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1.Introduction 

 
This project is intended but not limited to any person who is in some way involved in 

the study of the brain. 

I.Description 
 

QualiaSeeker is an experimental application. Its main purpose is to investigate the 

effect that electromagnetic fields may have on the evolution of a Mnesic Surface. This term 

has been used by authors who were trying to describe some of the effects of the brain, 

through means of a surface of gelatin and hot water. The idea was that pouring little 

quantities of hot water on such a surface would leave a trace that would persist once 

gelatin was left to cool down again. This process would give to the surface some property 

of memory (Mnesico being an Italian word and meaning “something related to memory”). 

In our case, we will be working with a volume instead of a surface, but the original 

term is used just to keep some level of confusion! 

This application instead of gelatin and hot water will use images for stimuli and a 

very rough model of small brain piece. A genetic algorithm will try to maximize a score 

function that the user will provide. Starting a discussion about what the score function 

should be is one of the main goals of this whole project. 

In Chapter 2 we will go through the complete definition and implementation of the 

surface. 

Chapter 3 is dedicated to the genetic algorithm used in the application. 

Chapter 4 describes the entire GUI and the application functionality. 

In Chapter 5 you will find some simulations that I made myself and find interesting. 

That way you do not have to launch any simulations in order to get an idea of the results. 

Chapter 6 is more of an attempt to set the bases for a discussion. 

Finally, Chapter 7 is a list of enhancements and theory developments that would 

make sense after this point. 

 

II.Implementation 
 

Main code is written in C# and implemented in the environment of gaming engine 

Unity. For speed purposes, also GPU acceleration is possible. That part is only available 

for Nvidia and CUDA compatible devices. The application will make automatically all 

necessary tests in order to inform you if your machine is compatible.  
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In case you come across any bugs, please make sure you know how to reproduce it, 

and feel free to contact me. 

Only a Windows version is available for now. Possibly a Linux in the future, I doubt a 

MacOS. 

 

III.Useful links 
 

This Document: Here 

QualiaSeeker Application: Here 

Reddit Discussion: Here 

Website: Here  

Emails: neuraldip@gmail.com, katelouzos@diversemechanics.com 

 

http://www.diversemechanics.com/Downloadable/QualiaSeeker/QualiaSeekerDoc.pdf
http://www.diversemechanics.com/Downloadable/QualiaSeeker/QualiaSeeker.rar
https://www.reddit.com/r/neuroscience/comments/7o2277/qualiaseeker_discussion/
http://www.diversemechanics.com/
mailto:neuraldip@gmail.com
mailto:katelouzos@diversemechanics.com
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2.The Model 
 

I.The neuron 
 

Gather all your patience and tolerance; this is not a 

neuron model; this is just the name we will give to the 

building block of the mnesic surface. Visually the neuron is 

composed of two objects, the vector and the containing 

cube. The color of the vector and the transparency and 

color of the cube will represent different quantities 

depending of the choises of the user. Please refer to 

section 4.IV to see how this is done. 

From a definition point of view, the neuron is fully 

defined by six parameters. All these parameters make part of the genetic code of the 

surface. 

.Current distribution direction. 
In this project, we want to observe the effects of EM fields to the evolution of the 

surface and for that, we need a source of EM fields. A fundamental analogy with true 

neurons is the description of the action 

potential by a current dipole. This dipole 

will have to have a direction, which in our 

case will be discretized. The level of 

discretization of the direction is defined by 

AngleBins that can be modified (as every 

other parameter in this section) from the 

“Mnesic surface Panel” in the GUI. It can be 

an integer between 1 and 36. Direction is 

defined by two polar coordinates, so each 

coordinate has 10 angular degrees as 

minimum quantization. The discretization is 

fixed for all neurons and throughout the generations. 

.Current density Magnitude. 
Appart from the direction, a current dipole needs to have a magnitude defined too. 

This is going to be a float number between 0 and 1 which internally for reasons of 

efficiency is going to be discretized in 256 steps. 

.Activation Function. 
Three possible choices define the form of the activation. Examples in the Figure 2-2. 

Also this parameter is fixed for all neurons and generations. 

FIGURE 2-1 : THE NEURON 

Square 

Linear 
Quadratic 

1 

 

FIGURE 2-2 : SOME OF THE NEURON'S PARAMS. 
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.Activation Endurance. 
Is the number of steps that the neuron will stay active. In the application, you will be 

able to set the maximum value of it, valid for all neurons and it has to be smaller than 

100. 

.Refractory period. 
Is the minimum number of steps that an individual neuron has to stay idle, before it can 

be activated again. Here too, you cannot set the value directly, but only its limits. Here too 

the values have to be under 100. 

.Activation Threshold. 
To establish whether it is time for a neuron to get in the excitatory phase or not, the 

average current magnitude of the neighboring 6 neurons has to be evaluated and 

compared to the activation threshold. This is a number between 0 and 1 and discretized in 

256 steps. 

 

II.The Surface 
 

The mnesic surface is a 3D lattice of neurons. At this 

point one last type pf parameter needs to be defined. Is 

the way adjacent neurons affect each other. While 

describing the meaning of activation threshold in the 

previous paragraph, I involved the average of the 

neighbors. The truth is that we are dealing with a 

weighted average and the test for the activation of the 

neuron in position (i,j,k) is done like this: 

𝐴𝑐𝑡𝑇ℎ𝑟𝑒𝑠ℎ ≤
1

3
∑ 𝐴𝑖+𝑥,𝑗+𝑦,𝑘+𝑧 ∗ 𝑊𝑖+𝑥,𝑗+𝑦,𝑘+𝑧

1

𝑥=−1
𝑦=−1
𝑧=−1

  

With the assumption that only one of x, y, and z are 

different from zero at a given time and A is the 

activation of the neighbor neuron at the previous step. 

The reason why the average is not done over 6 but 

over 3 is because very low activation rates were 

observed. 

All These connectivity weights create three matrices 

of parameters. For reason of completeness, we can associate triplets of these weights to 

each neuron. This way each neuron is associated to 9 (six in the previous paragraph and 

three connectivity weights) parameters, and finally a whole surface is described by 

9*SizeX*SizeY*SizeZ parameters in total. 

 

FIGURE 2-3 : MNESIC SURFACE 

 

 
 

FIGURE 2-4 : NEURON (I,J,K) 
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III.Simplifications 
 

The purpose of this application is not to arrive at final numerical results, but to make a 

qualitative study. Main concern is speed and preservation of various patterns and 

emergent phenomena. This means that whenever we can save on calculations we will do it. 

First and most obvious simplifications that we will do is to reduce all physical constants 

to one. This way for example, Maxwell’s equation ∇ ∙ 𝐸 =
𝜌

𝜀
 becomes ∇ ∙ 𝐸 = 𝜌. Along the 

same lines, keep always in mind that independently of the size of the surface, one neuron 

has always edges of length one unit of length and volume equal to one unit of volume. The 

most part of the computational power is needed for the calculation of the fields and the 

field energies. 

.Electric fields 
To calculate the Electric field, we sweep through all the neurons and sum the partial 

field produced by every source. Sources are treated as 

electric dipoles and the starting formula is the 

following: 

𝐸𝑟⃗⃗⃗⃗ =
1

4𝜋𝜀0𝑟
3
(3(𝑝 ∙ 𝑢𝑟⃗⃗⃗⃗ )𝑢𝑟⃗⃗⃗⃗ − 𝑝 ) 

Where 𝑟 is the distance from dipole’s center to 

current position, 𝑝  is the dipole’s moment which we 

consider to be equal to the neuron’s activation at the 

given step and 𝑢𝑟⃗⃗⃗⃗  is the unit vector pointing in the 

direction of 𝑟. The equation that is actually used is the following:  

𝐸𝑟⃗⃗⃗⃗ =
(3(𝑝 ∙ 𝑢𝑟⃗⃗⃗⃗ )𝑢𝑟⃗⃗⃗⃗ − 𝑝 )

𝑟3
 

.Magnetic fields 
For the Magnetic fields, Ampere’s law is used in the following form: 

𝑑𝐵𝑟⃗⃗ ⃗⃗ ⃗⃗  ⃗ =
𝜇0𝑖

4𝜋

𝑑𝑠⃗⃗⃗⃗ × 𝑢𝑟⃗⃗⃗⃗ 

𝑟2
  

Instead of integrating this equation, we will just 

consider 𝑑𝑠⃗⃗⃗⃗  integrating over one unit of length and that 

the angle between 𝑑𝑠⃗⃗⃗⃗  and 𝑢𝑟⃗⃗⃗⃗  is constant. That way we 

can end up with 

𝐵𝑟⃗⃗⃗⃗ = 𝑖
𝑢𝑠⃗⃗⃗⃗ × 𝑢𝑟⃗⃗⃗⃗ 

𝑟2
  

 
 

𝑢𝑟⃗⃗⃗⃗  

𝐸𝑟⃗⃗⃗⃗  

𝑝  

𝑟 

FIGURE 2-5 : ELECTRIC FIELD AT POSITION R 

𝑢𝑟⃗⃗⃗⃗  

𝐵𝑟⃗⃗⃗⃗  

𝑖𝑢𝑠⃗⃗⃗⃗  

𝑟 

𝑑𝑠⃗⃗⃗⃗  
FIGURE 2-6 : MAGNETIC FIELD AT POSITION R 
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.Energy densities. 
By now, the kind of approach has to be clear and the modification of field energies 

must be trivial, from: 

𝑈𝑒 = ∫
1

2
𝜀0𝐸

2𝑑𝜏 

and 

𝑈𝑚 = ∫
1

2𝜇0
𝐵2𝑑𝜏 

to  

𝑈𝑒 = 𝐸
2 

and 

𝑈𝑚 = 𝐵
2 

(recall that the volume of a neuron always equals one). 
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3.Genetics 
 

I.Genetic Algorithm 
 

The genetic algorithm used is of a basic kind. There are no islands involved and 

migration or other special tricks. There is only one population available, one score function 

and next generations are resulted through percentages of cross-overring, mutation, cloning 

and new surfaces that are do not contain genes from the previous generation. 

