
Day 1: M1 Morning session 1: (25 min) Marco Villani, 
Matteo Balugani and Roberto Serra The properties of 
pseudo-attractors in random Boolean networks

To start with in sequence I found this paper: "Marco Villani, Matteo Balugani 
and Roberto Serra: The properties of pseudo-attractors in random Boolean 
networks" at https://iris.unimore.it/retrieve/c5b33d7b-4e6a-4e5d-
ba94-253bf359da34/isal_a_00518.pdf.

I found this extended abstract quite similar to the work of coarse graining. If 
you remember our coarse graining in CA, the proposed idea in this paper is 
quite similar to that, but for Random Boolean Networks. They introduce 
"Pseudo-attractors" to capture the average behavior of genes or components 
within the network over time, even if the system gets chaotic. 
 
The idea is they hypothesize and later show that genes in single real world cells 
are often chaotic however, are interdependent. At the same time, while in the 
simulation of the RBN, they try to capture the same notion using pseudo 
attractors.
 
To define pseudo-attractors, they calculate the average state of each node 
(gene) across different time steps within an attractor. "If the average state of a 
node is mostly 1 (on) during an attractor, it's considered to be part of the 
pseudo-attractor." something like frequency, don't you think so?
 
Reducing or finding the periodic attractors from a chaotic one is something 
they emphasize a lot and then choose a real world data to compare and 
analyze gene expression or other cellular activities.
 
What are your thoughts?
I think averaging or calculating the number of 1s is something related to 
frequency and then utilizing the "coarse graining" or they call it as averaging to 
identify pseudo attractors.

Title: Pseudo-attractors in Random Boolean Network Models and Single-
Cell Data
Abstract:
This is a summary of a research paper that introduces two new ideas in a field 
called Random Boolean Networks, which are used to understand complex 
systems. These new ideas are called "pseudo-attractors" and the "common 
sea." The paper explains how these ideas can be used to understand how 
genes work in individual cells by analyzing their activity.
Introduction:
Imagine you want to understand how a complex system works, like how genes 
in our cells interact. Scientists use models to help them understand complex 
things. One of these models is called a Random Boolean Network (RBN). It's 
like a simplified version of how genes in our cells turn on and off. The RBN 
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model can represent different behaviors, like when things are very ordered or 
when they seem random. This model can also help us understand how genes 
work, even though it's not exactly like real cells.
In this RBN model, each gene's behavior is influenced by other genes and their 
rules for turning on and off. The model works in steps, where each step is like a 
moment in time. At each step, genes can change their state based on their 
rules and the states of other genes. This process is called "updating." However, 
in this paper, they're mostly focusing on a version where all the genes change 
at the same time, which might not be exactly how it happens in real cells.
Pseudo-attractors and Common Sea:
Now, imagine you're watching how genes change over time. You might notice 
some patterns that genes follow. These patterns are called "attractors." 
Attractors can be stable states (like when genes settle down to a specific 
pattern) or cycles (like when genes keep repeating a pattern). But here's the 
tricky part: the patterns we see can change a lot based on how we're looking at 
them. It's like seeing different things depending on how we look at them.
So, in this paper, they introduce a new idea called "pseudo-attractors." These 
are like patterns that genes tend to follow on average, even if things seem a bit 
chaotic. To make it simple, they're finding a way to look at the average behavior 
of genes even if things seem to be changing a lot.
Then, they talk about the "common sea." Imagine you're comparing these 
patterns for different cells. Some genes might behave in similar ways in 
different cells. They call this the "common sea." It's like finding the parts that 
are the same in different cells. The rest of the genes are in the "specific part," 
which are the parts that are different between cells.
Applying to Real Data:
Now, let's switch from the model to real cells. Scientists can measure how 
genes are behaving in single cells. But this data can be messy and hard to 
understand. The paper suggests using the ideas of pseudo-attractors and the 
common sea to make sense of this data.
For example, they took real data from cells and turned it into simpler patterns 
using pseudo-attractors. They found that some genes tend to behave similarly 
across different types of cells. This is like finding the common sea in real cells.
Conclusion:
This paper introduces two new concepts, pseudo-attractors and the common 
sea, in a model called Random Boolean Networks. These concepts help us 
understand how genes might work in individual cells. They show that these 
ideas can also be useful for understanding real data from cells. This kind of 
work could help us better understand how genes behave in complex systems 
like our bodies.

A pseudo-attractor is a concept introduced in the context of Random Boolean 
Networks (RBNs) to capture the average behavior of genes or components 
within a network over time, even if the system's dynamics appear to be 
somewhat chaotic or variable.
To understand this, let's break it down step by step:

Random Boolean Networks (RBNs):
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An RBN is a mathematical model used to study complex systems, often 
applied to gene regulatory networks.
In an RBN, each "node" represents a gene or a component, and these 
nodes can be either in an "on" state (1) or an "off" state (0).
Nodes are connected in a network, and they influence each other's 
states based on specific rules or functions.

Attractors in RBNs:
In RBNs, "attractors" are patterns or states that the nodes tend to 
settle into over time. These can be stable points (where the system 
doesn't change) or cycles (where the system repeats a pattern).

Pseudo-attractors:
In real-world biological systems, such as gene expression in cells, the 
behavior of genes is influenced by various factors and can be quite 
complex and noisy.
Pseudo-attractors are introduced to capture the overall or average 
behavior of genes even if the system's dynamics seem chaotic or noisy.
Imagine if you watch a system evolving over time and it seems like it's 
changing a lot, but if you step back and look at it from a broader 
perspective, you might notice some patterns that repeat on average. 
These repeating patterns are like pseudo-attractors.

Calculating Pseudo-Attractors:
To define pseudo-attractors, researchers calculate the average state of 
each node (gene) across different time steps within an attractor.
If the average state of a node is mostly 1 (on) during an attractor, it's 
considered to be part of the pseudo-attractor.
This helps capture the genes' typical behavior during attractors, even if 
they might oscillate or change during individual steps.

Importance and Use:
Pseudo-attractors provide a way to understand the overall behavior of 
genes in a more stable manner, even if the system's dynamics seem 
complex.
They offer a simplified view of gene behavior that can be useful for 
interpreting experimental data or making connections between the RBN 
model and real-world biological systems.
Pseudo-attractors help bridge the gap between the abstract RBN 
model and the complexity of gene expression in actual cells.

In essence, a pseudo-attractor is like an "average behavior pattern" that helps 
us see the underlying order within the seemingly chaotic dynamics of a 
complex system like gene regulation.


