

• [Heat Treatment]{.c2}: After soaking, heat the substrate to kill un-
wanted microorganisms. This can be done by:

– [Boiling]{.c2}: Place the substrate in boiling water for a specified
duration.

– [Pressure Cooking]{.c2}: Use a pressure cooker to sterilize the
substrate more effectively.

3. [Cooling]{.c2}: Allow the sterilized substrate to cool to room temperature
in a clean environment to prevent recontamination.
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5.2. Culturing Mycelium for Optimal Network Formation

With the growth medium prepared, the next step is to culture the mycelium:

1. [Inoculation]{.c2}: Introduce small pieces of the selectedmushroom’s base
into the substrate. Ensure that the pieces are thinly sliced to facilitate
rapid colonization.

2. [Layering]{.c2}: If using materials like corrugated cardboard, alternate
layers of the substrate with mushroom pieces to promote even growth.
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3. [Incubation]{.c2}: Store the inoculated substrate in a dark, humid envi-
ronment at room temperature. Regularly ventilate the container to allow
gas exchange, which is vital for healthy mycelial development.

4. [Monitoring Growth]{.c2}: Over the course of several days to weeks,
observe the mycelium as it colonizes the substrate, forming a dense
network.

[]{#chapter_8.html}

{.chapter title=“5.3. Embedding Electrodes in the Mycelium Substrate”}

5.3. Embedding Electrodes in the Mycelium Substrate

To interface with the mycelial network, electrodes must be carefully embed-
ded:

1. [Selection of Electrodes]{.c2}: Choose biocompatible materials, such
as carbon-based electrodes, to prevent adverse reactions with the
mycelium.

2. [Placement Strategy]{.c2}: Determine strategic locations within the
mycelial network for electrode insertion to effectively monitor and
stimulate electrical activity.

3. [Insertion Technique]{.c2}: Gently insert the electrodes into the sub-
strate, ensuring minimal disturbance to the mycelium. Maintain a sterile
environment during this process to prevent contamination.

4. [Connection Setup]{.c2}: Connect the electrodes to external recording
and stimulation devices, ensuring secure and stable connections.
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5.4. Stimulating Mycelium with Electrical Signals

Once the electrodes are in place, the mycelium can be stimulated to assess its
computing capabilities:
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1. [Define Stimulation Parameters]{.c2}: Establish the amplitude, frequency,
and duration of electrical pulses to be applied, based on the specific
objectives of the experiment.

2. [Application of Stimuli]{.c2}: Use a signal generator to deliver controlled
electrical pulses through the electrodes to the mycelium.

3. [Observation]{.c2}: Monitor the mycelium’s immediate responses to the
electrical stimulation, noting any changes in electrical activity or growth
patterns.
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5.5. Recording and Interpreting Mycelium Responses

The final step involves capturing and analyzing the mycelium’s reactions:

1. [Data Acquisition]{.c2}: Utilize data acquisition systems to record the
electrical signals emitted by the mycelium in response to stimulation.

2. [Signal Processing]{.c2}: Apply software tools to filter and analyze the
recorded data, identifying patterns or spikes indicative of information
processing.

3. [Interpretation]{.c2}: Correlate the observed electrical patterns with spe-
cific stimuli to understand the mycelium’s computational properties and
potential applications.

Bymeticulously following these steps, you can construct a functional fungal
computer, harnessing the unique properties of mycelium for unconventional
computing applications.

6. Theoretical and Hypothetical Methods to Enhance aMyceliumComputer

Advancements in mycelium-based computing can be achieved through
innovative approaches that integrate biological systems, artificial intelligence,
genetic engineering, and conductive biomaterials. This chapter explores these
theoretical and hypothetical methods to enhance the capabilities of mycelium
computers.
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6.1. Hybridizing Mycelium with Other Biological
Systems

Integratingmyceliumnetworkswith other biological entities can lead to syner-
gistic enhancements in computing functionality. Potential strategies include:

• [Symbiotic Integration]{.c2}: Combining mycelium with plant roots or
bacterial colonies to create biohybrid systems that leverage diverse bi-
ological processes for complex computations.