.Genesis and cloning 
New surfaces are essential at the first stages of the simulation, while a randomly 

generated surface can compete with the others, because in this way we can introduce 

some variety to the population. Once new surfaces score very low, we can remove them 

from the pool. Cloning on the other hand, is needed throughout the simulation, because this 

way we are sure not to lose the best of the surfaces. 

.Cross-overing 
Crossover is always done between two parents. A 

3D CrossOver point is defined randomly, which divides 

the surface is eight parts. Four of those parts are 

cloned from one parent, and the other four from the 

other, as is shown in Figure 3-1. It is useful to keep a 

certain percentage of cross-overing throughout the 

simulation too, but it is useful only in certain 

circumstances and is not expected to give many 

performant surfaces. 

.Mutating 
The biggest percentage of the new generation 

should be made up of mutated surfaces. This is in fact 

the main mean one has to inject new traits in his model. A key parameter to tweak is the 

MutationStrength. Initially, while the simulation is still at its beginnings, a higher 

MutationStrength would help explore a wider range of paths in the evolution tree, but 

once you feel the simulation is not progressing enough, you can start reducing it. Recall 

that a surface of N neurons will have 8*N parameters available for mutation (Activation 

function is not mutable). In parenthesis next to the MutationStrength slider, you will see the 

actual number of parameters that are going to be mutated. Use your intuition to set the 

correct value. 

 

 

 

 

CO 

Parent1
 

Parent2
 

FIGURE 3-1 : CROSS-OVER POINT AND PARENT 

RELATION. 
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II.The score function 
 

One would probably argue that the score function (also known as fitness function) is by 

far the most important aspect in a genetic algorithm. This will actually choose the children 

that will become parents in the next generations and in the end define the evolution path 

that your system will follow.  

In our case the nature of the research is such that we have little to no idea what the 

score function should be. In order to better understand the discussion about the score 

function for the mnesic surfaces, you should read chapters 5 and 6 where a more in depth 

reasoning is outlined. In this chapter, I will only describe the way the score function is 

defined in the application. 

We should provide to the user of the application a much flexible way of defining his 

own function without making it all too complicated. The idea is that the user can combine 

four main quantities for that reason, being electric energy (e), consumption (c), average 

distance of the sources (d) and number of sources (n). In case one wants to force the 

average value of one of those quantities, he should tick the box next to the variable and 

set it to the wanted value. If zero is left in the box, then a predefined behavior is selected, 

that is energy and average distance are set to increase indefinitely while consumption and 

number of sources are set to decrease. Look at the actual function in the GUI to make sure 

which the case is.  

Note that all quantities are considered averaged on the number of steps. 



12 
 

4.The GUI 
The GUI of the app is divided in 5 sections, and we will describe them here. 

I.Input definition 
 

This tab is where the user can define the input to the surface. Remember that all 

surfaces in order to give a result need to have the input defined (even those kept in the 

save file). Also, remember that all surfaces will use the same input. Finally notice that a 

surface generated using some input, can be evaluated with different ones. 

1) The tabs that let you navigate through the GUI. 

2) Every time you hover the mouse over an element, some related information will 

appear here. 

3) Three global buttons. (from left to right)  

a. Open this doc. 

b. Save the state of the App. The state is saved in 

“{instDir}\QualiaSeeker_Data\Saves” and is loaded automatically next 

time you open the App. 

c. Close the App. No automatic save is done. 

4) The contents of the current folder. Tick/untick valid image files in order to 

add/remove them in the sequence of the input. Valid images have to be  

a. Supported Image file: BMP, GIF, EXIF, JPG, PNG and TIFF. 

b. Supported pixel format: 8bpp, 24bppRGB, 32bppARGB and 32bppRGB. 

Color images are always transformed in grayscale internally. 

FIGURE 4-1 INPUT DEFINITION PANEL 
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5) The images selected for the sequence. You can rearrange them from the arrow 

buttons. 

6) Details about the selected image. 

7) This is an important parameter for the input. Every image in the sequence will 

endure this number of steps. Remember that a too long sequence will have an 

effect of the simulation time. 

8) Remember to press this button in order for the input to be created and attached to 

the surfaces. 

9) You can preview the images you import here. Select an image from the list to 

preview it. 

 

 

II.Surface Definition and GPU Acceleration 
 

This panel mainly contains the parameters that define the type of the surfaces in the 

population. There is also the part for GPU acceleration, which looks unrelated, but was put 

here for reasons of space economy. 

1) The size of the Surfaces. Underneath are the two main numbers that mostly 

affect the performance of the simulations (Along with the population size 

defined in the next panel). 

2) These are the parameters, which are common to all surfaces in the population 

and stay fixed throughout the simulation. Note that third and fourth line define 

minimum and maximum limits instead of actual values for the surface. Make sure 

you read Chapter 2 that describes what those parameters mean. 

FIGURE 4-2 : MNESIC SURFACE DEFINITION AND GPU ACCELERATION PANEL 



14 
 

3) These parameters are separated by a line from the above, because they 

actually define the initial value that the surfaces will have when the reset button 

is pressed. After that, each neuron will get mutated values between 0 and 1. 

4) This is the GPU acceleration section. Every time you launch the application, a 

check is done to determine whether you have a compatible graphics card. In 

order to be able to use your GPU, it has to have at least 

computeCapability>=3.0 (GTX660 or later) and have 

driverVersion>=376.51. Finally, there are also the radio buttons that will 

become available if all goes well. 

5) Streams in a CUDA GPU is the analogue to threads on a CPU. You might not 

notice much difference though by changing the number of streams. 

6) You can preview the size of the surface here. Note that you are not previewing 

any surface in particular, but only an example. This is why, only the neurons on 

the faces of the cube are visible and all vectors therein. Remember to use left 

click to rotate, right click to pan, scroll to zoom and middle button to reset.  

 

 

III.Genetic Parameters 
 

Here is where the simulation takes place. Most of the time you will spend it here. 

1) These are the main genetic parameters. Move the sliders around to set the 

percentages for the next generation. The text next to the sliders represents the 

percentage and the true number of surfaces in parenthesis. Make sure you 

FIGURE 4-3 : GENETIC PARAMETERS PANEL 
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have read Chapter 3 where genetics are explained. In the case of 

mutationStrength slider, the text in parenthesis represents the average number 

of parameters that is going to be updated. Remember that there are 

9*TotNeurons parameters available for every surface. 

2) Key aspect of the whole project. Available elements of the score function are 

AverageElectricEnergy, AverageConsumption, AverageDistance and 

AverageActivatedNeurons. For each of them you can set a value to which 

make the surfaces tend, or leave it to zero. In the latter case, the maximization 

or minimization of the value will be attempted depending on the definition. 

You will be able to see the form of the score function on the right part of the 

section. 

3) Self-explanatory, are the population size, the number of generations the 

simulation will progress once you press the Step-Many button and the number 

of threads the CPU will use. 

4) These are the main population buttons. 

  This button starts the whole population with clones from the 

selected surface. You need to have at least one selected surface in the 

“Kept list” for this button to be active. 

  This is the normal reset button. Population is started with randomly 

generated surfaces. You need to do a restart in case you have 

modified important parameters. Keep an eye on the console for any 

related messages. 

  Step the simulation only one generation ahead. 

  Step as many generations as the input in the box above. You 

can stop the simulation, but you will have to wait for the current 

generation to finish. 

5) This is the console. Here you will see all kinds of messages. Make sure read 

them regularly. Here you will also see any caught exceptions. Please make 

sure you know the exact sequence that reproduces the exception, contact me 

and I will try to fix it ASAP. 

6) This is the list of all the surfaces currently in the population in descending score 

order. You can press the tick button next to the name in order to keep the 

surface in the “Kept List”. The naming convention divides the name in three 

parts. Note that the middle part of the name will change if you change the 

input or the score function. 

