=) SELINUS UNIVERSITY

OF SCIENCES AND LITERATURE

ARTIFICIAL INTELLIGENCE WITH CHARGE
TRANSFER IN DEEP BRAIN STIMULATION:
NEW APPROACHES BASED ON Al/ML, LLM,
GENERATIVE Al, AND CYBERSECURITY IN THE
DIAGNOSIS AND TREATMENT OF BRAIN
DISEASE

By Agnieszka Maria Mietz-Blijleven

A DISSERTATION

Presented to the Department of
Artificial Intelligence
program at Selinus University

Faculty of Computer Science
in fulfillment of the requirements
for the degree of Doctor of Philosophy
in Artificial Intelligence

2025

1|Page



Declaration

I hereby confirm that I am the sole author of this dissertation, and its content is solely the result
of my readings, study and research.

I declare that this dissertation entitled “ARTIFICIAL INTELLIGENCE WITH CHARGE
TRANSFER IN DEEP BRAIN STIMULATION: NEW APPROACHES BASED ON
AI/ML, LLM, GENERATIVE AI, AND CYBERSECURITY IN THE DIAGNOSIS AND
TREATMENT OF BRAIN DISEASE”, is entirely my own work and has not been submitted
for any other degree or qualification at this or any other institution.

All references and sources of information in this study used have been appropriately
acknowledged.

Agnieszka Maria Mietz-Blijleven
FINAL THESIS - UNISE0873EG

2|Page



Table of Contents
AADSTIACT ..ttt ettt ettt ettt ettt e e e e e eneeee e ennennnnnnnnennnnnnnne 8

TOETOAUCTION e e e e e e e e e e e e e e e e e e e e e eeea e aaeeeeeeeeaeeaaaeaaaeaaes 12

Chapter 1: Introduction, including the background, problem statement, objectives, research

questions, sigNIficance, AN SCOPE. ......cuieririiiriiieeiiieeeteeesteeesteeesreeesrreessaeessteeesseeesseeessseeenns 15
Background of the StUAY ......ccocuviiiiieeeeee e e 15
Solution and ArchiteCture OVEIVIEW .........ccvevuieiiirienieeienierieete ettt sttt s e e 16
Problem StAtEMENT .......cc.eiiiriieiieiesiiete ettt ettt ettt s sa ettt eaee 17

Graphene Diodes Embedded in the Brain Cortex for Monitoring Cerebral Blood Flow and

Neurological StMUIALION .......c.coiviiiiiiiiiieiieeie et ere e e b e seaesbeessaeenseenens 20
Data Measurement and Analysis Using AI, LLM, and ML.........c.ccocoviiiininiiiinniicnee 20
ODbjectiVes Of PhD ThESIS ..cc.ueruiiriiiiiiieiieieeterieetceee ettt sttt 23
RESCATCH QUESTIONS ...ttt ettt ettt e ettt e et e e st e enbeesseeenseas 24
Brain stroke and migraine with aura - common points and root causes of occurrence............ 24

How do brain strokes and migraines with aura occur in infants and seniors, and under what

CLICUIMISTATICES? «.eeeeeeeeeee e e e et e e e e e et et eeeeeeeeeeaa e aeseeeeeaeaanaaaeseeesanaannnaaeseeesennnnnnaaesaaeaans 25

How can we optimize the treatment of brain strokes in seniors by comparing the
pathophysiology of strokes in infants and migraines with aura, utilizing advanced techniques

such as charge transfer, deep brain stimulation (DBS), artificial intelligence (Al), machine

learning (ML), large language models (LLM), and the Vojta method?.............cccccevenerinnnnen. 27
The significance of PhD thesis.........ccciiiiiiiiiiiiiiiieiectee e 29
SCOPE OF PRI TRESIS ...ceueieiiieiiieiie ettt ettt ettt st e ae e et e e sneeenseesneaens 31

3|Page



1. Integration of Advanced Technologies ..........ccceecvieviiriieniieniieieciceieee e 31

2. Innovative Use of Graphene DIodes ..........ccceeevieieiiieeiiieeieeeie e 31
3. Focus on Charge Transfer TranSitions ..........ccccveeeeeeeeeciieeniiieeeiieeeiee e eeevee e 31
4. Personal conclusions on statement of a problem and Observational Insights...... 32
5.A/ML/LLM mechanism of DBS with graphene diodes with charge transfer ..... 32
6. Development of a Centralized Healthcare System............cccoecvveviieniiiiiiienieeienne, 33
7. Potential for Broad AppliCationsS..........ccccueeeuieriieciieniieeiiienieeieeseeeveeeeee e e 33

Chapter 2: Literature Review, covering existing research on Al, ML, DBS, the Vojta method,

charge transfer transitions, graphene applications, and migraine treatment. ...............cccuee...... 34

Chapter 3: Methodology, detailing the research design, data collection, and analysis methods.

StAtEMENT OF the PIODIEIM ...t e e e et e e e e e e e e e eeeeeaaaeeeeeeeeeanaaas 39

Deep Brain Stimulation with Al/genAI/ML/LLM/Charge transfer/Vojta Method. Graphene

diode — nanotechnology - Approach, outlining the framework for research design, techniques

for gathering data, and strategies for analysis. ........ccccceiiriiiieiiieeriieeee e 41
NEURAL MASS MODEL With R....oooiiiiiiiiiieeeeeeeeee e 47
Integration of Al, ML and Advanced Algorithms..........ccccoceviiiiniiniininicnienene. 48
Vojta Method INte@ration ...........c.eevieiiiiiiiiiiieiieee e s 49

Charge Transfer in Deep Brain Stimulation Science and Nanotechnology Diodes. 49

Graphene and Graphene Diodes in Enhancing Deep Brain Stimulation and

Neuromodulation TEChNIQUES .......cccvieeiiiiiiiie e e ree e e e seree e 50

4|Page



The Mechanism of Charge Transfer in Physics, Including Conduction and Induction, can be

related to the Occurrence of Strokes and Migraines with Aura Through Several Key Aspects

.................................................................................................................................................. 60
AI/ML Integration in Electrode Desi@n ..........cccueeeiiiieiiieeiie e 61
Neurological REhabilitation ...........cccuiieiiiiiiiiicieecee et e reeesenee s 63
Migraine With aura treatmeNt ............cccuveeeiuieeriiie e eeiee et e e rte e e e e e e steeestaeeeteeesseeessseeessseeenns 63
Recovery of Preterm Infants and Seniors..........ccocveeiiiiiiiiiieiieciececcie e 64
Graphene diodes fOr DBS .......oouiiiiiiiiiee ettt et 65

The Vojta Method in Nervous System Rehabilitation: The Vojta method is a neurological
rehabilitation technique that involves stimulating specific points on the patient's body to
evoke proper movement patterns. It is particularly effective in infants and children with

central Nervous SYSteM dAMAZE. .......eevieruieieiieiiiieieeiie et e etee et eseeeteesteeebeeseaesbeesseeesseensneenseas 66

How Retrieval-Augmented Generation (RAG) Enables LLMs to Utilize The Data Sources

WithoUt TTAININE? ...oviiiiiiiiiieeet ettt ettt ettt et sb et sbeete i 77
RAG — data retrieval with DB and cybersecurity .........cccceevuerirreniineenenienieieeieeeeeeieniene 80
Nanotechnology for Non-Invasive MONItOTING.......c..ceecuereriiieeriiieeieeereee e e svee e 88
Chapter 4: Results, presenting the findings of the study.........cccoeoevieeiiieiiiiiiiies 90

Artificial Intelligence with platform of services — Azure Al, Azure Open Al, Azure

Databricks, Azure Al Foundry, Azure Fabric, Machine Learning, Deep Learning of DBS.... 90

Regulatory & Compliance, responsible Al .........ccccoeiiiiiiiiiieiieeiieie e 94
Cybersecurity in Deep Brain StImulation ............cccocceeviiiniiiiieniieiieee et 96
Application with neural network integrated with Graphene diodes............cccccoervirienenicnnen. 98

5|Page



Optimizing Deep Learning Models Using Azure Databricks ..........ccccoceevevviinienernieneenennne. 117

INEEOAUCHION ..t 117
Experimentation and RESUILS .........cceierieririeninieeeeeeeese e 118
Patient FEATUIES ...eoveeieieriieiie ittt ettt st sttt e s bt e s ae e sate st e ebeebeesbeesaeesaneeanean 118
Deep Learning Model Traifing ........ceevereerreerriienieerieesee sttt ettt sttt e e sree s eanees 118
Horovod for Distributed TTailing .....cccceeeerieeriieiierieeneeiee ettt 118
ConCIUSION OF TESEATCRES .....euviieiiieeieertie ettt ettt et e be e sbeesaeesaee e 118

Chapter 5: Discussion, interpreting the results in the context of the research questions and

OB JECEIVES . 1 .tieiieeiiieeiie et ettt ettt ettt e e e et e e beesebeesbeeeabe e bt e esbeesbeeesbeenbeentbeenbeensbeenseensaeenneennes 143
Results explanation with Azure AT FOUNAry.........ccooovieiiiiiiiniiiiiececcieeeeee e 143
Graphene Diodes and Charge Transfer MechaniSms...........cccoocvevirviinieneniinieneneneeeeees 144

Mechanism with LLM, Generative Al, AI/ML, and MASS Model with R and Julia for

MaChing LEArNING .........ooiiiiiiiiiieiiee ettt ettt ettt e et e st eebeesaeeenneeeeee 145

Specific Examples of Generative Al Applications in Azure Al Foundry for Deep Brain

STMUIATION ...ttt sttt et 145
Example 1: Predictive Modelling with Charge Transfer........c.cccovvverieriiiriiinsenneeneeneenee e 145
Example 2: Real-time Monitoring and Adjustment ...........cecueereereeiieneinieeeieeeeee e 146
Example 3: Personalized Treatment P1ans ..........cccoceeiiiiiiiiiiiiiiniiiiesecc et 147
AZUTE OPEN AL SEIVICES..cviiiiiiiiiieiiitiieete et st e e s 147
Example 4: Fine-tuning Language Models for Medical Applications ..........ccccceceeeeneneeneennennne. 151
Example 5: Responsible Implementation and Evaluation..........ccocceveeerverciinsiensieeneeneeneeneesnenn 155

Initiating Charge Transfer through Graphene Diodes and Its Effects on Muscle Tension Relief

and Brain Stimulation....... 166Chapter 6: Conclusion and Recommendations, summarizing the
study and suggesting future research dir€Ctions. ..........cceecueerieriiienieiiienieeeee e 171
Potential for Advanced APPIICAtIONS ........c.eeeriuieiriiieiiie et sree e eaee e eeaee s 171
Data Collection from Graphene DIodes ..........cceeviiiiiiiiieiiieeiiieeieeceeeee e 183