• [Fungal-Plant Interfaces]{.c2}: Developing interfaces where mycelium
networks interact with plant signaling pathways, enabling novel data
processing mechanisms.

• [Microbial Consortia]{.c2}: Engineering communities of fungi and bacteria
that communicate electrically, forming integrated circuits with enhanced
processing capabilities.

These hybrid systems could result in self-sustaining, adaptive computing
platforms with unique properties derived from their biological components.
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6.2. Incorporating AI to Interpret Mycelial Computation

Artificial intelligence (AI) can play a pivotal role in decoding the complex
electrical signaling patterns of mycelium networks. Approaches include:

• [Machine Learning Algorithms]{.c2}: Training AI models to recognize
patterns in mycelial electrical activity, facilitating the interpretation of
fungal responses to various stimuli.

• [Neural Network Integration]{.c2}: Developing neural networks that
mimic mycelial structures, allowing for the simulation and prediction of
mycelium-based computations.

• [Data Fusion Techniques]{.c2}: Combining mycelial data with environ-
mental inputs to enhance the accuracy of AI interpretations, leading to
more robust computing outcomes.
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6.3. Engineering Mycelium with CRISPR for Enhanced
Processing Power

Genetic engineering, particularly using CRISPR-Cas9 technology, offers av-
enues to augment the computational capabilities of mycelium:

• [Gene Editing]{.c2}: Modifying genes responsible for electrical conductiv-
ity and signal transmission to enhance processing speed and efficiency.

• [Pathway Optimization]{.c2}: Altering metabolic pathways to improve
energy efficiency, supporting sustained computational activity.

• [Structural Enhancements]{.c2}: Engineering mycelium to develop more
intricate and efficient network architectures, facilitating complex data
processing.

These genetic interventions could lead to mycelium computers with supe-
rior performance metrics, rivaling traditional electronic systems.
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6.4. Creating Mycelium Circuits with Conductive
Biomaterials

Incorporating conductive biomaterials into mycelium substrates can improve
signal transmission and circuit integration:

• [Nanomaterial Infusion]{.c2}: Embedding conductive nanoparticles, such
as graphene or silver nanowires, into the mycelium to enhance electrical
conductivity.
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• [Biopolymer Integration]{.c2}: Combining mycelium with conductive
biopolymers to form flexible, biodegradable circuits suitable for various
applications.

• [3D Printing Techniques]{.c2}: Utilizing additive manufacturing to con-
struct mycelium-based circuits with precise geometries and tailored
conductive properties.

These methods could result in environmentally friendly, efficient comput-
ing systems that leverage the unique properties of mycelium and advanced
materials.

By exploring these theoretical and hypothetical enhancements, the field of
mycelium computing can progress toward more sophisticated and practical
applications, potentially transforming various technological domains.

7. Troubleshooting and Optimizing Your Fungal Computer

Developing a functional fungal computer presents unique challenges, from
cultivating robust mycelium networks to ensuring efficient electrical signal
transmission. This chapter provides an in-depth guide to troubleshooting
common issues and optimizing the performance of your mycelium-based
computing system.
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7.1. Common Growth Issues and Solutions

Successful mycelium cultivation is foundational to a functional fungal com-
puter. Common growth challenges include contamination, slow colonization,
and uneven network formation.

[Contamination]{.c2}

Contaminants such as molds and bacteria can outcompete mycelium, hin-
dering its growth. To mitigate contamination:

• [Sterile Techniques]{.c3}: Maintain cleanliness by sterilizing substrates
and tools. Wearing clean clothing, using gloves, and minimizing talking
during inoculation can reduce contamination risks.