7) This is the “Kept List”. This list will be saved along with the state. You can use 

these networks either to start a new population from them or to analyze them. 

When comparing, two surfaces have to be selected. The last to be selected will 

be considered the main surface. Look at the console to make sure their position. 
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8) For every surface saved, you can associate a comment In order to remember 

the way it has been generated or other related info.  

9) The plot has two modes. The first shows the progression of the score and the 

second the distribution of the scores of the current population. Press the button 

to switch between the two. 

 

IV.Preview and Compare surfaces 
 

Preview and Compare panels do exactly what their names imply. 

1) Slider and sequence navigation. Use the slider or the buttons to navigate. 

  Step Backwards. 

  Step Forwards. 

  Play forward. 

  Playback speed. 

  Restart when at the end. 

2) Vectors appearance. You can select the vectors to show one of sources, Electric 

fields or magnetic fields. Can also change color and overall visibility. 

3) Neurons appearance. Neurons can be deactivated like vectors from a tick 

button. 

FIGURE 4-4 : PREVIEW PANEL 
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 Transparency can be uniform, or be driven by: Source Activation level, 

Electric energy, Magnetic Energy, Connectivity or threshold.  

 A color range can also be defined, and represent one of the latter 

quantities. 

4) Plots: 

  Sources count. 

  Energy consumption. 

  Electric Energy. 

  Magnetic Energy. 

5) Use left click to rotate the surface, right click to pan, scroll to zoom and middle 

button to reset position. 

6) In the Comparison panel, the buttons are the same as in the preview. The 

difference is that plots can be moved in order to get them out of the way. Main 

surface is blue line and secondary surface is the purple. In order to choose 

which surface is main and which is secondary, tick them in the right order in the 

genetics panel. Last ticked is the main. 

 

 

FIGURE 4-5 : COMPARE PANEL 
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5.Simulations 
 

In order to have a quick idea of the kind of results that you can have by running the 

simulations, in this chapter I will present some examples of the simulation results I had.  

  

I.Good practices 
 

First some good practices I learned by using the application 

.Use shortcuts. 
If you have a clear idea of the score function, you want to use and you are not just 

experimenting, you might find it useful to avoid using that particular function since the 

beginning. You might want to first use a “shortcut” function that will evolve the population 

to a preliminary state and then use the function you had in mind. I.e. if you want to use the 

function 𝑆 = 𝐸/𝐶, you could first use 𝑆 = 𝐸 to increase the energy rapidly. Another case 

would be to set a high value for ‘n’ in order to bring your system to a highly chaotic state 

and then proceed from there.  

.Use the distribution plot. 
Very often, you will find the distribution plot useful. As you can see in Figure 5-1the 

distribution will be comprised mainly of three parts. 

If you notice a high volume of disconnected 

surfaces with low score (Case ‘A’), it is probably 

because you are still generating a percentage of 

your population with completely new surfaces. 

Maybe it is time to reduce the slider of the ‘new’ 

to zero because randomly generated surfaces do 

not compete anymore with the rest of the 

population. 

The surfaces in ‘C’ are generated by mutation and those in ‘B’ are either by small 

mutations or by cloning and cross-overing. If you notice parts ‘B’ and ‘C’ get disconnected, 

it means that you are using a very high MutationStrength and you should start considering 

lowering it. 

.Choose the length of the sequence wisely. 
As you will notice in the immediately following sections, the periodic evolution of the 

sequences is something recurrent. On the other hand I remind you that the length of the 

sequence is one of the three aspects (the other two being the surface size and the 

population size) that mostly affect the simulation time.  

You want to shorten the sequence as much as possible especially in the early stages of 

the simulation. To do this safely, you could use the complete sequence just for a handful of 

FIGURE 5-1 : SCORE DISTRIBUTION EXAMPLE 
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generations, until the period of the sequence is apparent, and then use a sequence slightly 

bigger than that period. You can always change the input to the complete sequence at the 

final stages of the simulation. 

 

II.Persistence and periodicity. 
 

One of the first properties that you will notice when you start 

playing with the software, is that the system will try to persist in 

time, especially if you use a score that has the energy on the 

numerator (which to me is the only way to go). What at a first 

glance may look funny is the fact that this is not only achieved 

through evolution of periodicity, but the quantities involved tend 

to maximize their amplitude. This is explainable in part by the 

squared current activation in the numerator of the score (always 

assumed we are using S=E/C) and in part by the presence of a 

refractory period. In Figure 5-2, are plotted the quantities for 

two surfaces, one early and the other late in the simulation. We 

can note that the period is distinguishable from the early stages, 

and stays fixed throughout the simulation. In these marked cases, 

the period will tend to be around 

MaxActivationPersistence+MinRefractoryPeriod. 

 

III.Clustering and alignment. 
 

Both periodicity and clustering are direct consequences of the score function we choose. 

For the system to increase its energy, the most obvious configuration would be to cluster 

aligned neurons together and this is what can 

easily be reproduced with the software. What is 

a little trickier to explain is why clustering is not 

the only configuration observable, as 

theoretically is the most efficient one. An attempt 

to give an explanation will be given in sections 

6.I and 6.III. 

 

IV.Feedback loops. 
 

A basic effect that one would want to see evolving in the mnesic surfaces are feedback 

loops. In the first link in Figure 5-5 you can see two simulations of a sweep input put side 

by side. Note how the direction of the loop follows the direction of the sweep. In the 

second example I present here, you may notice that throughout the loop, neurons keep a 

FIGURE 5-2 : EXAMPLE WITH PERIOD 

AND CLUSTERING 

FIGURE 5-3 : LINK TO VIDEO SHOWING 

BASIC EFFECTS. IN ORDER OF 

APPEARANCE: CORNER SOFTENING, 
FILAMENT, CLUSTERING AND 

PERIODICITY. 

FIGURE 5-4 : CYLINDRICAL MAGNETIC FIELDS DUE TO THE 

ALIGNMENT OF THE NEURONS. 

https://www.youtube.com/watch?v=74CGF3vjL30
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certain direction except from one single 

neuron that has the exactly opposite 

direction. In fact, if you pay close 

attention, you will notice that the loop 

stays closed because of one single 

neuron and that neuron has inverted direction. This 

brings us to another effect, which is presented next.  

 

V.Inversion. 
 

At a first glance, this is quite a weird phenomenon, meaning 

that inverting the direction of a whole cluster should be 

counterproductive. As you can see in the video in Figure 5-6, 

there is a “bifurcation” of the period. In one period, we observe 

two clusters, with opposite alignments, which are active in 

different half-periods. Trying to reproduce more clearly this 

effect, I thought that a bigger surface in the Z direction would 

let the second cluster evolve in the same direction as the first, so maybe it would keep the 

internal neuron alignment of the first cluster. What I came across is the following:  

 

VI.Alignment from a distance. 
 

When I started this simulation, I thought I was to create a 

wave front sweeping the surface while alternating activation 

direction. What I got instead was two couples of clusters, 

alternating their activation direction, like in the link in Figure 5-7. 

I would say that is easy explainable, but one would not expect 

to see this as there are more efficient configurations available 

and maybe given enough time the simulation could really evolve 

to one but as I will try to argue in chapter 6 this is not necessary.  

 

VII.Filaments, impulses and other findings. 
 

Apart from the phenomena that I presented until here and 

are easily reproducible, there are some findings that appeared 

once, and I have not noticed again. It is as if some particular 

initial conditions drive the evolution of such objects. In the links in 

Figure 5-3 and Figure 5-8 you can see some of them. 

FIGURE 5-5 : LINKS TO VIDEOS SHOWING A FEEDBACK 

LOOPS. 

FIGURE 5-7 : LINK TO VIDEO SHOWING 

DISJOINED ALIGNMENT. 

FIGURE 5-6 : LINK TO VIDEO SHOWING 

INVERSION. 

FIGURE 5-8 : LINK TO VIDEO SHOWING 

IMPULSES. 

https://www.youtube.com/watch?v=QtJrQtnkP_U
https://www.youtube.com/watch?v=4D4b7hyj7Qs
https://www.youtube.com/watch?v=nVrfbn57fxA
https://www.youtube.com/watch?v=hVtYy0V2YU8
https://www.youtube.com/watch?v=FbM1ATI20UA
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6.Discussion 
 

I will not get tired repeating that this is not an attempt to simulate the brain, but rather 

expose the physics, that might have contributed in its construction and evolution. This is 

actually a step back in time when not only brains, but not even nervous systems were 

present. It is also a step far away from earth, where the evolution of nervous systems are 

not affected by the particular conditions of our planet. We will all agree that conditions 

on earth are great for letting human brains evolve, but who says that conditions favoring 

the evolution of “better” brains don’t exist, not even in an artificial context? Letting basic 

physics shape basic models inspired by true brains given basic stimuli, is what this is (this 

also explains the qualia in the name).  Knowing what are the forces that drive the 

evolution and its building blocks might one day give us key tools in the study of this organ, 

or ever let us design our own!  