6|Page



Neural Networks for Data ProCeSSING .......c.cecvieeiieriieiiieiieeieerie ettt sene e 183
Integration with AI/ML and CyberSeCUIity.........cccuvieriiiieiiieeiiieecieeeeeeeeeeeeeesveeeeree e 185

Cybersecurity, observability and monitoring solution for central patient monitoring health

application and nanotechnology diodes and future solutions of equipment on multi-platform

L PRSPPI 185
NEXtRINK CaPabilitis .. .eeievieiriierieriiiieniee ettt et eesre e st e e saeesteessbeeesbeesbeeesseeesseesssseessseesnseesssseens 185
Integration with Healthcare APpliCationsS.........cocuerueeiiriieiienie ettt 185
Al and Charge Transfer in DBS .......cooioiiieee et s 186
Future Solutions and Multi-Platform Integration ..........ccccceeeverirsieneneeseneeeeseseesesee e e 186
How to enrol solutions on multi-platforms and integration with other apps?.........c.cccoeuen. 197
Regulatory and Ethical Considerations ...........cccueeevierieeiiienieeiiienieeieesteeieeseeeereesveeseesaneens 200
ClNIcal VAlIdAtion ........cooueiiiiiiiiiiieieee ettt sttt ettt st e b enees 201

Recommendations from PhD Thesis: Artificial Intelligence with Charge Transfer in Deep

BIrain SHIMULATION .ceeeeeeeeee et e e e e e e e e e e e e aaaeeeeeeeeeaaaaaeaeeeeeeaaaaaaaeaens 203

Graphene-Based Nasal Electrodes for Neural Stimulation and Diagnostic Monitoring

Enhanced by Al and Nanotechnology.........ccccocueriiriiiiiniiniiiiiccctceeeee e 205
RETETEICES ...ttt sttt sttt eaees 208
List of tables and fIGUIES ........ccuiiiiiiiiiiiece ettt s 212

T7|Page



Abstract

This PhD Thesis represents the intellectual property of the Author and is subject to patent

protection. Consequently, not all code functionalities are disclosed herein.
All rights reserved. Any further transformation or copying is strictly prohibited.

I do hereby attest that I am the sole author of this project/thesis, the sole idea maker and

that its contents are only the result of the readings and research I have done.

Artificial Intelligence in Healthcare: Deep Brain Stimulation and Data Collection with

Graphene Diodes

Artificial Intelligence (Al) is revolutionizing healthcare in numerous ways, enhancing both
patient care and the efficiency of medical processes. Al algorithms are being used to analyze
medical images such as X-rays, CT scans, and MRIs, detecting abnormalities and diagnosing
conditions with high accuracy, sometimes even surpassing human radiologists. This helps in
the early detection and treatment of diseases like cancer or brain disorders. Al can analyze vast
amounts of patient data to predict disease outbreaks, patient admissions, and even individual
health risks, allowing for proactive healthcare measures, improving patient outcomes, and
reducing healthcare costs. By analyzing genetic information and other personal health data, Al
can help create personalized treatment plans tailored to individual patients, increasing the
effectiveness of treatments and minimizing side effects. Al accelerates the drug discovery
process by predicting how different compounds will interact with targets in the body,
significantly reducing the time and cost involved in bringing new drugs to market. Al-powered
robotic systems assist surgeons in performing complex procedures with greater precision and
control, reducing the risk of complications and improving recovery times for patients. Al-driven
chatbots and virtual assistants provide patients with medical information, reminders for
medication, and even mental health support, enhancing patient engagement and ensuring
continuous care outside of traditional clinical settings. Al helps streamline administrative tasks
such as scheduling, billing, and managing patient records, reducing the burden on healthcare
staff and allowing them to focus more on patient care. Al is also used to analyze large datasets
from clinical trials and medical research, identifying patterns and insights that can lead to new

medical discoveries and innovations. The integration of Al in healthcare is still evolving, but
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its potential to transform the industry is immense. As Al technologies continue to advance, we
can expect even more innovative solutions that will further improve patient care and healthcare

delivery.
Deep Brain Stimulation and Data Collection with Graphene Diodes

Deep Brain Stimulation (DBS) is a neurosurgical procedure that involves the implantation of
electrodes within certain areas of the brain. These electrodes produce electrical impulses that
regulate abnormal impulses or affect certain cells and chemicals within the brain. The
integration of graphene diodes in DBS is particularly promising due to their exceptional
electrical conductivity and biocompatibility, which can potentially improve the efficacy of DBS

treatments.

Graphene diodes provide real-time measurements of neural activity due to their exceptional
electrical conductivity and biocompatibility. These measurements can be used to create
comprehensive datasets that capture the dynamic changes in brain activity and symptoms. By
incorporating this data into the training process, Al models can learn to predict and respond to

changes in neural activity, enhancing the precision and efficacy of DBS treatments.

Al and Machine Learning (ML) algorithms can continuously monitor patient responses to
treatment, adjusting the stimulation parameters in real-time to maximize efficacy. Large
Language Models (LLMs) can be used to analyze patient data and generate personalized
treatment plans. Generative Al can simulate various treatment scenarios and predict outcomes

based on different stimulation patterns.

The utilization of graphene diodes in this context is particularly promising due to their
exceptional electrical conductivity and biocompatibility, which can potentially improve the
efficacy of DBS treatments. Furthermore, neural mass models serve as effective surrogates for
electrophysiological signals in brain simulations, providing a robust framework for
understanding and predicting neural dynamics. The incorporation of bifurcation analysis is
crucial in this regard, as it facilitates the exploration of non-linear systems and aids in the design

and optimization of brain stimulation regimes.

The integration of advanced technologies such as artificial intelligence (Al), machine learning

(ML), large language models (LLM), and generative Al in healthcare applications presents a
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transformative approach to cybersecurity, observability, and monitoring in deep brain
stimulation and recovery from brain diseases. This thesis explores the development and
commercial application of selected AI/ML models and software development in central patient
monitoring health applications and nanotechnology graphene diodes, with a focus on Al-driven
charge transfer mechanisms in deep brain stimulation (DBS) for the diagnosis and treatment of

brain diseases.
Rehabilitation and Vojta Methods

The rehabilitation of premature infants and the application of Vojta methods enabled the full
recovery of my twin children from early-born brain strokes and intracranial hemorrhages. The
trauma experienced by parents of premature infants, who initially hear about diseases typically
associated with older individuals, is profound. The diagnoses of my children, tragic in the initial
information, motivated us as parents to seek holistic methods of treating brain strokes and
hemorrhages, culminating in strokes, based on observations of treatment methods, years of
rehabilitation including the Vojta method, and years of consistent analysis of advanced
algorithms combined with Al, LLM, and safe methods. This consistent search for answers led
me to question how the treatment and recovery process can be scientifically predicted and based
on facts. How can the stimulation of the nervous system, such as the Vojta method, influence
brain recovery and consequently other organs and senses connected to the central nervous
system? How do premature infants experience so-called "elderly diseases," which theoretically
only occur exclusively in seniors? How can the metabolic processes, including the
transformation of matter and energy in young individuals, be mirrored in the treatment
processes of older individuals struggling with neurological diseases such as brain strokes or
migraines with aura? How can seniors undergo faster and more effective recovery if we
examine the dynamic healing and regeneration of organisms under the influence of
pharmacology and numerous rehabilitations of premature infants? What are the common
points? How can artificial intelligence with machine learning and LLMs be applied for the
benefit of others struggling with strokes and migraines? Does not each of us go through personal
tragedies to use this life school for scientific or purely human purposes, supporting others and
giving them hope for a better tomorrow? These questions are answered by the author,

Agnieszka Maria Mietz-Blijleven, based on her very personal, difficult experiences from the
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perspective of a mother, scientist, IT specialist, entrepreneur, and person who has been dealing

with medical sciences, artificial intelligence, programming, and cybersecurity in IT for years.

Furtherly, the aims of the PhD Thesis open new approaches on treatment, recovery of patients
from brain diseases, because Artificial Intelligence (Al) is revolutionizing healthcare in
numerous ways, enhancing both patient care and the efficiency of medical processes. The aims

of this PhD thesis are:

e Enhancing Diagnostic Accuracy: Al algorithms are being used to analyze medical
images such as X-rays, CT scans, and MRIs, detecting abnormalities and diagnosing
conditions with high accuracy, sometimes even surpassing human radiologists. This
helps in the early detection and treatment of diseases like cancer or brain disorders.

e Predictive Healthcare: Al can analyze vast amounts of patient data to predict disease
outbreaks, patient admissions, and even individual health risks, allowing for proactive
healthcare measures, improving patient outcomes, and reducing healthcare costs.

e Personalized Treatment Plans: By analyzing genetic information and other personal
health data, Al can help create personalized treatment plans tailored to individual
patients, increasing the effectiveness of treatments and minimizing side effects.

e Accelerating Drug Discovery: Al accelerates the drug discovery process by predicting
how different compounds will interact with targets in the body, significantly reducing
the time and cost involved in bringing new drugs to market.

e Al-Powered Surgical Assistance: Al-powered robotic systems assist surgeons in
performing complex procedures with greater precision and control, reducing the risk of
complications and improving recovery times for patients.

e Continuous Patient Engagement: Al-driven endpoints (mobiles, computers, diodes), but
also chatbots and virtual assistants provide patients with medical information, reminders
for medication, and even mental health support, enhancing patient engagement and
ensuring continuous care outside of traditional clinical settings.

e Streamlining Administrative Tasks: Al helps streamline administrative tasks such as
scheduling, billing, and managing patient records, reducing the burden on healthcare

staff and allowing them to focus more on patient care.
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e Medical Research and Innovation: Al is also used to analyze large datas.ets from clinical
trials and medical research, identifying patterns and insights that can lead to new

medical discoveries and innovations

Introduction

In the course of my life, I have had the unique opportunity to integrate years of holistic,
interdisciplinary education and experience across various domains of computer science,
Al genAI/ML/LLM, cybersecurity, charge transfer of advanced physics, medical engineering,
and genetic engineering, combined with Vojta methods of rehabilitation. This journey also
included the extensive process of treating my own premature children, born at the seventh
month of pregnancy, classified as disabled with full recovery later on upon intensive therapy
requiring hard work from physicians, doctors, rehabilitators, and myself. During their
hospitalization in incubators, my twins were diagnosed with several brain and intracranial
hemorrhages caused by prematurity. Over time, while being with my children at various
specialized hospitals and medical centers for long months and later years of various
interdisciplinary medical treatments on the path to recovery, I have noted the recovery process
of my twin-children and other early-born children between the 22nd and 37th week of
pregnancy—highlighting that this is classified as a normal pregnancy and under direct
observation at the hospital with intensive therapy. Additionally, I have meticulously observed
my own organism concerning migraines with aura throughout my development, alongside a
genetic examination of migraines that have afflicted my family for generations. This has
allowed me to identify and scrutinize common, previously unaddressed points, with the aim of

early intervention, potentially preventing migraines with aura and, consequently, strokes.