[Environmental Control]{.c4}[: Ensure proper air circulation and humidity
levels. High humidity and stagnant air can promote mold growth.]{.c5}
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• [Early Detection]{.c4}[: Regularly inspect cultures for signs of contam-
ination, such as discoloration or unusual odors. Promptly remove and
dispose of contaminated substrates to prevent spread.]{.c5}

[Slow Colonization]{.c2}

Factors such as suboptimal temperature, inadequate moisture, or poor
substrate quality can slow mycelial growth. To address these issues:

• [Temperature Optimization]{.c3}: Maintain species-specific optimal tem-
peratures to promote vigorous growth.

• [Moisture Balance]{.c3}: Ensure substrates are adequately hydrated but
not waterlogged, as both extremes can impede growth.

• [Substrate Quality]{.c3}: Use nutrient-rich, properly prepared substrates
to support healthy mycelium development.

[Uneven Network Formation]{.c2}

Uneven or sparse mycelial networks can affect the functionality of a fungal
computer. To promote uniform growth:

• [Substrate Preparation]{.c3}: Evenly distribute nutrients and maintain
consistent substrate texture to facilitate uniform colonization.

• [Inoculation Techniques]{.c3}: Apply inoculum uniformly across the sub-
strate to encourage even mycelial spread.

• [Environmental Consistency]{.c3}: Maintain stable environmental condi-
tions, avoiding fluctuations in temperature and humidity that can disrupt
growth patterns.
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7.2. Improving Electrical Signal Transmission

Efficient electrical signal transmission is crucial for mycelium-based comput-
ing. Enhancing conductivity and signal clarity involves several strategies.

[Substrate Composition]{.c2}
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The choice of substrate can influence the electrical properties of the
mycelium network.

[Conductive Additives]{.c3}: Incorporatematerials like rice straw, which has
been shown to enhance electrical conductivity inmycelium-based composites.

[Environmental Factors]{.c2}

Moisture content significantly affects mycelial conductivity.

[Moisture Control]{.c3}: Maintain optimal moisture levels, as variations can
alter electrical responses.

[Electrode Integration]{.c2}

Proper electrode placement and material selection are vital for accurate
signal transmission.

• [Material Selection]{.c3}: Use biocompatible, conductive materials such
as carbon-based electrodes to ensure compatibility and efficient signal
transmission.

• [Placement Strategy]{.c3}: Position electrodes to maximize contact with
active regions of the mycelium network, enhancing signal detection and
stimulation efficacy.
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7.3. Avoiding Contamination and Maintaining Stability

Preventing contamination is essential for the longevity and reliability of a fungal
computer.

[Sterile Environment]{.c2}

Establishing a clean workspace minimizes contamination risks.

[Laminar Flow Hood]{.c3}: Utilize a laminar flow hood to provide a sterile
airflow environment during inoculation and handling.

[Substrate Sterilization]{.c2}

Proper substrate preparation is critical.
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[Sterilization Methods]{.c3}: Employ techniques such as autoclaving or
chemical sterilization to eliminate potential contaminants before inoculation.

[Environmental Monitoring]{.c2}

Continuous monitoring ensures stable growth conditions.

[Environmental Controls]{.c3}: Implement sensors to monitor and regulate
temperature, humidity, and air quality, maintaining optimal conditions for
mycelial health.
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7.4. Boosting Data Processing Speed in Mycelium
Networks

Enhancing the computational efficiency of mycelium networks involves opti-
mizing growth conditions and exploring innovative modifications.

[Network Optimization]{.c2}

Promote dense and interconnected mycelial networks for improved data
processing.

[Substrate Structure]{.c3}: Design substrates that encourage branching and
connectivity, facilitating efficient signal propagation.

[Genetic and Chemical Enhancements]{.c2}

Explore modifications to augment mycelial properties.

• [Genetic Engineering]{.c3}: Investigate genetic modifications to enhance
traits related to electrical conductivity and signal processing.