This chapter will be arranged in six paragraphs, each one examining the subject from 

a different angle. Numbered questions will be asked in order for you to have a reference 

and give your insight about things that from my point of view merit some attention. 

Obviously all your comments and ideas are welcome and you are invited to post them 

along with your answers to any of my questions to the reddit discussion I have set up for 

this reason and you can find the link in the introductive chapter. 

Of course, you may still feel free to contact me directly if you prefer. 

 

I.General. 

 
First, some basic considerations along with some definitions must be made in order to 

agree on some terminology and concepts.  

We must keep in mind that everything in this chapter is based on a discrete timed 

simulation so if we are going to discuss about any physics, we should always remember 

that no quantity is continuous. In particular, when we analyze a state of the system in time, 

we mean the whole ∆𝑡 of one simulation step. I.e. when we talk about amounts of energy, 

we intend energies consumed or generated in a whole ∆𝑡.  

Talking about energies, a very important aspect about our system is that it is non-

equilibrium. Energy is continuously provided and eventually it all ends being EM energy 

outside the system while we consider that there is no heat generation. The moment we stop 

providing energy, not only will it reach an uninteresting point of equilibrium but 

furthermore, in that point, the system will contain zero energy.  

Question  1: Driven by the thought of the mnesic surface defined in this project, by “uninteresting” 
I mean a dead surface where nothing is happening. In neuroscience, a non-active part of the 
brain does not mean that there is no energy consumed and no action potentials fired. Is this 
activity useful in anyway like processing any information or just a physiological reaction? 
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Could you please give your insight on the alive but inactive brain? How foreign to an 
equilibrium could it be? 

It might seem evident that we would find useful some notions from thermodynamics, like 

internal energy or free energy, but we cannot really consider our system to be rigorously 

thermodynamic and the absence of heat is not the main reason. The main reason is the 

absence of stochastic quantities altogether and the impossibility to define a partition 

function. The state of our system is completely known and given an input, the reaction of 

the system is known and predictable a priori. Attempts to break the deterministic nature of 

the system will be done in section 6.III. 

Despite the non-rigorous thermodynamic nature and the non-equilibrium state, we still 

have a certain amount of energies to deal with and we will need some names for them, so 

hereafter I will redefine four fundamental notions in thermodynamics in order to make 

them fit in our case. 

.Enthalpy 
As you already know, the definition of enthalpy is: 𝐻 = 𝑈 + 𝑝𝑉  and quoting from 

Wikipedia :  “…it includes the internal energy which is the energy required to create a 

system, and the amount of energy required to make room for it by displacing its 

environment and establishing its volume and pressure.”. To us the energy of the system is 

EM energy generated by current dipoles. Given the electric fields generated by two 

dipoles 𝐸1⃗⃗⃗⃗ and 𝐸2⃗⃗⃗⃗  we will have:  

𝐻 =∭𝑢𝑑𝑉 =
𝜀0
2
∭(𝐸1⃗⃗⃗⃗ + 𝐸2⃗⃗⃗⃗ )

2
𝑑𝑉 

= 
𝜀0
2
∭(𝐸1⃗⃗⃗⃗ 

2
+ 𝐸2⃗⃗⃗⃗ 

2
+ 2𝐸1⃗⃗⃗⃗ 𝐸2⃗⃗⃗⃗ ) 𝑑𝑉 

=
𝜀0
2
∭𝐸1⃗⃗⃗⃗ 

2
𝑑𝑉

⏟        
𝐻1

+
𝜀0
2
∭𝐸2⃗⃗⃗⃗ 

2
𝑑𝑉

⏟        
𝐻2

+ 𝜀0∭𝐸1⃗⃗⃗⃗ 𝐸2⃗⃗⃗⃗ 𝑑𝑉⏟        
𝐻𝑢

 

I slightly abused in the notation and used 𝐻 directly in the formula because if not I 

would have to use 𝑈 twice meaning two different things (internal energy and electric 

energy). As to the equation itself, it is a surprising coincidence to note the division of the 

electric energy in three parts. 𝐻1 and 𝐻2 are independent of 

the other dipoles and represent the field energy, which is the 

energy needed to fill the space with the field, while 𝐻𝑢 is the 

energy due to the interaction of the dipoles. Consequently, it is 

natural to make analogies like 𝑈 ↔ 𝐻1 + 𝐻2 and ↔ 𝐻𝑢 . 

.Internal and external energy 
First thing to note from the above conclusion is that the 

internal energy In our case is not useful. We will only find 

useful energy in 𝐻𝑢. This is why we will never use the term 

“internal energy” to describe 𝑈 and we will give our own 

definition. Without going into much detail of the reasons, we 

Internal (useful) energy
 

External (useless) energy
 

FIGURE 6-1 : CONTOUR LINES OF 

ENERGY DENSITY 
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will make the distinction of internal and external energy meaning whether it is internal or 

external to the surface. The energy contained in the mnesic surface, is energy that could 

potentially affect the activation of the neurons in the next time step and we will use the 

letter 𝐸 to represent it. It is also this quantity, which is available in the score function. The 

energy outside the surface as in the case of 𝑈 cannot be reused by the system and we will 

just use 𝐸𝑒𝑥𝑡 for the notation. 

.Free energy 
In thermodynamics, free energy is described as the amount 

of useful work that one can extract from a system given the 

temperature of the heat bath. In the previous two paragraphs 

I have divided enthalpy (the total energy available in EM 

fields), in useful and useless parts and the summary is shown in 

Figure 6-2. Starting from the integral in the definition of the 

enthalpy, we can redefine also free energy like this: 

𝐴 =  
𝜀0
2

∭ ((∑𝐸𝑛⃗⃗ ⃗⃗ 

𝑛

)

2

−∑𝐸𝑛⃗⃗ ⃗⃗ 
2

𝑛

)𝑑𝑉

𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙

 

Where 𝑛 sweeps through all active neurons and by 

𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 is meant to integrate only inside the volume of the surface. Free energy is 

depicted in yellow in the figure, but there is also a spicy blue bit. 

.Work 
I might have looked for a better name for this, but I could 

not help the temptation to make another analogy with 

thermodynamics and that is the inequality between work and 

free energy decrease like this: 

𝑊 ≤ −∆𝐴 

Our case is somewhat more complex as a) we will have to 

distinguish the various time steps and b) as shown In Figure 

6-3, we will have to deal with two kinds of work. First kind 

(𝑊−) is the energy that is absorbed by current monopoles and 

induces a new current density (𝐽−) summed over (𝐽𝑐) already 

present because of the energy provided by the exterior. At 

this first step, we will have: 

∆𝐻𝑡
− = ∆𝐴𝑡

− = −𝑊𝑡
− ≤ 0 

Once the currents are induced on the monopoles, they might have a constructive or a 

destructive effect. If 𝐽− and 𝐽𝑐 have the same sign, then 𝐽− will return back to 𝐻 under the 

form of 𝑊+. If on the other hand 𝐽− and 𝐽𝑐 have opposite signs, then not only that part 

will not return back but it will also reduce by the same amount 𝐽𝑐 provided by the outside. 

At the second step, we will have: 

Eext E 

U 

Hu 

Useless energy 

 Free energy (A)
 

Work (W)
 

FIGURE 6-2 : SUBDIVISION OF 

ENTHALPY 

A 

C 𝑾− 

𝑾+ 

H 

∆𝑡𝑖 

FIGURE 6-3 : INSIGHTS ON WORK. 
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0 ≤ ∆𝐴𝑡+1
+ < ∆𝐻𝑡+1

+ = 𝑊𝑡+1
+ + ∆𝐶𝑡+1 

Question  2: How big or small is this effect in a true brain? Would you see wrong to compare it 
to extracellular excitation? 

Considering that ∆𝑋𝑡+1 = 𝑋𝑡+1 − 𝑋𝑡 and putting both steps together, we will have: 

∆𝐴𝑡+1
+ + ∆𝐴𝑡

−  <  ∆𝐻𝑡+1
+ + ∆𝐻𝑡

− = 𝑊𝑡+1
+ −𝑊𝑡

− + ∆𝐶𝑡+1 

𝐴𝑡+1 − 𝐴𝑡+1
± + 𝐴𝑡+1

± − 𝐴𝑡  <  𝐻𝑡+1 − 𝐻𝑡+1
± + 𝐻𝑡+1

± − 𝐻𝑡 = 𝑊𝑡+1
+ −𝑊𝑡

− + ∆𝐶𝑡+1 

∆𝐴𝑡+1 < ∆𝐻𝑡+1 = 𝑊𝑡+1 + ∆𝐶𝑡+1 

In case ∆𝐶𝑡+1 = 0, then we know that all the above quantities are ≤ 0 and watching 

the work from the point of view of the surrounding system (as is the case in 

thermodynamics), we arrive at the same thermodynamical result. 

Question  3: Can you confirm that all the above makes sense? Do you find any conceptual 
errors? Are there any relevant quantities that I missed and you think would be interesting to 
define? 