Furthermore, I have delved deeply into the ramifications of brain hemorrhages, strokes,
and the prevention of exacerbating migraine pain, which can paralyze or significantly impair
the quality of both professional and personal life. With over 23 years of experience working in
hospitals, medical laboratories, later at many R&D based corporates duties and as an IT
architect specializing in Al _genAI/ML/Cybersecurity, I have combined this knowledge with
biochemistry, analyses, and uncertainty of analytical research methods applied with medical
equipment estimation for all types of analysis. This has led me to develop advanced algorithms,
prompting me to attempt the creation of Al genAI/ML/LLM models for early response and

brain stimulation using charge transfer, graphene, neural networks, Al genAI/ML/MML,
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cybersecurity, and the Vojta method in three specific, yet widely - holistically investigated

scenarios:

e Comparing and loading data models in machine learning for the regeneration of premature
infants after secondary brain hemorrhages, micro strokes, and strokes, to complementarily
diagnose and treat strokes and hemorrhages in seniors using charge transfer and graphene
with AI/ML.

e Stimulating the brain to prevent the development of migraines with aura by incorporating
the Vojta method into the AI/ML model and observing the response pathways of neural
connections in the brain.

e In cases of migraines with aura due to cervical lordosis and muscle tension, utilizing
nanotechnology equipment to alleviate muscle tension and stimulate the nervous system in
such a manner that blood flow through deep layers continues with oxygen without

interruptions, thereby preventing the constriction of blood vessels in the brain.

My research also resulted in the development of a centralized system for international
healthcare. This means that a patient diagnosed in country X and then transported for treatment
in country Y does not need to undergo repeated examinations. Doctors have all the results
available in one application to make decisions regarding further medical treatment. I added to

this solution aspects of cybersecurity to protect data of the patient.

Artificial Intelligence (Al) is revolutionizing healthcare in numerous ways, enhancing
both patient care and the efficiency of medical processes. Al algorithms are being used to
analyze medical images such as X-rays, CT scans, and MRIs, detecting abnormalities and
diagnosing conditions with high accuracy, sometimes even surpassing human radiologists. This
helps in early detection and treatment of diseases like cancer or brain abnormalities. Al can
analyze vast amounts of patient data to predict disease outbreaks, patient admissions, and even
individual health risks, allowing for proactive healthcare measures, improving patient
outcomes, and reducing healthcare costs. By analyzing genetic information and other personal
health data, Al can help create personalized treatment plans tailored to individual patients,
increasing the effectiveness of treatments and minimizing side effects. Al accelerates the drug
discovery process by predicting how different compounds will interact with targets in the body,
significantly reducing the time and cost involved in bringing new drugs to market. Al-powered

robotic systems assist surgeons in performing complex procedures with greater precision and
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control, reducing the risk of complications and improving recovery times for patients. Al-driven
chatbots and virtual assistants provide patients with medical information, reminders for
medication, and even mental health support, enhancing patient engagement and ensuring
continuous care outside of traditional clinical settings. Al helps streamline administrative tasks
such as scheduling, billing, and managing patient records, reducing the burden on healthcare
staff and allowing them to focus more on patient care. Al is also used to analyze large datasets
from clinical trials and medical research, identifying patterns and insights that can lead to new
medical discoveries and innovations. The integration of Al in healthcare is still evolving, but
its potential to transform the industry is immense. As Al technologies continue to advance, we
can expect even more innovative applications that will further improve patient care and

healthcare delivery.
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Chapter 1: Introduction, including the background, problem statement, objectives, research

questions, significance, and scope.

Background of the Study

The integration of Artificial Intelligence (Al), Machine Learning (ML), and advanced
algorithms with medical techniques such as the Vojta method, charge transfer in Deep Brain
Stimulation (DBS) has shown promising results in various fields. This study explores the
interdisciplinary applications of these technologies in neurological rehabilitation, migraine
treatment, and the recovery of preterm infants and seniors. Additionally, the use of graphene in
conjunction with Al and DBS is examined for its potential to enhance treatment efficacy. The
majority of these insights stem from my personal experiences with my twins and myself,

forming the foundation of my research methodology after years of treatment.
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Solution and Architecture Overview

Graphene diodes integrated within the brain cortex are designed to monitor cerebral blood flow dynamics. These diodes are
equipped with built-in stimulators capable of detecting charge transfer transitions. Upon detection, they provide an electrical stimulation
impulse aimed at either dilating blood vessels or preventing their rapid constriction within the brain. This mechanism is intended to
enhance oxygenation of the brain tissue and mitigate the risk of stroke or migraine with aura. Additionally, these diodes offer brain
stimulation to alleviate focal points of stroke and migraine pain. This dual functionality aims to not only prevent vascular issues but

also reduce the neurological pain associated with these conditions.

e

—
AI/ML/LLM collecting, analysing,

transforming data from binary row data to

vision through brain-machine-interface built

based on REST API or Neural network

— _ interface
Graphene diodes with built-in AVML/LLM SW

Figure 2 Revolutionizing Brain Stimulation with Graphene Diodes, AI, ML, LLM, Vojta

method.

o

Revolutionizing Brain
Stimulation Graphene

Video no. 1 Visual Creator AI Agent — prepared with Copilot for M365 — author:
Agnieszka Mietz-Blijleven
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Problem statement

The main concern is an adoption of AI, ML, LLM, Generative Al, and Cybersecurity in the
diagnosis and treatment of brain diseases. Specifically, it focuses on the application of charge
transfer in Deep Brain Stimulation (DBS) to enhance the efficacy of treatments for neurological
disorders, migraines with aura, and the recovery of preterm infants and seniors. Despite
extensive research, no one has yet attempted to create graphene diodes with AI/ML software
that can be placed in the brain through the nostrils in key brain areas. Additionally, no attempts
have been made to develop a model for stimulating the central nervous system using charge
transfer transitions and stimulating the brain and nerves at anatomical points, based on the Vojta

method's pressure points.

I am confident in the success presented in my PhD thesis, yet that will require next steps of

development and sponsors in collaboration applying simulated solution proposed on DBS.

Muscles

tension — Recuuctionin

cervivical lordsdss

Figure 1. An anatomical image of the torso and shoulder girdle with muscle tensions leading

to migraine with aura, including cervical lordosis reduction with a widow's hump.

A graphene diode with AI-Gen AI/ML/LLM multidirectional for deep brain stimulation. The
image indicates the muscle tensions causing migraine, changing the electric charge of neurons
and the brain. It depicts the charge transfer captured by the graphene diode, which records data
with built-in AI/ML software. The diode stimulates the nervous system to neutralize muscle

tensions, regulate blood flow, and alleviate migraines and migraines with aura.
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In addition, the application of the mathematical MASS model with R in deep brain stimulation
(DBS) or use of commercially available solutions like for instance Azure Al Foundry can be
significantly enhanced by integrating artificial intelligence (AI) and machine learning (ML)
algorithms with medical techniques such as the Vojta method and charge transfer processes.
The utilization of graphene diodes in this context is particularly promising due to their
exceptional electrical conductivity and biocompatibility, which can potentially improve the
efficacy of DBS treatments. Furthermore, neural mass models serve as effective surrogates for
electrophysiological signals in brain simulations, providing a robust framework for
understanding and predicting neural dynamics. The incorporation of bifurcation analysis is
crucial in this regard, as it facilitates the exploration of non-linear systems and aids in the design

and optimization of brain stimulation regimes.
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Aspect

Brain Stroke

Migraine with Aura

Increased Risk of

Brain Diseases or

Possible consequence of

migraine with aura

Migraine, especially with aura, is

a risk factor for both ischemic

Disorders and haemorrhagic stroke.
Sensory Not typically associated | Characterized by sensory
Disturbances with sensory disturbances. | disturbances such as seeing
flashes of light, zigzag lines,
tingling sensations, and difficulty
speaking.
Enhanced Involves enhanced | Involves enhanced cerebral
Cerebral cerebral excitability and | excitability and increased
Excitability increased incidence of | incidence of microembolic events.
microembolic events.
Spreading Not typically associated | This electrophysiologic event
Depolarization with SD. underlies migraine aura and is a
(SD) known headache trigger.
Increased SD susceptibility has
been demonstrated in migraine
animal models.
Microembolic Patients are at risk for | Patients are at risk for
Events cardioembolic stroke due | cardioembolic stroke due to
to increased incidence of | increased incidence of

coagulopathy, atrial

fibrillation, and patent

foramen ovale.

coagulopathy, atrial fibrillation,

and patent foramen ovale.
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Aspect Brain Stroke Migraine with Aura

Genetic Factors Genetic mutations | Genetic mutations associated
associated with stroke can | with migraine can lead to
lead to increased | increased frequency of ischemia-
frequency of ischemia- | triggered SDs upon experimental

triggered SDs. stroke.

Table 1. Factors that may cause stroke and migraine with aura

Graphene Diodes Embedded in the Brain Cortex for Monitoring Cerebral Blood Flow and
Neurological Stimulation

Graphene diodes integrated within the brain cortex are designed to monitor cerebral blood flow
dynamics. These diodes are equipped with built-in stimulators capable of detecting charge
transfer transitions. Upon detection, they provide an electrical stimulation impulse aimed at
either dilating blood vessels or preventing their rapid constriction within the brain. This
mechanism is intended to enhance oxygenation of the brain tissue and mitigate the risk of stroke

or migraine with aura.

Additionally, these diodes offer brain stimulation to alleviate focal points of stroke and migraine
pain. This dual functionality aims to not only prevent vascular issues but also reduce the

neurological pain associated with these conditions.

Data Measurement and Analysis Using Al, LLM, and ML

The data collected by the graphene diodes can be analysed using advanced Al techniques,
including large language models (LLMs) and machine learning (ML) algorithms. Here's how it

works:

1. Data Collection: Graphene diodes continuously monitor and record electrical signals
and charge transfer transitions within the brain. They also analyse the root cause of

migraine attempts, whether the biochemical change in the organism had triggered the
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attempt of migraine with aura or perhaps the muscle tension of the shoulder girdle

(muscle tension, widow's hump).

2. Data Transmission: The recorded data is transmitted to a central processing unit

equipped with Al capabilities.
3. Data Analysis:

e Machine Learning (ML): ML algorithms process the data to identify patterns
and anomalies in cerebral blood flow and neural activity. These algorithms can

learn from historical data to improve accuracy over time.

o Large Language Models (LLM): LLMs can interpret complex data sets and
provide insights into the brain's physiological and pathological states. They can

also generate detailed reports and recommendations for medical professionals.

4. Real-Time Feedback: The Al system provides real-time feedback to the graphene
diodes, enabling immediate adjustments in electrical stimulation to optimize brain

function and prevent adverse events like strokes or migraines.