• [Chemical Treatments]{.c3}: Apply treatments to increase the conductiv-
ity of mycelium, potentially enhancing processing capabilities.

[Environmental Factors]{.c2}

Maintain conditions that support optimal mycelial activity.

[Temperature and Humidity]{.c3}: Keep environmental parameters within
optimal ranges to ensure active metabolism and responsiveness.
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8. Creative and Hypothetical Applications of Home-Built Mycelium Com-
puters
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8.1. Using Mycelium to Solve Maze and Pathfinding
Problems

Mycelium networks exhibit natural growth patterns that can be harnessed to
address computational challenges such as maze solving and pathfinding.

[Natural Pathfinding Abilities]{.c2}

Mycelium inherently seeks optimal pathways to nutrients, effectively nav-
igating complex environments. This characteristic can be leveraged to model
and solve maze-like problems.

• [Experimental Setup]{.c3}: By designing a nutrient-rich environment with
barriers mimicking a maze, one can observe the mycelium’s growth
patterns to determine efficient routes.

• [Data Interpretation]{.c3}: Monitoring electrical signals within the
mycelium during growth can provide insights into decision-making
processes, offering a biological approach to pathfinding algorithms.

[Implications for Network Optimization]{.c2}

Understanding mycelium’s natural optimization strategies can inspire new
algorithms for network design and optimization in computing and logistics.
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8.2. Environmental Sensing and Mycelium‐Based IoT
Devices

Integrating mycelium with electronic components paves the way for sustain-
able environmental monitoring systems.
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[Mycelium as a Sensing Medium]{.c2}

Mycelium networks respond to environmental changes, making them suit-
able for sensing applications.

• [Parameter Monitoring]{.c3}: Mycelium can detect variations in tem-
perature, humidity, and the presence of certain chemicals, altering its
electrical activity accordingly.

• [Signal Processing]{.c3}: Embedding electrodes within the mycelium al-
lows for real-timemonitoring of these electrical changes, facilitating data
collection for environmental analysis.

[Integration with IoT]{.c2}

Couplingmycelium sensorswith Internet of Things (IoT) technology enables
the development of eco-friendly monitoring systems.

• [Data Transmission]{.c3}: Processed signals from the mycelium can be
transmitted to IoT platforms, providing continuous environmental data.

• [Sustainability]{.c3}: Utilizing biodegradable mycelium reduces electronic
waste, aligning with sustainable development goals.
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8.3. Generating Random Numbers with Fungal Growth
Patterns

The stochastic nature of mycelium growth offers a novel method for random
number generation, crucial for cryptographic applications.

[Harnessing Growth Variability]{.c2}

Mycelium growth is influenced by numerous unpredictable factors, result-
ing in unique patterns.

• [Pattern Analysis]{.c3}: Capturing and digitizing these growth patterns
can serve as a source of entropy for random number generation.
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• [Electrical Noise]{.c3}: The inherent electrical noise within mycelium
networks can be sampled to produce random sequences.

[Applications in Security]{.c2}

Biologically derived random numbers can enhance security measures in
computing systems.

[Cryptography]{.c3}: Utilizing mycelium-based randomness can strengthen
encryption algorithms by providing truly unpredictable keys.
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8.4. Mycelium as an Organic Neural Network

The structural and functional properties of mycelium bear resemblance to
neural networks, presenting opportunities for bio-inspired computing.

[Structural Similarities]{.c2}

Both mycelium networks and neural networks consist of interconnected
nodes facilitating complex signal transmission.

[Synaptic Analog]{.c3}: Hyphal connections inmycelium canmimic synaptic
connections, enabling learning and adaptation.

[Computational Potential]{.c2}

Leveraging mycelium’s network properties can lead to the development of
organic computing systems.

• [Pattern Recognition]{.c3}: Mycelium-based systems could process infor-
mation in parallel, offering advantages in tasks like pattern recognition
and decision-making.