Question  4: Are you aware of any other previous attempts to make similar analogies? Could 
you provide references?  

 

II.Why 𝑆 = 𝐸/𝐶? 
 

You must have noticed by now that 𝑆 = 𝐸/𝐶 is my score function of choice and every 

other combination I use it only for support.  

Putting 𝐶 in the denominator is the easiest to explain and quite self-evident. A system 

whatever is meant to do in whichever domain, has to do it in the most efficient way as the 

available energy is always limited. This obviously applies to biological systems as the 

advanced brains but even in the first steps of the evolution when all there was were simple 

nerve nets transmitting information and no “qualia” production was intended. Truth is that 

putting 𝐶 in the score since the beginning slows down the evolution a lot, so I usually add it 

at the final stages of the simulation in order to smoothen the result. 

A simple way to visualize the reason why want to increase 𝐸 is the following. 

Whatever our system is trying to produce, it will not do it inside the surface. The available 

energy for the system to use is equal to 𝐶 and 𝐸𝑒𝑥𝑡 has to be reduced to the minimum. The 

system has to find configurations for the neurons, such that most of the energy stays in 𝐸. 

The same argument can be used about the enthalpy, and say that 𝑈 has to be minimized 

and 𝐻𝑢 maximized and consequently maximize 𝐴. Yes, this would be the perfect choice 

following this logic, but both 𝐻𝑢 and 𝐴 are very computationally expensive and would 

make their use in the score fruitless. Currently I do not plan to implement them. 

Another objection would be that what we really want to maximize is not 𝐸 or 𝐴, but 𝑊. 

Watching the system doing something with the energy instead of just holding it there. I 

would say that in my point of view are both equally important and interesting. As I will try 
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to argue in section 6.V, a sheer pattern formation might not be as useless as it seems. Still, 

on the other hand, viewing Figure 6-3 and especially its second part, one cannot help to 

think of 𝑊 as some quantity trapped between 𝐻 and the dipoles. Of course, that cannot 

be sustained without the expense of external energy. Once we reduce 𝐶 to zero, then 𝑊 

will inevitably perish. But we can ask to the system to evolve the surface to maximize this 

quantity, being the most interesting thing happening.  

At this moment the calculation of 𝑊 is not implemented, but is planned for the future. 

Other measurements are also planned, like moving averages, maximum limiters etc. Please 

check chapter 7 for the planned features. 

To sum it up, 𝑆 = 𝐸/𝐶 is the score function that will get the surfaces to do “potentially 

useful” stuff whatever that means, being the best thing we can do for the moment. 

Question  5: Any objections? Do you think that with the measurements available, there are better 
score functions that can be built?  

Question  6: After checking chapter 7, do you have any suggestions for new measurements? Are 
there quantities that would interest you to play with? 

There is actually another, more profound reason to want to increase 𝐸, 𝐴 or 𝑊 but I 

will describe that in paragraph 6.V. 

 

III.Statistics 
 

I have mentioned earlier that our system is neither thermodynamic nor in equilibrium. It 

is a complex system though and as such, our tools to analyze it are limited and heavily 

dependent on statistics. Obviously mathematical tools for mnesic surfaces are not 

available and we will have to make everything from scratch. Furthermore, as the model of 

the mnesic surface evolves and develops so will have to do the tools for our analysis. At 

this point, we can get inspiration from previous attempts of science to tackle such problems 

and we will have to focus on complexity theory and thermodynamics.  

Our main concern is to expose evaluate and eventually manipulate any complex 

behavior that our model can manifest. Special attention must be paid in answering 

questions like whether there is self-organizing behavior and how higher levels of such 

behavior can be achieved, or determine the chaotic degree of the system and its natural 

tendency to the edge of chaos.  

Question  7: I have not started any statistical analysis from the complexity theory point of view. 
What are the first steps that you would take? Could you give me a rough itinerary? 

Question  8: A fundamental signature of interesting complex behavior is the presence of power 
laws. What are the power laws that you would go seeking for, given our model? What other 
signatures would you be interested in? 

To this point, the analysis does not need any stochasticity to be taken into consideration 

and our system can already express higher levels of complexity. But there are some 
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reasons to consider stochasticity to be already part of the system or to inject appositely 

some. i.e. it might happen to have a simple system which needs a push in order to start 

behaving like a complex one and some random noise might do the trick. I would also like 

to remind you that the robustness of the complex behavior is a necessary condition for 

self-organization and injecting noise is how we should test for it. Finally, a crucial feature 

that we should be seeking for is the presence of phase transitions. Phase transition, is 

looked for by tweaking a parameter of the system, usually a noise injected into it. The 

branch in physics that by far is the pioneer in phase transition exploration is 

thermodynamics, where temperature plays the role of noise. In literature, the model that is 

usually used to explain phase transition is the Ising model and while exact solutions in the 

1D and 2D cases are relatively simple, in higher dimensions research is still ongoing. A 

mnesic surface model is not only three dimensional, but keep in mind that a given state 

spans for the whole duration of an input and in that sense is four dimensional. To 

complicate thigs more, we have to consider that in our case there are 𝐴𝑛𝑔𝑙𝑒𝐵𝑖𝑛𝑠2 ∗ 256 

possible spins and they are free to interact independently of their distance in the 3D 

lattice. Under this light, I would not hope much for some kind of solution and I would stick 

to numerical simulations. 

Question  9: Do you agree with this assertion? Would you venture in a different perspective? 

 

Given the dynamic character of our system, we could also consider a more intricate 

kind of phase transition, involving more than one tweaking parameter. For example, we 

could consider the system being in a certain phase if a particular dynamic pattern is 

formed. Changing the amount of noise would make that pattern appear and disappear 

bringing the system in a chaotic state. What if there was another parameter (i.e. 

maxEndurance in our case), that would bring our system to form another kind of pattern, 

for a different amount of noise? This analysis falls into the realm of complexity where we 

can observe different bifurcations of the system that is governed by different attractors in 

the phase space. The study of such attractors I would suppose that should be done only 

numerically, probably through a Monte Carlo method.  

In the rest of this section, I will shyly attempt to make some considerations under the 

light of statistical mechanics, just to get things going. I will not get into much mathematical 

detail, as my intention is to just describe and let you evaluate some general ideas. I will 

mainly limit myself to the use of some phase space diagrams, so let me start with a couple 

of definitions. 

What we are dealing with, is a system that will be forced to a state once the input is 

known. We will have a finite set of all possible inputs (ℐ) with cardinality 𝜴𝓘 =

𝟐𝟓𝟔𝑺𝒊𝒛𝒆𝑿∗𝑺𝒊𝒛𝒆𝒀∗𝑺𝒆𝒒𝑳𝒆𝒏𝒈𝒕𝒉. Those inputs are comprised by all the sequences of grayscale images 

with dimensions 𝑆𝑖𝑧𝑒𝑋 ∗ 𝑆𝑖𝑧𝑒𝑌. On the other hand, we have the possible states of our 

system, which are still countable and are the states derived from all combinations of all 

possible current dipoles in the center of every neuron. In this case, we will have 
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𝛀𝓢 = (𝑨𝒏𝒈𝒍𝒆𝑩𝒊𝒏𝒔
𝟐 ∗ 𝟐𝟓𝟔)𝑺𝒊𝒛𝒆𝑿∗𝑺𝒊𝒛𝒆𝒀∗𝑺𝒊𝒛𝒆𝒁∗𝑺𝒆𝒒𝑳𝒆𝒏𝒈𝒕𝒉. 

Remember again that one state spans the whole 

sequence of inputs. Finally, we have to somehow 

combine these two spaces and this is done 

through the surface itself, which we can consider 

to be a map ℳ:ℐ ⟶ 𝒮. The calculation for the 

size of ℳ, brings us to the following result:  

𝛀𝓜 = (𝟑 ∗ 𝟐𝟓𝟔𝟒(𝑨𝒏𝒈𝒍𝒆𝑩𝒊𝒏𝒔𝟐 ∗ 𝟐𝟓𝟔) ∗ 𝑬𝒏𝒅𝒖𝒓𝒂𝒏𝒄𝒆𝑴𝒂𝒙
∗ (𝑹𝒆𝒇𝒓𝑴𝒂𝒙 − 𝑹𝒆𝒇𝒓𝑴𝒊𝒏))

𝑺𝒊𝒛𝒆𝑿∗𝑺𝒊𝒛𝒆𝒀∗𝑺𝒊𝒛𝒆𝒁 

Considering the surface as a map, underlines the deterministic nature of our system. 

We can also note that once we have selected our surface, say ℳ𝑘, then the whole image 

of ℐ  through ℳ𝑘 is going to be a subset of 𝒮 like so: ℳ𝑘(ℐ) ⊂ 𝒮. One final preliminary 

thing to notice, is that the image of ℐ through a different surface, can very well overlap 

with ℳ𝑘(ℐ), suffice to think about a black input mapped to an inactive state by all 

surfaces. 