5. Predictive Analysis: By leveraging Al and ML, the system can predict potential issues

before they occur, allowing for proactive intervention.

This integration of graphene diodes with Al, LLM, and ML represents a cutting-edge approach
to brain health, combining real-time monitoring with advanced data analysis to improve patient

outcomes

Innovative technologies such as artificial intelligence (Al), brain-computer interfaces (BCls),
and nanotechnology are accelerating neuroscience research in the quest to improve human
health and daily lives. Researchers at the University of California San Diego (UCSD) have
developed a novel transparent brain-computer interface capable of providing high-resolution
neural recordings from the brain’s surface, utilizing Al, machine learning, and a nanomaterial

called graphene.

Graphene diodes integrated within the brain cortex are designed to monitor cerebral blood flow
dynamics. These diodes are equipped with built-in stimulators capable of detecting charge

transfer transitions. Upon detection, they provide an electrical stimulation impulse aimed at
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either dilating blood vessels or preventing their rapid constriction within the brain. This
mechanism is intended to enhance oxygenation of the brain tissue and mitigate the risk of stroke
or migraine with aura. Additionally, these diodes offer brain stimulation to alleviate focal points

of stroke and migraine pain.

Every one out of six people, approximately 16% of the global population, experience significant
disability according to the World Health Organization (WHO). Brain-computer interfaces, also
called brain-machine interfaces (BMIs), are enabling technologies that offer hope to those who
have lost the ability to speak or move after brain stroke. With the help of a brain-computer
interface, a person can manage and operate external electronic devices with just thoughts to
communicate via synthesized speech, move prosthetic limbs, operate a computer, and perform

other important functions that improve the quality of life for those with disabilities.

The brain-computer interface market, a USD 2 billion industry in 2023, is expected to reach
USD 6.2 billion by 2030 with a compound annual growth rate (CAGR) of 17.5% during 2020-
2030 according to the Brain Computer Interface Market Size & Share Report 2030 by Grand
View Research. Per the report, North America had the largest revenue share globally at 39.5%
in 2022. A growing aging population is expected to contribute to the BCI market growth as the
prevalence of Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, and other

neurodegenerative disorders increases.

“Recordings of neural activity at depth without implanting invasive neural probes could extend
the lifetime of neural implants and improve the longevity of BCI technologies and pave the way
for their medical translation,” wrote UCSD researchers Duygu Kuzum, Mehrdad Ramezani,
Jeong-Hoon Kim, Xin Liu, Chi Ren, Abdullah Alothman, Chawina De-Eknamkul, Madison N.
Wilson, Ertugrul Cubukcu, Vikash Gilja, and Takaki Komiyama.

What sets this brain-computer interface apart is the ability to record brain activity via both
optical imaging and electrical signals simultaneously. Unlike conventional BCI implants which
are opaque, this new BCI is transparent, providing neuroscientists with a window for
observation via microscopy. As the transparent graphene electrode array records electrical
signals from the neurons located in the brain’s outer layers, at the same time, the calcium spikes

from neurons up to 250 micrometres deep are imaged using a two-photon microscope shining
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laser lights through the array. In this manner, the researchers were able to correlate the electrical

signals at the brain’s outer layers with calcium spike activity in the deeper parts of the brain.

The correlation data was used as training data for an Al artificial neural network. The UCSD
researchers created an Al model with a linear hidden layer, a single-layer bidirectional LSTM
(Long Short-Term Memory), or BILSTM, and a linear readout layer. The Al model learned
from the correlation data in order to predict the calcium activity in the deeper parts of the brain
based on the electrical signals on the outer layer. This enables neuroscientists to observe brain
activity for longer periods as the organism is moving around freely versus being locked under

a microscope for a short duration.

Objectives of PhD Thesis

The objectives of my PhD are focused on integrating Artificial Intelligence (Al), Machine
Learning (ML), Large Language Models (LLM), Generative Al, and Cybersecurity with charge
transfer and Vojta method in Deep Brain Stimulation (DBS) to enhance the diagnosis and

treatment of brain diseases. Specifically, my research aims to:

1. Regenerate premature infants after secondary brain hemorrhages, micro strokes, and
strokes by comparing and loading data models in machine learning. This also includes
complementarily diagnosing and treating strokes and hemorrhages in seniors using
charge transfer and graphene.

2. Prevent the development of migraines with aura by incorporating the Vojta method into
the AI/ML model and observing the response pathways of neural connections in the
brain.

3. Alleviate muscle tension and stimulate the nervous system in cases of migraines with
aura due to cervical lordosis and muscle tension. This involves using nanotechnology
equipment to ensure continuous blood flow through deep layers without interruptions.

4. Develop mechanism based on graphene diodes with AI/ML/LLM/gen Al software with
charge transfer focused on stimulation of areas in brain to preven strokes and migraine
with aura occurence. Such mechanism should be corresponding to Vojta Method in

reverse respond of diodes stimulation.
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5. Develop a centralized system for international healthcare to ensure that patients
diagnosed in one country and transported to another for treatment do not need repeated

examinations. This system includes aspects of cybersecurity to protect patient data

Research questions

Some potential research questions for my PhD thesis that I have risen to myself before

approaching researches, observations:

1. How can AIl, ML, LLM, and Generative Al be integrated into the diagnosis and

treatment of brain diseases to enhance the efficacy of Deep Brain Stimulation (DBS)?

2. What are the potential benefits and challenges of using graphene diodes with A/ML

software for electrical stimulation in key brain areas through the nostrils?

3. How can charge transfer transitions be utilized to stimulate the central nervous system
and improve treatments for neurological disorders, migraines with aura, and the

recovery of preterm infants and seniors?

4. What is the role of the Vojta method's pressure points in developing an Al/genAl model
for stimulating the brain and nerves at anatomical points using charge transfer

transitions?

5. How can cybersecurity measures be implemented to ensure the safety and reliability of

AI/ML applications in DBS treatments?

These questions, beyond of many others aim to explore the innovative aspects of my research
and address the key concerns related to the adoption of advanced technologies in brain disease

treatments.

Brain stroke and migraine with aura - common points and root causes of occurrence.

While brain stroke and migraine with aura are closely related, there is no direct evidence to
suggest that a brain stroke can lead to migraine with aura. However, there is a known link
between the two conditions. People who experience migraine with aura may be at a higher risk
of stroke, particularly ischemic stroke, which occurs when a blood clot blocks blood flow to a

part of the brain.
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Migraine with aura involves visual disturbances and other sensory symptoms that can

sometimes resemble stroke symptoms. It's important to understand the differences between the

two conditions to ensure proper diagnosis and treatment.

How do brain strokes and migraines with aura occur in infants and seniors, and under what

circumstances?

Aspect Infants/Early-born Seniors

Brain Strokes

Blood Blood clots more easily due to | Blood clots due to atherosclerosis, atrial
immature clotting systems, e.g., | fibrillation, or other cardiovascular
congenital heart defects, like | issues, e.g., plaque buildup in arteries.
VDA, AVD.

Pressure Fragile blood vessels can lead to | High blood pressure is a major risk factor
haemorrhagic  strokes, e.g., | for ischemic and haemorrhagic strokes,
intracranial haemorrhage. e.g., hypertension exceeding 140/90

mmHg.

Brain Brain injury due to lack of oxygen | Brain tissue damage due to blocked or
or bleeding, e.g., perinatal stroke | burst blood vessels, e.g., ischemic stroke

Heart Congenital heart defects can | Heart disease and atrial fibrillation can
increase stroke risk, e.g., patent | lead to embolic strokes, e.g., irregular
ductus arteriosus. heartbeats causing clots.

Symptoms | Seizures, extreme sleepiness, | Sudden numbness, confusion, trouble
weakness on one side, e.g., | speaking, vision problems, severe
hemiparesis. headache, e.g., transient ischemic attack.
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Aspect Infants/Early-born Seniors

Migraine with Aura

Blood Possible genetic factors affecting | Blood flow changes and inflammation in
blood vessels, e.g., familial | blood vessels, e.g., vasospasm.
hemiplegic migraine.

Pressure Blood pressure changes can | High or low blood pressure can influence
trigger migraines, e.g., sudden | migraine severity, e.g., hypertension or
spikes in blood pressure. hypotension.

Brain Visual disturbances due to | Visual and sensory disturbances due to
temporary changes in brain | altered blood flow in the brain, e.g., aura
activity, e.g., cortical spreading | without headache or opposite: vast
depression headache pain

Heart Rare in infants, but possible | Increased risk of heart disease and stroke
genetic  predispositions, e.g., | with migraines, e.g., cardiovascular
mitochondrial disorders. comorbidities.

Symptoms | Visual disturbances, throbbing | Visual aura, sensory changes, speech
head pain, nausea, e.g., seeing | difficulties, e.g., temporary vision loss.
flashing lights.

Table 2 Factors that may cause stroke and migraine with aura in premature infants and

seniors
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How can we optimize the treatment of brain strokes in seniors by comparing the
pathophysiology of strokes in infants and migraines with aura, utilizing advanced techniques

such as charge transfer, deep brain stimulation (DBS), artificial intelligence (AI), machine

learning (ML), large language models (LLM), and the Vojta method?

sleepiness, hemiparesis.

Aspect Infants/Early-born Seniors

Brain Strokes

Pathophysiology Congenital heart defects, | Atherosclerosis, hypertension,
blood clotting disorders, | atrial fibrillation.
blood vessel malformations.

Symptoms Seizures, extreme | Sudden numbness, confusion,

severe headache.

Charge Transfer

Limited application due to

delicate physiology.

Improves blood flow, reduces

clot formation.

Deep Brain | Rarely used; potential for | Manages chronic pain, improves
Stimulation future applications. motor function post-stroke.
(DBS)
Artificial Early diagnosis, | Predicts stroke risk, optimizes
Intelligence (AI) personalized treatment | rehabilitation strategies.

plans.
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Aspect Infants/Early-born Seniors

Machine Analyzes genetic data to | Monitors recovery, adjusts
Learning (ML) predict stroke risk. treatments based on real-time

data.

Large Language | Provides educational | Offers personalized health
Models (LLM) resources for caregivers. advice and support.

Vojta Method Effective for early | Improves motor skills and

intervention in neurological | coordination.

issues.

Migraine with Aura

Pathophysiology Genetic factors, somatic | Main focus in PhD thesis: Loss
stress in incubator and | of cervical lordosis, muscle
separation from | tension due to stress, years of
mother/father, working hunched over
environmental stimuli. computers, dowager's hump,

leading to numerous spinal
diseases and nerve
compressions. Hormonal
changes, dehydration,
underlying health conditions.

Symptoms Visual disturbances, | Visual aura, sensory changes,
nausea, throbbing head | speech difficulties.
pain.
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Aspect Infants/Early-born Seniors
Charge Transfer Limited application. Can influence blood flow
changes.

Deep Brain | Rarely used. Potential for managing chronic

Stimulation migraine pain.