• [Adaptive Learning]{.c3}: The ability of mycelium to adapt to environmen-
tal stimuli suggests potential for developing learning algorithms rooted in
biological processes.

These creative applications underscore the versatility of mycelium as a
computing substrate, inspiring further exploration into sustainable and bio-
integrated technologies.
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9. Philosophical and Future Implications of Fungal Computing

The exploration of fungal computing not only challenges our technological
paradigms but also invites profound philosophical and ethical considerations.
This chapter delves into the potential consciousness of mycelium, the ethics
of utilizing living organisms as computational substrates, the role of fungal
computing in a post-silicon era, and its portrayal in speculative fiction.
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9.1. Can Mycelium Achieve Consciousness?

Mycelium networks exhibit complex behaviors, such as environmental re-
sponsiveness and adaptive growth patterns, prompting questions about their
potential for consciousness.

[Understanding Mycelial Intelligence]{.c2}

While mycelium demonstrates a form of biological intelligence, it lacks
centralized structures akin to animal brains. Its decision-making processes
are decentralized, relying on local interactions within the network.

• [Electrical Activity]{.c3}: Mycelium transmits electrical impulses, facilitat-
ing internal communication.

• [Environmental Adaptation]{.c3}: It adjusts growth in response to envi-
ronmental stimuli, optimizing resource acquisition.

[Consciousness Debate]{.c2}

The concept of consciousness in fungi is contentious. Consciousness
typically involves self-awareness and subjective experience, attributes not
evidenced in mycelium. However, its complex behaviors challenge our under-
standing of intelligence in non-animal systems.
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9.2. The Ethics of Using Living Organisms as Computers

Employing living organisms, such as fungi, for computational purposes raises
ethical considerations regarding manipulation and welfare.

[Moral Considerations]{.c2}

While fungi are not sentient, ethical debates arise over the instrumental use
of life forms.

• [Intrinsic Value]{.c3}: Some argue that all life possesses intrinsic value,
necessitating ethical considerations in its use.

• [Regulatory Frameworks]{.c3}: The development of guidelines to ensure
responsible use of living organisms in technology is essential.

[Dual-Use Concerns]{.c2}

Biological computing technologies could be repurposed for harmful appli-
cations, necessitating ethical vigilance.
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9.3. The Role of Fungal Computing in Post‐Silicon
Technologies

As silicon-based computing approaches physical limits, alternative substrates
like mycelium offer new directions for technological advancement.

[Advantages of Fungal Computing]{.c2}

Mycelium-based systems present unique benefits over traditional comput-
ing.

• [Sustainability]{.c3}: Fungi are biodegradable and can be cultivated with
minimal environmental impact.

• [Parallel Processing]{.c3}: The natural network structure of mycelium
allows for parallel information processing.



Writing in Markua 40

[Integration with Existing Technologies]{.c2}

Fungal computing could complement current technologies, leading to hy-
brid systems that leverage biological and electronic components.

[Biohybrid Systems]{.c3}: Combining mycelium with electronic circuits
could result in innovative computing architectures.
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9.4. Speculative Fiction and Cyberpunk Visions of
Fungal AI

Fungal computing has inspired imaginative scenarios in speculative fiction,
reflecting societal hopes and fears about biotechnology.

[Depictions in Media]{.c2}

Literature and media explore themes of fungal intelligence and integration
with technology.

[Cultural Narratives]{.c3}: Stories envisioning fungal networks as sentient
entities or integral to human-computer interfaces.

[Influence on Technological Development]{.c2}

Speculative fiction can inspire real-world innovation by presenting vision-
ary ideas that challenge current technological boundaries.

In summary, fungal computing intersects with profound philosophical
questions and ethical considerations, influencing future technological
landscapes and inspiring cultural narratives.