.Statistical input 
Without the need to force any noise yet, we can make 

some statistical thought exercises, by considering subsets 

of ℐ. Let’s say that after some simulation period we have 

fixed our ℳ𝑘, but this time we do not have just the input 

with which we run the simulation and had this particular 

surface evolve, but instead we take a whole set of inputs. 

Those inputs may be various grayscale intensities of the 

same input, or small boxes sweeping from left to right at 

different speeds or different angles or anything else. This 

however is also the situation in the brain, where small portions of net are expected to 

react equally or differently in various circumstances. Now one might say that our inputs 

are a small enough set and dare to calculate ℳ𝑘(𝒢) explicitly, but just for the sake of the 

argument, let’s imagine that the numbers are too big to calculate. Let 𝑃𝒢(𝑥, 𝑦, 𝑡) ≡ 𝑃𝒢 be 

the probability distribution of the pixels in the input and 𝑃ℳ𝑘(𝒢)(𝑥, 𝑦, 𝑧, 𝑡, 𝜗, 𝜑, ‖∙‖) ≡ 𝑃ℳ 

the probability distribution of the current dipoles of ℳ𝑘(𝒢). 

Question  10: Is now entropy a quantity that would make sense? Can 𝑺 = −𝑲∑𝑷𝓜 𝒍𝒐𝒈𝟐𝑷𝓜 

be invited among us? Does it mean anything useful? 

.Inserting system stochasticity 
Next step is to proceed in injecting some noise 

appositely. As shown in Figure 6-6, we can make ℳ𝑘 

depend on 𝜂 which will represent the noise added to 

various parameters of the model. Any parameter of the 

model can be disrupted and as a result, a wide image 

set ℳ𝑘(𝑖, 𝜂) can be produced from just one input (𝑖). The 

way this noise is applied may vary depending on the 

parameter that it affects and it can range from a simple FIGURE 6-6: INSERTING NOISE TO THE 

SURFACE MAP 

(ℐ)

ℳ𝑘 

(𝒮)

𝑖 
ℳ𝑘(𝑖) 

(ℳ)

ℳ𝑙 

ℳ𝑙(𝑖) 

ℳ𝑘(ℐ) 

FIGURE 6-4: SURFACES AS MAPS 

(ℐ)

ℳ𝑘 

(𝒮)

ℳ𝑘(𝒢) 

𝒢 

FIGURE 6-5: INPUT AS A STATISTICAL ENTITY 

(ℐ)

ℳ𝑘 

(𝒮)

ℳ𝑘(𝑖, 𝜂) 

𝑖 
𝜂 
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summation to a more complicated dependence. The type of the distribution of the noise 

can also vary, but to keep things simple, we can consider 

for now that only zero-mean Gaussians and uniform 

distributions are used. I want though to argue now that 

the choice of the distribution will not help in the coming 

calculations in any way. 

In order to set the stage, let’s consider just a zero-

mean uniform distribution with small enough variance is 

summed directly on 𝐶. One would promptly notice that 

there are various ways to add this noise, for example on 

individual neurons (middle), on total 𝐶 but on individual 

steps (top brown), on total 𝐶 but throughout the sequence 

(top green) or any weird combination. I want to try to 

see if other analogies with thermodynamics are possible 

at this point, that might help us with the analysis. For this 

reason, I will consider that the noise is provided by a 

“heat bath” on the whole sequence (top green) and that active neurons are free to share 

this energy giving rise to countable microstates. Now in my opinion entropy makes a little 

more sense, so we can bring the definition 

𝑆 = −𝐾∑𝑃𝐶𝑗 log2 𝑃𝐶𝑗 

where 𝑃𝐶𝑗 is the probability for the system to consume 𝐶𝑗 energy during the whole 

sequence. We would like to see if a definition of a partition function is possible, in order 

to take it from there, but that would mean that we have to be able to count the 

microstates of the system or equally find 𝑃𝐶𝑗. Normally at this point, we would argue that 

𝑃𝐶𝑗 =
Ω𝐵(𝐶−𝐶𝑗)

Ω𝐵(𝐶)
 where Ω𝐵 is the count of microstates in the “heat bath” and then we would 

use the definition of the entropy containing the count of the microstates (𝑆 = 𝑘 lnΩ(𝐶)) to 

proceed with the calculations and arrive at a partition function. The breaking point here is 

that in order for this formula of the entropy to be valid, the microstates of the system have 

to be equiprobable. In our case, the probability of a certain microstate to exist is heavily 

biased be the driving state ℳ𝑘(𝑖) so we cannot proceed the same way. I have appositely 

used a uniform noise to underline the fact that the distribution used will not interfere with 

the fundamental assumption that Boltzmann did for his ensembles (that is equiprobability 

of the microstates). 

Question  11: Could you offer an alternative approach? Can you give examples of ensembles 

where the Boltzmann assumption does not hold? What if we considered 𝑷(𝑪𝒋|𝓜𝒌(𝒊))? 

Would that help in any way? 

Let’s consider for a moment that we have solved this problem, and that we now know 

the form of 𝑃𝐶𝑗. Recall the definitions of enthalpy and free energy given earlier and 

consider them this time spread through the whole sequence like this:  

𝐻 = ∑𝐻𝑡 , 𝐴 = ∑𝐴𝑡 where 𝐻𝑡 and 𝐴𝑡 are defined for only one time step. If 𝑃𝐻𝑗 and 𝑃𝐴𝑗 

𝒸𝑖 𝒸𝑖𝜂 

-k/2 k/2 

𝑝𝜂 1/k 
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𝐶𝑡 𝐶𝑡 + 𝜂𝑡 
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are the probabilities to find the system with 𝐻𝑗 and 𝐴𝑗, enthalpy and free energy given 

that 𝐶𝑗 energy has been consumed: 

Question  12: I am tempted to think the following is true 𝑷𝑪𝒋=𝑷𝑯𝒋≠𝑷𝑨𝒋. Could you give your 

opinion?  

.Evolutional analogies 
Now I would like to explore a different view, not only for mnesic surfaces, but for 

every model that is sculpted by a genetic algorithm. The basic idea is that one can forget 

for a moment that the populations in the genetic algorithms are made of distinct 

individuals. If we concentrate on the most performant individual of every generation and 

consider it to be the same object, then we would be looking at an individual evolving and 

self-organizing into something of higher order. Let’s call him Bob. 

Self-organizing systems do not have an official definition, but in literature, some 

characteristics seem to be recurrently required. Those are a) Increase in order, b) 

Autonomy, c) Robustness and d) being dynamic that is non-equilibrium. Bob in every 

genetic algorithm seems to have all these characteristics: a) with the right score function he 

increases in order, b) there is no external force or grand plan, c) if we introduce impurities 

in his genetic code he will eventually remove them and d) he is obviously not in 

equilibrium. 

Question  13: Please correct me if i am wrong, but i have never crossed in literature any similar 
attempt to consider Bob or any part of a generation as a self-organized system. Could you 
provide some references in case I am wrong? Do you disagree with the concept in any way? 

At this point, I would like to make some 

observations about the solutions that we 

might get under this new light and for that 

we will be using the surfaces space (ℳ 

see Figure 6-4).  

In such a scenario, Bob will be a moving 

point in that space, starting from random 

(initial conditions?) coordinates ℳ𝑘. 

Intuitively we can assert that Bob on every 

step of the evolution, could evolve in a different way and each time he could have 

followed a different path. This is depicted in Figure 6-8 like a cloud of paths containing 

actual Bob. Moreover, if the most performant individual of the first step was a different 

one (say ℳ𝑙), Bob’s path and the cloud containing him would be different. We can stretch 

this a little more and imagine what would happen if we made a simulation of N steps for 

each point of ℳ, N being a big enough number that would let all simulations arrive to a 

“halt”. We should expect the emergence of regions is space where the solutions would 

accumulate. There is no reason to believe that these attractors would be unique and/or 

connected given that the input would be crucial in the evolution. In genetic algorithms 

theory, this fact is exploited by introduction of independent islands, which are nothing 

more than multiple populations run with different initial conditions that are expected to 

develop different traits. After a certain number of generations, islands are merged and 

ℳ𝑘 

(ℳ)

ℳ𝑙 

Bob 

Bob’s brother 

Bob’s family 

after N evolution 

steps 

FIGURE 6-8: BOB AND HIS FAMILY 
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new super populations with traits from both islands are created. The disconnected nature 

of Bob’s family can also explain why some simulation results are not easily reproducible 

like those shown in section 5.VII.  

In the whole space ℳ, there is certainly a point with 

maximum score (ℳ∗). We want to make our Bob tend 

there, or at least make a couple of hypotheses of why it is 

hard. This problem is very similar to the one that is 

affronted when we try to train neural networks where we 

have there too a multidimensional space in which we are 

trying to minimize the loss function. That function will have 

many local minima where our optimization algorithm might 

get stuck. The distance that the algorithm will go during a 

step is determined by the learning rate. The same can be 

said for the MutationStrength parameter of our case. If we 

consider the space ℳ having as many dimensions as the 

mutable parameters of the surface, then the MutationStrength determines the amount of 

dimensions that the individuals of the next generation will have modified. Neural networks 

have had much more attention and success than genetic algorithms, but it might prove to 

be a very good opportunity to transfer the insights of ANNs to GAs. As I note in the next 

chapter, this transfer of knowledge is planned for a next versions of the application. 