(DBS)

Artificial Early diagnosis, | Predicts migraine triggers,

Intelligence (AI) personalized treatment | optimizes management
plans. strategies.

Machine Analyzes genetic | Monitors symptoms, adjusts

Learning (ML) predispositions. treatments.

Large Language | Provides educational | Offers personalized health

Models (LLM) resources. advice.

Vojta Method Effective for early | Can be adapted for improving
intervention. coordination.

Table 3 Optimizing Treatment of Brain Strokes in Seniors by Comparing Pathophysiology of

Strokes in Infants and Migraines with Aura Using Advanced Techniques.

The significance of PhD thesis

The significance of my PhD thesis, titled "Artificial Intelligence with Charge Transfer in Deep
Brain Stimulation: New Approaches Based on AI/ML, LLM, Generative Al, and Cybersecurity
in the Diagnosis and Treatment of Brain Disease", lies in its innovative, holistic and
interdisciplinary approach to enhancing the diagnosis and treatment of brain diseases. Here are

the key points of significance:
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Integration of Advanced Technologies: My research integrates Artificial Intelligence
(AI), Machine Learning (ML), Large Language Models (LLM), Generative Al, and
Cybersecurity with medical techniques such as the Vojta method and from advanced,
applied Physics — the charge transfer in Deep Brain Stimulation (DBS). This
interdisciplinary approach aims to improve the efficacy of treatments for neurological

disorders, migraines with aura, and the recovery of preterm infants and seniors.

Innovative Use of Graphene Diodes: The thesis explores the potential of using graphene
diodes with AI/ML software for electrical stimulation in key brain areas. This novel
approach aims to enhance the efficacy of DBS treatments by leveraging the unique
properties of graphene, such as its exceptional electrical conductivity and

biocompatibility.

Focus on Charge Transfer Transitions: My research delves into the application of charge
transfer transitions to stimulate the central nervous system. This involves developing a
model for stimulating the brain and nerves at anatomical points based on the Vojta
method's pressure points. This innovative approach aims to improve treatments for

neurological disorders and migraines with aura.

Personal and Observational Insights: The thesis is grounded in my personal experiences
and observations, particularly in treating my own premature children and managing
migraines with aura. This unique perspective adds a valuable dimension to the research,

highlighting the practical implications and potential benefits of the proposed solutions.

Development of a Centralized Healthcare System: My research also resulted in the
development of a centralized system for international healthcare. This system ensures
that patients diagnosed in one country and transported to another for treatment do not
need repeated examinations. It includes aspects of cybersecurity to protect patient data,

enhancing the efficiency and security of medical treatments.

Potential for Broad Applications: The findings of my research have the potential to be
applied to a wide range of neurological conditions, including brain strokes, migraines
with aura, and the recovery of preterm infants and seniors. The interdisciplinary
approach and innovative use of advanced technologies could lead to significant

improvements in patient outcomes and the overall quality of healthcare.
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My PhD thesis represents a significant contribution to the field of medical science by integrating
advanced technologies with traditional medical techniques to enhance the diagnosis and
treatment of brain diseases. The innovative use of graphene diodes, charge transfer transitions,
and AI/ML models holds great promise for improving the efficacy of treatments and the quality
of patient care. Such study had not been performed so far in such holistic way based on my

current awareness.

Scope of PhD Thesis

The scope of my PhD thesis, titled "Artificial Intelligence with Charge Transfer in Deep Brain
Stimulation: New Approaches Based on AI/ML, LLM, Generative Al, and Cybersecurity in the
Diagnosis and Treatment of Brain Disease", is comprehensive and interdisciplinary. It

encompasses several key areas of research and application:

1. Integration of Advanced Technologies

My research integrates Artificial Intelligence (Al), Generative Artificial Intelligence (genAl),
Machine Learning (ML), Large Language Models (LLM), and Cybersecurity with medical
techniques such as the Vojta method and charge transfer with graphene diodes in Deep Brain
Stimulation (DBS). This interdisciplinary approach aims to improve the efficacy of treatments

for neurological disorders, migraines with aura, and the recovery of preterm infants and seniors.

2. Innovative Use of Graphene Diodes

The thesis explores the potential of using graphene diodes with AI/ML software for electrical
stimulation in key brain areas. This novel approach aims to enhance the efficacy of DBS
treatments by leveraging the unique properties of graphene, such as its exceptional electrical

conductivity and biocompatibility.

3. Focus on Charge Transfer Transitions

My research delves into the application of charge transfer transitions to stimulate the central
nervous system. This involves developing a model for stimulating the brain and nerves at
anatomical points based on the Vojta method's pressure points. This innovative approach aims

to improve treatments for neurological disorders and migraines with aura.
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4. Personal conclusions on statement of a problem and Observational Insights

The thesis is grounded in my personal experiences and observations, particularly in treating my
own premature children and managing migraines with aura. This unique perspective adds a
valuable dimension to the research, highlighting the practical implications and potential

benefits of the proposed solutions.

5.AI/ML/LLM mechanism of DBS with graphene diodes with charge transfer

Graphene diodes, due to their exceptional electrical conductivity and biocompatibility, can be
integrated with charge transfer mechanisms to stimulate neuronal activity. This approach can
be particularly beneficial for treating neurological conditions such as migraines with aura and
brain strokes. The treatment involves the application of graphene diodes to specific regions of
the brain, where they facilitate charge transfer to modulate neuronal activity. AI and ML
algorithms can continuously monitor patient responses to treatment, adjusting the stimulation
parameters in real-time to maximize efficacy. Large Language Models (LLMs) can be used to
analyze patient data and generate personalized treatment plans. Generative Al can simulate
various treatment scenarios and predict outcomes based on different stimulation patterns. The
MASS package in R provides statistical tools to analyze the effectiveness of the treatment. By
applying these tools, researchers can evaluate the impact of graphene diodes and charge transfer
mechanisms on recovery processes. The stimulation process involves the application of
graphene diodes to the cortex of the brain, where they facilitate with neural networks and charge
transfer to modulate neuronal activity. The organism's response to this stimulation can be
monitored using AI/ML algorithms, which adjust the stimulation parameters in real-time to
ensure optimal results. For patients with musculoskeletal disorders, graphene diodes can be
used to target specific muscle groups, reducing tension and improving mobility. Deep brain
stimulation (DBS) using graphene diodes can be tailored to individual patients by adjusting the
stimulation parameters based on real-time monitoring and AI/ML algorithms. By integrating
these advanced techniques and technologies, we can develop more effective treatment strategies
for neurological conditions, tailored to the specific needs of different patient groups. This
holistic approach can significantly improve recovery outcomes and quality of life for both early-

born infants and seniors.
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6. Development of a Centralized Healthcare System

My research also resulted in the development of a centralized system for international
healthcare. This system ensures that patients diagnosed in one country and transported to
another for treatment do not need repeated examinations. It includes aspects of cybersecurity to

protect patient data, enhancing the efficiency and security of medical treatments.

7. Potential for Broad Applications

The findings of my research have the potential to be applied to a wide range of neurological
conditions, including brain strokes, migraines with aura, and the recovery of preterm infants
and seniors. The interdisciplinary approach and innovative use of advanced technologies could

lead to significant improvements in patient outcomes and the overall quality of healthcare.

Conclusion

My PhD thesis represents a significant contribution to the field of medical science by integrating
advanced technologies with traditional medical techniques to enhance the diagnosis and
treatment of brain diseases. The innovative use of graphene diodes, charge transfer transitions,
and AI/ML models holds great promise for improving the efficacy of treatments and the quality

of patient care.
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Chapter 2: Literature Review, covering existing research on Al, ML, DBS, the Vojta method,
charge transfer transitions, graphene applications, and migraine treatment.

The integration of advanced technologies such as artificial intelligence (Al), machine learning
(ML), large language models (LLM), generative Al, Azure Al Services, Foundry, Open Al, and
software development in healthcare applications presents a transformative approach to
cybersecurity, observability, and monitoring. This literature review explores the development
and commercial application of these technologies in central patient monitoring health
applications and nanotechnology diodes, with a focus on Al-driven charge transfer mechanisms

in deep brain stimulation (DBS) for the diagnosis and treatment of brain diseases.

Al and ML in Healthcare

Al algorithms are being used to analyse medical images such as X-rays, CT scans, and MRIs,
detecting abnormalities and diagnosing conditions with high accuracy. This helps in the early
detection and treatment of diseases like cancer or brain disorders. Al can analyse vast amounts
of patient data to predict disease outbreaks, patient admissions, and individual health risks,
allowing for proactive healthcare measures. Generative Al is being implemented for
personalized treatment plans and real-time monitoring and adjustment of DBS. This includes

predictive modelling and fine-tuning language models for medical applications.

Deep Brain Stimulation (DBS)

The application of charge transfer in DBS enhances the efficacy of treatments for neurological
disorders, migraines with aura, and the recovery of preterm infants and seniors. Graphene
diodes are being explored for their potential to improve DBS treatments due to their exceptional
electrical conductivity and biocompatibility. Utilizing graphene diodes for monitoring cerebral

blood flow dynamics and providing electrical stimulation to enhance brain oxygenation and
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mitigate stroke risks. Al and ML algorithms can continuously monitor patient responses to
treatment, adjusting stimulation parameters in real-time to maximize efficacy. Generative Al
can simulate various treatment scenarios and predict outcomes based on different stimulation

patterns.

Vojta Method

The Vojta method, pioneered by Dr. Vaclav Vojta, is a transformative approach to neurological
rehabilitation that harnesses the power of reflexive locomotion to reignite the brain’s innate
ability to rewire itself and restore lost motor function. Developed in the 1950s, this
groundbreaking technique has revolutionized the field of physiotherapy, offering hope to

countless individuals struggling with neurological and musculoskeletal disorders.

At its core, Vojta Therapy aims to activate the central nervous system through carefully applied
stimuli. By doing so, it seeks to unlock innate movement patterns that may have been disrupted
due to neurological damage or developmental issues. These patterns form the building blocks

of all complex movements, from crawling as babies to walking as adults.

Vojta Therapy uses pressure points to trigger innate movement patterns. By applying pressure
to specific areas of the body, therapists can activate these patterns, setting off a chain reaction
throughout the entire central nervous system. This activation doesn’t just affect the muscles

being directly stimulated but influences the entire nervous system.

Reflex locomotion is activated from three main positions: prone, supine, and side lying. To
stimulate the patterns of movement, there are ten available zones on the body, including the
arms and legs . Vojta Therapy can be used in adults with acquired impairments that affect the

peripheral and central nervous regulation of movement. It is effective even in the acute phase
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of illness and subsequent rehabilitation. Reflex creeping is a technique used in adults to

stimulate movement patterns.

Charge Transfer Transitions

The mechanism of charge transfer in physics, including conduction and induction, can be

related to the occurrence of strokes and migraines with aura through several key aspects.