10. Conclusion and Next Steps

The exploration of mycelium-based computing represents a convergence
of biology and technology, offering sustainable and innovative alternatives to
traditional computing systems. This chapter summarizes key advancements
and outlines future directions, emphasizing the expansion of DIY fungal com-
puting, integration with conventional hardware, the trajectory of biomolecular
computing research, and the promotion of citizen science in this emerging
field.
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10.1. Expanding the Capabilities of DIY Fungal
Computing

Advancements in fungal computing have opened avenues for enthusiasts to
engage in do-it-yourself (DIY) projects, fostering innovation and personalized
experimentation.

[Enhancing Computational Functions]{.c2}

• [Signal Processing]{.c3}: Refining techniques to interpret mycelium’s
electrical activity can improve data processing capabilities, enabling
more complex computations.

• [Memory Storage]{.c3}: Investigatingmycelium’s potential for information
retention may lead to the development of biological memory systems.

[Community Collaboration]{.c2}

• [Knowledge Sharing]{.c3}: Establishing online platforms for DIY practi-
tioners to exchange methodologies and findings can accelerate collective
learning.

• [Workshops and Tutorials]{.c3}: Organizing educational events can em-
power individuals to embark on fungal computing projects, democratizing
access to this technology.
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10.2. Integrating Mycelium Computing with Traditional
Hardware

Combiningmycelium-based systemswith conventional electronic components
can lead to hybrid technologies that leverage the strengths of both.

[Biohybrid Interfaces]{.c2}
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• [Sensor Integration]{.c3}: Embedding mycelium within electronic sensors
can create responsive systems capable of environmental monitoring.

• [Actuator Control]{.c3}: Utilizing mycelium’s signal transmission proper-
ties to influence mechanical actuators can result in adaptive biohybrid
devices.

[Challenges and Solutions]{.c2}

• [Compatibility]{.c3}: Addressing differences in signal types and trans-
mission speeds between biological and electronic systems is crucial for
seamless integration.

• [Durability]{.c3}: Ensuring the longevity and stability of biohybrid systems
requires overcoming challenges related to the living nature of mycelium.
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10.3. The Future of Biomolecular Computing Research

Biomolecular computing, encompassing fungal computing, is poised to revo-
lutionize data processing through biologically inspired methods.

[Research Directions]{.c2}

• [Scalability]{.c3}: Exploring methods to scale up mycelium-based com-
puting systems for practical applications is a key research focus.

• [Interdisciplinary Approaches]{.c3}: Collaborations between biologists,
computer scientists, and engineers are essential to address the multi-
faceted challenges in this field.

[Potential Applications]{.c2}

• [Medical Diagnostics]{.c3}: Developing biosensors that utilize mycelium’s
responsiveness to detect pathogens or toxins could enhance diagnostic
tools.

• [Environmental Sustainability]{.c3}: Implementing biodegradable
computing components aligns with ecological goals, reducing electronic
waste.
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10.4. Encouraging Citizen Science in Mycelium‐Based
Computing

Engaging the public in mycelium computing research fosters a collaborative
environment that accelerates discovery and democratizes science.

[Citizen Science Initiatives]{.c2}

• [Community Projects]{.c3}: Initiatives that involve the public in data
collection and experimentation can lead to novel insights and widespread
interest.

• [Educational Programs]{.c3}: Integrating fungal computing topics into
educational curricula can inspire the next generation of scientists and
innovators.

[Benefits of Public Engagement]{.c2}

• [Diverse Perspectives]{.c3}: Incorporating a wide range of viewpoints can
lead to creative solutions and a more comprehensive understanding of
challenges.

• [Resource Expansion]{.c3}: Citizen participation increases the resources
available for large-scale studies, facilitating more extensive research en-
deavors.

In summary, the field of mycelium-based computing is at a nascent yet
promising stage, with opportunities for expansion through DIY projects, inte-
grationwith existing technologies, focused research, and active public involve-
ment. These efforts collectively contribute to the evolution of sustainable and
innovative computing paradigms.
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