 

IV.Neuroscience 
 

I will repeat here that the mnesic surface does not want to model the brain, but instead 

it is just an object inspired by the brain. Furthermore, it tries to reproduce aspects of the 

EM fields, which from my point of view are underestimated. Usually fields in the brain are 

treated as a byproduct and considered just an indicator of activity which I find slightly 

unfair. In this section, I am asking from those closer to neuroscience to give their insight and 

contribute in any possible exchanges between the two worlds.  

In chapter 5 for example, through the basic findings I presented, is shown that in order 

to have self-organizing behavior, the fields alone suffice. As you will see in the last 

section, I am in no way underappreciating the role of information processing in the 

production of self-organization, I just suggest that any available mean contributing in 

complexity should be exploited. Obviously, the examples I presented earlier are not 

groundbreaking and one should expect something fancier in order to get intrigued. 

Question  14: Are there any patterns observed in the brain that you would like to see 
reproduced by a mnesic surface? Do you have any suggestions on how i could replicate 
those patterns? 

Earlier, while I was defining work, I explained how I suppose that the current dipoles 

should be actually affected by the field already present, and how that field should induce 

an additional current on the dipole. This approach might seem a little simplistic compared 

FIGURE 6-9: EFFECTS OF MUTATION 
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to what is happening in reality, but on the other hand, what is happening in reality is too 

complex to be described in a simulation. Angles, frequencies, intensities and electrical 

properties of the cells involved have to be taken into consideration, but in the end what 

matters is the statistical average of the fields and the action potentials induced.  

Question  15: I suppose that these effects (extracellular excitation, ephaptic coupling etc.) are 
heavily dumped by myelin sheath. Are field effects concentrated on grey matter as i 
suspect? What percentages of external field energy is actually becoming action potential 
disturbance?  

Question  16: Do you feel that there are areas in the brain where neurons are arranged in a way 
to encourage such energy exchanges? Do you think modifications in the model should be 
done in order to better represent these effects? 

Taking this thought one step further, one would wonder 

whether this mechanism affects areas that initially where not 

meant to be related. In Figure 6-10 for example, when we 

take the sulci of the cerebral cortex in consideration, one 

might think that opposite areas (B) might have activity 

correlations even if not neurologically connected. 

Question  17: Is this true? Are there any studies showing that opposite areas touching in a sulcus 
like those in (B) have any activity correlation due to field energy exchanges? 

Another aspect where I feel that neuroscience might be slightly disregarding the effects 

of electromagnetism is in the cell movements, being cell migration, axon guidance or local 

rewiring, especially when it concerns reinforcement. Obviously, the main mechanism has to 

be that of concentration gradients but those may not be the only forces available in a 

brain and arguably the strongest. I would like to describe a mechanism that for someone 

with a background in electronics -like myself- is hard to overlook. In Figure 6-11, are 

depicted the equipotential contour lines of an electric field 

and a worm-like object that will play the role of the axon 

of a neuron for us (please don’t mind my drawing skills). 

The discussion about the field is a little tricky, because we 

do not expect it to be stable in time and even if we 

consider the time-averaged version of the field, no one 

assures us that in that area the field will preserve its 

shape, as every area will react diversely on diverse 

inputs. Therefore, we will assume that an area of the brain 

will contain a finite number of time-averaged fields with 

certain probabilities for each configuration to appear. 

There have to be areas where a field configuration is 

statistically predominant, or that most of the configurations are very similar in shape, so 

for the sake of the argument let’s concentrate on those.  

Question  18: Do you think this is a too audacious assumption to make? Is it not true that different 
activation states of a brain area generate their distinct field “fingerprint”? 

FIGURE 6-10: GYRI AND SULCI 
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The idea is that ions in and out of the cell will feel forces proportional to the gradient 

of the field, where negative will be directed towards the potential maximum and positive 

ions away. We will consider forces of the external positive ions to be irrelevant and we 

will focus on those inside the membrane that in time-average will have higher 

concentration of negative ones. This means that depending on the shape of the field and 

the amount of potential peaks in the vicinity, we can have the axon to slide directly into a 

peak, stretch between two or take any shape that will help the cell to reduce its potential 

energy.  

Question  19: Why would such an effect be negligible? Are there areas in the brain where cell 
movements are not explained by concentration gradients and other mechanisms might need 
to be considered? 

 

V.The 4th law of thermodynamics 
 

At the end of paragraph 6.II, where I was explaining how I chose the score function, I 

also said at the end that there is a deeper reason to choose 𝑆 = 𝐸/𝐶. In this chapter I 

hope it will become more clear why that or 𝑆 = 𝑊/𝐶 are fundamental score functions and 

why the whole energetic analysis is so important to this project. 

It all starts when we observe that there is a series of phenomena, which cannot be 

predicted or described by the three laws of thermodynamics. The creation of vortices in 

fluids or instabilities like the Ryleigh-Taylor, the formation of the planets, the spontaneous 

lipid bilayer formation, even the appearance of self-replicating molecules and the 

formation of every dissipative system (as we learn later on) in complex systems, cannot be 

described by the second law. Indeed, the second law focuses on the systems in their 

equilibrium, and describes very well what happens at the starting and final state of a 

process, but says nothing about the intermediate phase of transition. If you think about it, 

is that phase where the most interesting things happen and actually, is the phase that 

really lets “stuff” happen. In that sense, the law that would describe these transition 

phases for every system will also be the most important. Thing is, is also the most difficult 

to define. This law is so difficult to define that for many years scientists were acting like 

there was nothing missing. Fortunately as the years passed and the second law was 

showing its limits the attitude changed and we can say that in the last three-four decades 

there have been some serious developments. 

My intention is not to make a historical review, but to apply some of the findings in our 

case. The first version of the law comes (as usually) in various flavors and without further 

delays, I present one version described by Sven Jorgensen and named 4th law: 

“If a system is moved away from thermodynamic equilibrium by application of a flow of 

exergy, it will utilize all avenues available, to build up as much dissipative structure (store as 

much exergy) as possible.” 

The interesting thing to us is that this version focuses on the ordered part of the system 

(dissipative structure) and we happen to have a well-defined exergy for the mnesic 
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surface which is our free energy (𝐴) defined earlier. This law tells us that we can really 

use 𝑆 = 𝐴/𝐶 as a score function that for computational reasons we simplified in 𝑆 = 𝐸/𝐶. 

Trouble is that this law as every attempt to define a 4th law has not a thorough proof.  

Another version of the law is defined by Rod Swenson and colleagues and named: 

”Law of Maximum Entropy Production (LMEP)” and it goes like this: 

“A system will select the path or assemblage of paths out of available paths that minimizes 

the potential or maximizes the entropy at the fastest rate given the constraints.” 

This law is not to be confused with the “principle of minimum entropy production” which 

is not in contradiction as it describes a different situation. This version is also a very 

interesting statement, but apart from the fact that this, also, does not have a proof, it 

focuses on the entropy.  

Question  20: Can we say that the previous two definitions (Jorgensen’s and Swenson’s) are 
equivalent? 

In the future, I plan to consider the current dipoles to be ideal (currently is all dissipated 

with no heat generated) and as such, the energy provided to the system (𝐶) will either be 

stored in the dissipative structure of the field, or it will increase the entropy with photons 

flying away from the system. If there were no constrains, then all the energy provided to 

the system would become photons, but given that our field pattern is heavily dependent 

on the various characteristics of the neurons (endurance, refractory period, etc.) is not 

guaranteed that this will happen, and our system will use all the energy available to 

succeed in its goal. Recalling the definition of work (𝑊) that we gave earlier, is mostly 

probable that the system will try to find paths and transient states that take advantage of 

every possible effect. 𝑊 Included. Of course, this is not a proof and is also based on laws 

that are not yet proven. I actually would like to note that I do not recommend that in these 

laws there is a hint for maximizing 𝑊, I just say that making it different than zero might be 

useful in certain cases, as I will argue in the next paragraph. 

There is a lot of work yet to be done until we have a definite 4th law of 

thermodynamics but it does not mean we cannot take advantage of the findings until now. 

Even if there is no universal proof, we can try to find empirical evidence for each system 

under examination separately. I believe this should not be considered a blocking point as 

embracing the study of transient states in thermodynamics will unlock a completely new 

view to the world. 

Question  21: Speaking of empirical evidence, to my knowledge the most promising technique in 
neuroscience is electrocorticography. Is this true? are there better techniques that can detect 
field dissipative structures in the brain? How far are we from success? 

Question  22: Would you like to share your thought about the time symmetricity of dissipative 
systems? 