Graphene Applications

Graphene's exceptional electrical conductivity and biocompatibility make it a promising
material for various medical applications, including DBS and monitoring devices. Graphene
diodes provide real-time measurements of neural activity due to their exceptional electrical
conductivity and biocompatibility. These measurements can be used to create comprehensive

datasets that capture dynamic changes in brain activity and symptoms.

Recent studies have highlighted several breakthrough applications of graphene

Industrial Applications: Graphene is enabling a new generation of breakthrough industrial
applications. Its unique properties, such as electrical and thermal conductivity, thermal stability,
and lubricating characteristics, have significantly impacted industries like electronics, batteries,

composites, and refractories .

Market Growth

The global graphene market is expected to grow significantly, with the demand for graphene

and graphene-based materials on the rise due to their applications across various industries .

Innovative Applications
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A recent study demonstrated the creation of an electric circuit using a simple marker and a laser

beam, showing that sustainable materials can generate innovative applications on any surface.

Fire Detection

A study in ACS Applied Materials & Interfaces highlights graphene's potential as an effective
material for quicker, more reliable fire detection due to its high electron mobility, superior
thermal conductivity, high mechanical properties, and structural stability under high

temperatures.

Migraine Treatment

Al and ML are being used to develop predictive models for migraine treatment, enabling

personalized treatment plans and real-time monitoring and adjustment of therapies.

Regulatory aspects

Doora Requirements and NIS2: These topics were not specifically covered in the retrieved
documents, but they are essential for understanding regulatory and compliance aspects in Al

and cybersecurity applications in healthcare.

Advanced Physics of Charge Transfer: This area includes the study of conduction and induction
mechanisms, which are crucial for understanding the application of charge transfer in medical

treatments.

Personal Insights and Experiences

My personal experiences with your twins and yourself have significantly contributed to your
research methodology. My can-do attitude, consequences, and dedication to recovery and

rehabilitation have driven your extensive study of medicine and the healing process.
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PhD Thesis: Development and Commercial Application of Nexthink for Cybersecurity,
Observability, and Monitoring in Central Patient Monitoring Health Applications and

Nanotechnology Diodes

This thesis explores the integration of advanced technologies such as Nexthink, AI, ML, LLM,
and generative Al in healthcare applications, focusing on Al-driven charge transfer mechanisms

in DBS for the diagnosis and treatment of brain diseases.

By leveraging Al, ML, generative Al, and charge transfer mechanisms in DBS, we can develop
robust cybersecurity, observability, and monitoring solutions for central patient monitoring
health applications and nanotechnology diodes. These approaches will enhance patient
outcomes and ensure the responsible use of Al in healthcare. This holistic approach, combining
medical science, advanced physics, Al, generative Al, LLM, ML, software development,
experimentation, and observability, is demanding but essential for advancing healthcare

technology.
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Chapter 3: Methodology, detailing the research design, data collection, and analysis methods.

Statement of the Problem

Over years of research and observation, and despite extensive searches for study results, no one
has yet attempted to create graphene diodes with AI/ML software that can be placed in the brain
through the nostrils in key brain areas. Additionally, no attempts have been made to develop a
model for stimulating the central nervous system using charge transfer transitions and
stimulating the brain and nerves at anatomical points, based on the Vojta method's pressure

points.

Let’s have a look at particular stages of brain disease and possible stimulation

Brain — migraine with aura:

Figure 3 (A) Enlarged brain spaces visible as round, dark changes (arrow) in the left
temporal lobe in the case of migraine with aura. (B) Asymmetry in the appearance of cortical

vessels. (RSNA & Wilson Xu).
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Figure 4 Brain with stroke
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Figure 5 Critical points of anatomical stimulation with use of Vojta method

Despite advancements in medical technology, there remain significant challenges in

effectively treating neurological disorders, migraines with aura, and ensuring the optimal

development of preterm infants. This study aims to address these challenges by leveraging Al,

genAl, ML, nanotechnology, and graphene to enhance existing medical treatments. The

research is based on personal observations and experiences, as testing on other individuals was

not possible.
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So far Graphene Flagship scientists have developed a sensor based on CVD graphene that
detects brain signals in a wide frequency band, from extremely low frequencies to high
frequency oscillations. The sensor is biocompatible and could be used to measure and predict

brain states.

A newly developed graphene-based implant can record electrical activity in the brain at
extremely low frequencies and over large areas, unlocking the wealth of information found

below 0.1 Hz.

Another option under consideration are Graphene tattoos are ultra-thin, flexible patches that

can monitor brain wave activity continuously with minimal impact on a person’s daily life.

Deep Brain Stimulation with Al/genAI/ML/LLM/Charge transfer/Vojta Method. Graphene
diode — nanotechnology - Approach, outlining the framework for research design, techniques
for gathering data, and strategies for analysis.

First step is to build algorithm that provides a basic framework for analyzing brain waves and

diagnosing conditions using machine learning.

ile  Edit tion View Go Run - ¢ DB 0

Restricted Mode i ended for safe code browsing. Trust this window to enable all features. Manage Learn More

DBS algorythm.py X

1 |import numpy as np
t pandas as pd
Ffrom sklearn.model_selection import train_test_split
klearn.preproc g import StandardScal
om sklearn.ensembl ort RandomForestClassifier
om sklearn.metrics import accuracy_score, confusion_matrix
t matplotlib.pyplot as plt

data = pd.read_csv(

X = data.drop(columns=
y = data[ ndition']

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=8.2, random_state=42)

scaler = StandardScaler()
X_train = scaler.fit_transform(X_train)
X_test = scaler.transform(X_test)

clf = RandomForestClassifier(n_estimators=10@, random_state=42)
clf.fit(X train, )
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Figure 6 Advanced algorithms for DBS
Process steps with algorithms use

1. Data Loading and Preprocessing:
o Load the dataset containing brain wave data, blood pressure, oxygen levels, etc.

e Separate features (X) and labels (y).

42| Page



o Split the data into training and testing sets.
o Standardize the features using StandardScaler.
2. Model Training:
e Train a RandomForestClassifier on the training data.

e Predict conditions on the test set and evaluate the model using accuracy and

confusion matrix.
3. Feature Importance:

e Plot the feature importance to understand which features contribute most to the

predictions.
4. Brain Wave Analysis Function:

e Define a function analyze brain waves that takes brain wave data as input,
preprocesses it, predicts the condition, and performs a simplified charge transfer

analysis.

There is an option to include QEEG, also known as quantitative EEG, is often referred to as
"brain mapping" because it allows for visual analysis and interpretation of EEG, significantly

expanding the understanding of EEG and brain functions.

Python algorithm that integrates a Large Language Model (LLM) and Graph API along with
QEEG (quantitative EEG) analysis. This algorithm will use the Graph API to visualize EEG

data and leverage LLM for advanced analysis and interpretation I have coded with below steps:
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Figure 7 Python algorithm that integrates a Large Language Model (LLM) and
Graph API along with QEEG (quantitative EEG) analysis

Explanation:
Data Loading and Preprocessing:

o Load the dataset containing brain wave data, blood pressure, oxygen levels, etc.

e Separate features (X) and labels (y).
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o Split the data into training and testing sets.

o Standardize the features using StandardScaler.
Model Training:

e Train a RandomForestClassifier on the training data.

e Predict conditions on the test set and evaluate the model using accuracy and

confusion matrix.
Feature Importance:

e Plot the feature importance to understand which features contribute most to the

predictions.
Brain Wave Analysis Function:

e Define a function analyze brain waves that takes brain wave data as input,
preprocesses it, predicts the condition, and performs a simplified charge transfer

analysis.
LLM Integration:

o Use OpenAl's GPT-3 or GPT-4 for advanced analysis and interpretation of
QEEG data.

o Define a function advanced_analysis to interact with the LLM and get insights.
Graph API (or own- built API) Integration:
e Use NetworkX to visualize EEG data as a graph.

e Define a function visualize eeg data to create and display the graph.

This algorithm provides a comprehensive framework for analyzing brain waves, diagnosing

conditions, and leveraging AI/ML, LLM, and Graph API for enhanced insights and

visualization.
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NEURAL MASS MODEL with R

STRATEGY — GENERATIVE MODELING

Stimulation § Subject Measurement

Input 7 State Z Record R
(current density) (potential) | (fMRI, M/EEG),
'\‘\,‘l/?:elt’rame&te—_’r“"el\ Parameter Parameter #
(conductivity). | (firing threshold) (sourtes)
I=f(S¢) Z=f,(1,0) R=f(Zn)
Input Dynamical Observer

Figure 8 Strategy of Generative Modelling with R

The integration of the mathematical MASS model with R in deep brain stimulation (DBS)
encompasses several advanced methodologies, including predictive models and large language
models (LLMs). This integration is pivotal for enhancing the precision and efficacy of DBS
treatments. Predictive models, developed using R, leverage historical data to forecast future
outcomes, thereby enabling the optimization of DBS protocols. The incorporation of LLMs,
such as those facilitated by the tidychatmodels package in R, further augments this process by

providing sophisticated natural language processing capabilities.

I have used the regression to predict numeric (continuous) y-variables and classification to

predict categorical (discrete) y-variables.

Measurements from graphene diodes, neurons, and neural networks are integral to this
framework. Graphene diodes, known for their exceptional electrical conductivity and
biocompatibility, facilitate accurate recording of neural activity and charge transfer processes.
These measurements can be seamlessly integrated into the MASS model, allowing for real-time
monitoring and adjustment of DBS parameters. Neural networks, both biological and artificial,
play a crucial role in interpreting these measurements and predicting the outcomes of various

stimulation regimes.
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The Vojta method, a renowned technique in neurological rehabilitation, can be revisited to

enhance recovery if DBS proceeds well. This method focuses on stimulating specific reflex

points to improve motor function and alleviate symptoms such as migraines with aura. By

incorporating the Vojta method into the rehabilitation protocol, it is possible to mitigate the risk

of brain strokes and further enhance the therapeutic outcomes of DBS.

Hypothesis: the application of the MASS model with R in DBS involves the integration of

predictive models and LLMs, the incorporation of measurements from graphene diodes

and neural networks, and the utilization of the Vojta method for rehabilitation. This

interdisciplinary approach holds significant promise for advancing the field of

neurological treatment and improving patient outcomes.

Hypothesis Testing

Null Hypothesis Ho
True until proven false

Usually posits no relationship

Select Test
Pick from vast library

Know which one to choose

Significance Level
Usually 1% or 5%

What threshold for luck?

Alternative Hypothesis
Negation of null hypothesis

Test Statistic

Convert to p-value

Usually asserts specific relationship How likely it was just luck?

Accept or Reject
Small p-value? Reject Ho

Small: Below significance level

Figure 9 MASS model with R and LLM

Integration of Al, ML and Advanced Algorithms

Al and ML Integration brings together below assumptions:

o Data Collection and Analysis: Usage of Al and ML algorithms to collect and analyze

patient data, including neurological signals, motor patterns, and treatment outcomes.