Question  23: Please feel free to add any thoughts and comments about this whole paragraph. I 
would love to have your feedback. 
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VI.Emergence of the mind 
 

What is the physical essence of conscience is definitely one of the biggest questions of 

humankind. What is conscience? What is self? How can me not be you? Or is it? Not only i 

do not have any answers to those questions, but I also think that those questions are not the 

next in line. Truth is we lack a lot of knowledge that needs to be gained first. In this last 

section I will try to explain which in my opinion are the next questions to ask while trying to 

keep my argumentations as commonly sensible as possible. 

We do have a solid starting point and that is intelligence. We will all agree that 

artificial intelligence is like a bad joke in comparison to human’s intelligence, but what 

about that of a cockroach? That might not seem like much, but not due to a limit of our 

understanding of intelligence. What we can theoretically do today with intelligence, is 

quite extraordinary. We could take a small piece of brain tissue and describe it to its 

slightest detail. We could take note of all the synapses, the exact number of ion canals 

opening and closing, their timings, neurotransmitter’s speeds and anything that a 

neuroscientist could come up with. All this information can be perfectly reproduced in 

artificial neural networks (ANNs) and if the tissue under examination seems too 

complicated we can divide it even further and at the end we will be connecting all those 

ANNs between them. Truth is we don’t even need ANNs to do this, we can do it with 

springs and gears or with the dear to everybody Turing’s machine. What we lack is the 

capacity to describe in such detail a whole brain and the processing power. Theoretically, 

we do know what intelligence is and there is no magical vail covering any part of it. I 

would like to notice to the reader that memory is included in intelligence. If we were to 

make such a copy of a brain into a robot and we started making questions, first, it would 

understand language and it would be able to reply, but it would be also able to recall 

memories from its childhood. We would be able to make conversations with it, ask it to do 

math and even make judgments. What it would not be able to do would be to experience 

qualia. It would not be able to see us, hear us or feel sorry for us. We would still be using 

the nerve from the cochlea to communicate to it, but information would just be processed 

without generating any sounds and pitches. It would be an emotionless object, mimicking 

the actions and reactions of the individual from which it was copied. 

You must have guessed by now that I propose that qualia are generated by 

electromagnetic field dissipative structures. I suppose this, because they are what remains 

of a brain when you strip it from its intelligence, that is its material network. So the way I 

understand it is that before we arrive to understand consciousness and the illusion or not of 

a self, we have to understand qualia. Indeed, what makes qualia distinct but a 

prerequisite for consciousness is that qualia may exist without the support of intelligence 

(as they do in a mnesic surface) but consciousness cannot. As I try to depict in Figure 6-12, 

we can have a self only if we can get intelligence to contemplate its qualia and for 

contemplation, memory is needed. In our case, a mechanism that would permit for 

intelligence and qualia to interact would be through work (𝑊). As I noted in the previous 

paragraph, I do not expect work to be maximized, but just to be present in areas where 

conscience is present and during conscious acts while it should be zero in places where 

conscience does not exist and during subconscious acts like sleeping or instinctive decisions. 
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Recognizing qualia as a building block of conscience, 

reduces the complexity of the problem and helps focus on 

one part of it. Whether there are more building blocks 

needed or not would not very much matter until we clarify 

what qualia are. But even so, we still have a pretty hard 

problem to solve and mainly because we cannot measure, 

detect, recognize or describe qualia. This is known as the 

hard problem or the explanatory gap and people are still 

fighting whether is solvable or not. We can do the next 

best thing of solving the hard problem and that is bypass 

it.  

I will describe a simple (god know how simple) method 

that will give us an insight on how to make artificial qualia. 

We start with copying the intelligence from a person like we did earlier and recreate it 

with any system we like (ANNs, Turing’s machine or other). We will choose a quale i.e. 

“red” and while we act on the system we ask it whether is sees “red”. The system deriving 

from a person who has had the experience and thus memory of “red” will be able to 

recognize it when it sees it and reply positively. Every scientist with a theory will be able 

to act on the system in any way he sees fit and ask the question “do you now see red?”. 

The type of action that we can take is to try and very carefully modify some weights of 

the ANNs in order to mirror exactly the effect that “red” would have on the brain. If the 

system replies negatively, the experiment is inconclusive, while if the system replies 

positively we know that our theory is certainly right. We cannot be certain that the system 

really saw “red” or we just fooled it into thinking it saw it as this is again impossible due to 

the explanatory gap, but we can be sure that the part of our theory that made us define 

those precise weight modifications is right. I belong to those who believe that qualia do 

have fundamental physics origin and that quantum mechanics must be in the center. This 

means that a quale has to have a shape and take up volume. In my opinion ANNs will 

never see “red”, but might think to have seen it and what is truly needed is a structure that 

can perceive “red” in space and be intelligent at the same time. Like a brain, but with 

better materials and finer structure maybe? 

And we come to the point where you ask “…and what is the physical essence of 

qualia?” and I reply “I have no idea!”. But what I know for certain is that we are entering 

in a new scientific era where tools like complexity, the 4th law and emergence will be at 

the center of our researches. I found it so exciting when I first read about Verlinde’s 

entropic gravity and not because of its validity that is to be proven or its elegance. It is 

the fact that to my knowledge is the first time that emergence is used to describe such an 

important effect and shows what an important tool can become. Do not forget that 

emergence is the only tool we have that lets us create higher-level qualities from 

uncorrelated lower components and qualia really are qualities that seem to appear out of 

thin air. So what I believe is that qualia are an emergent property of quantum mechanics 

and that we do not need to seek the quantum effects onto the tissue, but through it. 

Whether qualia are field dissipative structures or not I do not know, but I think that such 
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structures whether they are standing waves as some suggest, fractals or simple patterns, 

do exist and we should make some efforts to study them. 

Question  24: I have not a real question, just use this reference to comment anything on this 
section. I will be glad to receive your feedback. 
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7.Future work 
 

I hope you did not read this far just to arrive at the conclusion that this project is over. 

This is just the first step that allows me to present my ideas to the public and have a base 

on which to ask for feedback. There is a wide range of possible areas of development 

and in this chapter, I will just cite what I think is important in the form of lists. 

 

I.Application enhancements 
 

 Visual Enhancements. Give to the user a better experience and more tools for 

intuitive analysis. Those may comprise the ability to slice the surface in order to 

zoom into the neurons of interest or to show some characteristics of the neurons 

directly on them when zoomed enough on them. 

 More Scores. Increase the flexibility of the score builder. Add more possible 

components, permit exponentiation and average windows. 

 More Plots. Develop new plot types like frequency analyzers and work plots. 

 Implement Work. In section 6.I work has been defined, but it is not yet 

implemented. This is the easiest of the quantities in that section to implement, so 

is added in the pipeline. 

 Power laws. Include the capability to search for power laws. 

 Pattern recognition. Add pattern recognition capabilities. Find implementable 

fractal recognition algorithms may seem impossible, but evaluating the fractal 

dimension of the field might be feasible. Ideally use them in the score, but 

obviously this would probably be too computationally demanding. 

 Better genetics. Add more advanced genetics like island definition, migration 

and annealing. Explore the possibility of bringing neural network optimizations 

in the Genetic algorithm. 

 Keyframes. Editable Keyframes for the score definition, genetic and surface 

parameters. 

 Scaling. Support for multiple SLI GPUs? HLS implementation in FPGAs? That 

would be nice…  

 

II.Model development 
 

 Progressive granularity. Let the surface change its granularity during 

simulation. That is give the ability to the surface to start with NxNxN size and 

finish with 2Nx2Nx2N in order to speed up the first part of the simulation. 

 Tree structure. Instead of a simple 3D lattice, we could have a 3D tree 

structure, where surfaces of higher size are overlapped with surfaces of smaller 



38 
 

size and they interfere. This would help both in performance and fractal 

investigation. 

 Crystal structure. Define various neuron types with different kinds of 

parameters and let them arrange in random or crystal-like structures. 

 Input expansion. Ability to provide input stimuli to every face of the surface. 

 Noise. Permit the injection of noise on various levels and parameters. 

 Remove current resistance. In all energy analysis done in the previous chapter, 

I have considered that 𝐶𝑡 is energy that has to be provided to the system as if 

𝐶𝑡−1 was all consumed on an imaginary resistance of the dipole (without heat 

generation). What if the dipole was considered to be ideal and 𝐶𝑡 was just the 

difference in consumed energy?  

 Finer timing Scale. If for some reason we wanted to simulate true field 

frequencies, we would have to increase the surface size and the refraction 

periods and keep small endurances. This is already possible, but maybe some 

enhancements would be needed. 

 

III.Theories development 
 

 Energy and work. Better energy and work analysis. 

 Statistics. Work on the statistical analysis of every aspect described in section 

6.III. 

 Axon driving. Examine the possibility that axons in brain might be affected by 

EM fields. Support with simulations. Extend in the formation of bigger structures. 

 Your suggestions. 