This data can be used to train models that predict treatment efficacy and personalize

therapy.
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e Predictive Modeling: Development of predictive models to identify optimal
stimulation parameters for DBS and to forecast the progression of neurological

conditions.

e Real-time Monitoring: Implementation of real-time monitoring systems that use Al to

adjust stimulation parameters dynamically based on patient responses.
Vojta Method Integration

Vojta Therapy:

e Reflex Locomotion Activation: Usage of Al to analyze and optimize the activation of
reflex locomotion patterns in patients undergoing Vojta therapy. This can help in fine-

tuning the pressure points and stimulation zones for better outcomes

o Patient Monitoring: Implementation of sensors and Al algorithms to monitor patient
movements and provide feedback to therapists, ensuring precise application of the Vojta

method.
Charge Transfer in Deep Brain Stimulation Science and Nanotechnology Diodes

The integration of charge transfer measurements in brain science is crucial for understanding
the electrical activity of the brain. Nanotechnology diodes, particularly graphene-based diodes,
can facilitate precise charge transfer and enhance the efficiency of DBS. These diodes can
collect comprehensive input data from various physiological factors, such as brain activity,
neurons, the central nervous system, blood pressure, glucose levels, age, gender, diet, cortisol
(stress), muscle tension, spine defects, and other factors. This data can be used to train AI/ML
models for early diagnosis and treatment of neurological conditions. Trained models must
include all changes happening during day and night observation of patients willing to attend

such research and take into account responses given from graphene diodes.
DBS Optimization:

o Electrode Design: Utilize advanced algorithms to design electrodes that maximize
charge transfer efficiency and minimize tissue damage. This exercise must be treated as
continued activity of its calibration with the uncertainty of measurements and

observability approach.
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Graphene and Graphene Diodes in Enhancing Deep Brain Stimulation and Neuromodulation
Techniques

Graphene and graphene diodes possess unique properties that significantly enhance the
effectiveness of deep brain stimulation (DBS) and other neuromodulation techniques. Further
researches explore the relationship between these materials and the use of upconversion
nanoparticles (UCNPs) in near-infrared (NIR) deep brain stimulation. For PhD purposes, I will

elaborate on graphene diodes with charge transfer stimulation on the brain.

Electrical Conductivity: Graphene is renowned for its exceptional electrical conductivity,
making it an ideal material for fabricating highly efficient electrodes. These electrodes are

utilized in DBS to deliver precise electrical stimulation to targeted brain regions.

Flexibility and Biocompatibility: The remarkable thinness and flexibility of graphene allow
it to conform to the brain's surface without causing significant damage or discomfort. This

property is crucial for developing minimally invasive neural interfaces.

High Charge Injection Capacity: Graphene diodes and electrodes can handle high charge
densities, which is essential for effective neural stimulation. This capacity ensures that the
electrical signals delivered during DBS are sufficiently strong to modulate neuronal activity

without degrading the electrode material.

Optical Properties: Graphene's optical transparency and its ability to interact with light make
it compatible with optogenetic techniques. When combined with UCNPs, graphene-based
devices can facilitate the conversion of NIR light to visible light, which can then activate light-

sensitive ion channels in neurons.

Integration with UCNPs: Graphene can be integrated with UCNPs to create hybrid devices
that leverage the strengths of both materials. For instance, graphene's high conductivity can
enhance the efficiency of UCNPs in converting NIR light to visible light, thereby improving

the overall effectiveness of optogenetic stimulation.

Charge Transfer in Physics: Charge transfer is the process by which electrons move from one
atom or molecule to another. This can occur through various mechanisms, including conduction
and induction. In conduction, charge transfer happens when a charged particle touches a

conductive material, allowing electrons to move between them.

50|Page



In induction, charge transfer occurs without direct contact, as the electric field of a charged
object induces electron movement in another object. These principles are fundamental in
understanding how graphene and UCNPs interact at the molecular level to facilitate effective

neuromodulation.

Conclusion: Graphene and graphene diodes offer several advantages for neuromodulation,
including high electrical conductivity, flexibility, biocompatibility, and compatibility with
optical techniques. These properties make them valuable components in advanced DBS systems

and other neural stimulation technologies.

Figure 10 An image illustrating charge transfer and deep brain stimulation with graphene

diodes.
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The photo shows the interaction between graphene diodes and neural tissue, highlighting
the electrical conductivity and biocompatibility of graphene. That includes elements

representing the charge transfer process and the effects of deep brain stimulation.

Figure 11 Graphene diodes with charge transfer, Al, genAl, ML, LLM in DBS

The integration of the mathematical MASS model with R in deep brain stimulation (DBS)
encompasses several advanced methodologies, including predictive models and datasets. The
MASS package in R, which stands for "Modern Applied Statistics with S," provides functions

and datasets to support statistical analysis and modelling.
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S is a statistical programming language that originated at Bell Labs in 1975-76. It was designed
for data analysis and statistical computing. R is the main modern implementation of S and is
widely used for statistical analysis and data science. R is free and part of the GNU project,
making it accessible to researchers and practitioners worldwide. S-PLUS is a commercial

version of S, offering additional features and support.

In the context of DBS, the MASS package in R can be used to develop predictive models that
leverage historical data to forecast future outcomes, thereby optimizing DBS protocols. The
package includes various functions for statistical analysis, such as linear discriminant analysis
(LDA), quadratic discriminant analysis (QDA), and robust regression techniques. These
methods are essential for interpreting complex datasets and predicting the outcomes of different

stimulation regimes.

By integrating the MASS model with R, researchers can enhance the precision and efficacy of
DBS treatments, utilizing advanced statistical techniques and comprehensive datasets to inform
their decisions and improve patient outcomes. That is just one from many solutions integrated
with Neural Networks that could be considered for Deep Brain Stimulation techniques with

design introduced by myself.

The Jupiter program, specifically the Neural CMS model, is a machine-learning model designed
to compute the gravitational moments and mass of Jupiter given seven chosen parameters
setting its interior model. This model is trained on over a million interior model solutions
computed with the accurate but computationally demanding concentric Maclaurin spheroid
method (CMS). The NeuralCMS model can be adapted to study neural dynamics and predict
outcomes in DBS by leveraging its ability to handle complex computations and large datasets

efficiently
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Z Jupyter

File Edit

IntegrationWithMASS Last Checkpoint: a few seconds ago (unsaved changes) @ Logout

View Insert Cell Kernel Help Trusted | RO

Toggle Header
Toggle Toolbar

Toggle Line Numbers E
In [ 1 Cell Toolbar > |
h3 Ol i
In [ ]:
In [ ]:
In [ ]:
In [ )%
In, [ 32
— Jupyter Classification Last Checkpoint: 13 minutes ago  ( d changes) A Logout
File  Edit View Inset  Cell Kemel  Widgets Help Trusted | Python 3.8.8 O
B + < @A B 4 % PRin B C » Code v e
Import Sequential model from Keras. Import Dense and Dropout layers from Keras. To know more about them, consult these
links. sequential, dense, dropout.
To know more about relu activation check out this link.
In [28]: from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense, Dropout
In [29]: model =|Sequential()]

| In [ ]:

In [ ]:
In [ ]:

In [ ]:

model.add(Dense(512, input_dim=input_size, activation='relu'))
model.add(Dropout(0.2))

model.add(Dense(512, activation='relu'))
model.add(Dropout(0.2))

model.add(Dense(num_labels, activation='softmax'))

| | |
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: Ju pyt9r Classification Last Checkpoint: 20 minutes ago (unsaved changes) ﬁ Logout

File Edit View Insert Cell Kernel Widgets Help Trusted ‘ Python 3.8.8 @
B+ << @ B 44 ¥ PRin B C MW cCode v B
In [ ]:

In [*]: model.fit(x_train, y_train, epochs=20, validation_split=0.2)

Epoch 1/20
1500/1500 [ ] - 13s 8ms/step - loss: 0.2327 - accuracy: 0.9289 -
val_loss: 0.1165 - val_accuracy: 0.9638
Epoch 2/20
1500/1500 [ ] - 12s 8ms/step - loss: 0.1135 - accuracy: 0.9646 -
val_loss: 0.1037 - val_accuracy: 0.9697
Epoch 3/20
1494/1500 [ >.] - ETA: 0s - loss: 0.0849 - accuracy: 0.9734
In: E
In [ ]
In [ ]
In [ ]
In [ ]
In [ ]

Upon having the classification completed, time to train the model with use of regression data.

: Jupyter Regression Last Checkpoint: 14 minutes ago (unsaved changes) & Logout
File Edit View Insert Cell Kernel Widgets Help Trusted l Python 3 (ipykernel) O
B+ x @ B 424 ¥ PRin B C » Code v 8
IIa [ J=

In [18]: hist = model.fit(x_train, y train, epochs=200,|validation_split=0.2

Epoch 1/200

11/11 [ ] - 1s 16ms/step - loss: 538.6625 - mae: 21.3125 - val_l
oss: 560.0314 - val mae: 21.7394

Epoch 2/200

13/11 [ ] - Os 4ms/step - loss: 452.6872 - mae: 19.0115 - val_lo
ss: 447.9443 - val_mae: 18.8532

Epoch 3/200

11/11 [ ] - 0Os 5ms/step - loss: 341.7597 - mae: 15.6938 - val_lo
ss: 323.2723 - val_mae: 15.0729

Epoch 4/200

11/11 [ ] - 0Os 5ms/step - loss: 234.9031 - mae: 12.2679 - val_lo
ss: 222.6330 - val _mae: 11.9322

Epoch 5/200

L3/ | ] - 0Os 4ms/step - loss: 165.6519 - mae: 9.9448 - val_los
s: 160.0216 - val mae: 9.8741

Epoch 6/200

11/11 [ ] - Os 4ms/step - loss: 129.3790 - mae: 8.6761 - val_los
s: 126.9996 - val _mae: 8.6899

Epoch 7/200

B N PSP S— A raA Aman ——— = anaa W N .

| In [ ]:

Inf )z
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: Ju pyter Regression Last Checkpoint: 22 minutes ago (unsaved changes)

File Edit View Insert Cell Kernel Widgets Help Trusted

B+ x @A B 4 v PRin B C » Code v 2

In [18): plt.figure(figsize=(15, 5))
plt.plot(range(l, len(hist.history['loss']) + 1), hist.history['loss'])
plt.plot(range(l, len(hist.history['val_loss']) + 1),

hist.history[ 'val_loss'])
plt.title('Loss Curve for Train and validation Set')
plt.xlabel('Epoch')
plt.ylabel('Loss"')
plt.legend(['Train Loss',
plt.show()

'Validation Loss'])

Loss Curve for Train and validation Set

ﬁ Logout

| Python 3 (ipykernel) O

400

Loss

~—— Tain Loss
~—— Validation Loss

Epoch

In [19]: plt.figure(figsize=(15, 5))

plt.plot(range(l, len(hist.history['mae’]) + 1), hist.history[ 'mae’'])

plt.plot(range(l, len(hist.history['val mae']) + 1),
hist.history['val mae'])

plt.title('Mean Absolute Error for Train and validation Set')

plt.xlabel( 'Epoch')

plt.ylabel( 'Loss')

plt.legend([ 'Train MAE',

plt.show()

'Validation MAE'])

Mean Absolute Error for Train and validation Set
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Results of trained model on first patience’s data of brain impulses collected with graphene

diodes:
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: Ju pyter BinaryClassifier Last Checkpoint: 9 minutes ago (unsaved changes) p Logout

File Edit View Insert Cell Kernel Widgets Help Trusted \ Python 3 (ipykernel) @

B+ x @ B 424 v PRin B C » Code v &= O nbdiff

Early Stopping helps in triggering the end of training when some predefined conditions are met. To know more about this
function, please refer to this link.

In [19]: from tensorflow.keras.callbacks import EarlyStopping

In [20]: es = EarlyStopping(monitor='loss',
patience=2,
mode='min"',
verbose=1)

In [*]: model.fit(train_ iterator,
steps_per epoch=len(train_iterator),
validation data=validation_iterator,
validation_steps=len(validation_iterator),
epochs=10, callbacks=[es])

Epoch 1/10
55/351 [===D.isewcssseceessosiossesessss ] - ETA: 2:47 - loss: 0.6314 - accuracy: 0.7784

Monitoring of accuracy, loss, ETA changes over a time:

: Ju pyter BinaryClassifier Last Checkpoint: 9 minutes ago (unsaved changes) F Logout
File Edit View Insert Cell Kernel Widgets Help Trusted ‘ Python 3 (ipykernel) @
+ X & B 44 v PRin B C » Code v & O nbdiff

Early Stopping helps in triggering the end of training when some predefined conditions are met. To know more about this
function, please refer to this link.

In [19]: from tensorflow.keras.callbacks import EarlyStopping

In [20]: es = EarlyStopping(monitor='loss',
patience=2,
mode='min"’,
verbose=1)

In [*]: model.fit(train_ iterator,
steps_per_epoch=len(train_iterator),
validation_data=validation_iterator,
validation_steps=len(validation_iterator),
epochs=10, callbacks=[es])

Epoch 1/10
67/351 [mmmm>..lossaeasseapesessssinaces ] - ETA: 2:40 - loss: 0.5653 - accuracy: 0.8008

I In [ Js

In |

Zoalals

In the context of deep learning models training with TensorFlow, patience data plays a
crucial role in optimizing the training process. Patience refers to the number of epochs to wait
before stopping the training if the model's performance does not improve. This concept is
particularly important when using early stopping techniques to prevent overfitting and save

computational resources.
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ETA (Estimated Time of Arrival): ETA is an important metric that indicates the
expected time remaining for the training process to complete. It helps researchers and
practitioners manage their time and resources effectively. The ETA can be influenced by
various factors, including the complexity of the model, the size of the dataset, and the

computational power available.

Loss: Loss is a measure of how well the model's predictions match the actual data. It is
calculated using a loss function, which quantifies the difference between the predicted values
and the true values. During training, the goal is to minimize the loss, indicating that the model
is improving its predictions. Changes in loss values can provide insights into the model's

learning progress and help identify potential issues such as overfitting or underfitting.

Accuracy: Accuracy is a metric that measures the proportion of correct predictions
made by the model. It is often used in classification tasks to evaluate the model's performance.
Higher accuracy values indicate better performance. Monitoring accuracy during training helps
assess the model's ability to generalize to new data and provides a benchmark for comparing

different models.

Variables Influencing Loss and Accuracy: Several factors can influence the loss and

accuracy values during training, including:

o Learning Rate: The learning rate determines the size of the steps taken during gradient
descent. A higher learning rate can speed up training but may lead to instability, while

a lower learning rate can result in slower convergence.

e Batch Size: The batch size refers to the number of samples processed before updating
the model's parameters. Larger batch sizes can lead to more stable training but require
more memory, while smaller batch sizes can introduce more noise into the training

process.

e Model Architecture: The complexity and design of the model, including the number
of layers and neurons, can significantly impact the training process and the resulting

loss and accuracy values.

58| Page



o Regularization Techniques: Techniques such as dropout, L1/L2 regularization, and
early stopping can help prevent overfitting and improve the model's generalization

capabilities.

o Data Quality and Preprocessing: The quality and preprocessing of the data, including
normalization, augmentation, and handling missing values, can affect the model's

performance and the stability of the training process.

: Ju pyter BinaryClassifier Last Checkpoint: 9 minutes ago (unsaved changes) f" Logout
File Edit View Insert Cell Kernel Widgets Help Trusted Python 3 (ipykernel) @
+ x G B 4 % pPRuin B C W Code v = O nbdiff

Early Stopping helps in triggering the end of training when some predefined conditions are met. To know more about this
function, please refer to this link.

In [19]: from tensorflow.keras.callbacks import EarlyStopping

In [20]: es = EarlyStopping(monitor='loss’,
patience=2,
mode="'min"',
verbose=1)

In [*]: model.fit(train iterator,
steps_per_ epoch=len(train_iterator),
validation_data=validation_ iterator,
validation steps=len(validation iterator),
epochs=10, callbacks=[es])

Epoch 1/10
B5/35]1 [S=====>.....tteeccccnncccnnnns ] - ETA: 2:30 - loss: 0.4992 - accuracy: 0.8211

In [ ]:
In [ ]:

In [ ]:

Figure 12 A series of screenshots from the Jupyter environment, showcasing the Python
BinaryClassifier with the MASS model, adjusted for the purpose of training learning models

using TensorFlow.

Integration of Data from Graphene Diodes: In the context of deep brain stimulation
(DBS), data from graphene diodes that monitor brain activity and symptoms of brain stroke and
migraine with aura can be integrated into the training process. Graphene diodes provide real-
time measurements of neural activity due to their exceptional electrical conductivity and
biocompatibility. These measurements can be used to create comprehensive datasets that
capture the dynamic changes in brain activity and symptoms. By incorporating this data into
the training process, the model can learn to predict and respond to changes in neural activity,

enhancing the precision and efficacy of DBS treatments.
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Patience data, ETA, loss, and accuracy are critical metrics in the training of deep
learning models with TensorFlow. Understanding and monitoring these metrics, along with the
variables influencing them, can help optimize the training process and improve the model's
performance. The integration of real-time data from graphene diodes further enhances the
model's ability to monitor and respond to neural activity, providing valuable insights for DBS

treatments.

For this PhD Thesis, I have modified my own models and application of my art that is a
subject of patent, thus only on highlights introduced. Started point was to modify and
adjust neural model, thus selected this example:

https://github.com/zivmaava/NeuralCMS

The Mechanism of Charge Transfer in Physics, Including Conduction and Induction, can be
related to the Occurrence of Strokes and Migraines with Aura Through Several Key Aspects

Brain’s stroke

1. Neurotransmitters and Ion Flow: In stroke, particularly ischemic stroke, blood flow
to the brain is disrupted, leading to a deficiency of oxygen and glucose. This causes
disturbances in ion flow, including sodium, potassium, and calcium, which are crucial
for neuron function. Charge transfer in neurons is essential for maintaining membrane
potential and transmitting nerve signals. Disruptions in this process can lead to cell death

and brain damage.

2. Cerebral Autoregulation: The mechanisms of cerebral autoregulation, which maintain
constant blood flow despite changes in blood pressure, can be disrupted during a stroke.
Charge transfer in endothelial cells of blood vessels is key to regulating vascular tone

and blood flow.
Migraine with Aura

1. Cortical Spreading Depression: Migraine with aura is often associated with a
phenomenon called cortical spreading depression, a wave of depolarization of neurons
that moves across the cerebral cortex. Charge transfer, particularly ion flow of sodium

and calcium, plays a crucial role in this process. Cortical spreading depression can lead
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https://github.com/zivmaaya/NeuralCMS

to changes in blood flow and activation of the trigeminovascular system, which is

associated with migraine pain.

2. Visual Cortex Reactivity: Patients with migraine with aura exhibit increased reactivity
of the visual cortex to visual stimuli. Charge transfer in neurons of the visual cortex may
be more intense, leading to excessive activation and the occurrence of aura symptoms

such as flashes of light and visual disturbances.

Integrating graphene with AI/ML in electrode design for Deep Brain Stimulation (DBS)
involves leveraging the unique properties of graphene and the predictive capabilities of
AI/ML algorithms to enhance charge transfer efficiency and minimize tissue damage.

Here's a detailed approach:
Graphene Properties

Graphene is a single layer of carbon atoms arranged in a hexagonal lattice, known for its
exceptional electrical conductivity, mechanical strength, and biocompatibility. These
properties make it an ideal material for electrodes (internally situated in the brain’s cortex

zones or externally sustained on a head) in medical applications.

AI/ML Integration in Electrode Design

Material Optimization

e Defect & uncertaintity of measurements control: Al algorithms can be used to
analyze and control the number of defects in graphene sheets and uncertaintity of
measurements of brain abnormal functions in the observability model, ensuring
optimal electrical conductivity and mechanical stability.

e Composite Formation: Al can help in designing graphene composites with other

materials to enhance specific properties like conductivity and biocompatibility.

Electrode Geometry

e Non-stacking and 3D Structures: Al can optimize the design of non-stacking and
three-dimensional graphene structures to maximize the surface area and improve

charge transfer efficiency.
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e High Packing Density: Utilize ML to design electrodes with high packing density,

ensuring efficient charge transfer and minimizing tissue damage.

Predictive Modeling

e Simulation and Modeling: Use ML algorithms to simulate the electrode-tissue
interface and predict the volume of tissue activated (VTA) during DBS3. This helps
in optimizing electrode placement and stimulation parameters.

e Real-time Adjustments: Implement Al-driven systems that can adjust stimulation

parameters in real-time based on patient feedback and neurological signals.

Graphene Functionalization

Heteroatom Doping: Al can assist in functionalizing graphene with heteroatoms like
oxygen, nitrogen, boron, or phosphorus to enhance its electrochemical properties.
Surface Modification: ML can be used to design surface modifications that improve the

biocompatibility and reduce the inflammatory response of graphene electrodes.

Practical process steps

Data Collection: Gather extensive data on patient responses to DBS, including
neurological signals and treatment outcomes. Create hypothesis and algorythms
responsible for uncertainty of measurements and false-positive signals detection.
Algorithm Development: Develop AI/ML algorithms to analyze this data and optimize
electrode design and stimulation parameters.

Prototype Testing: Create prototypes of graphene-based electrodes and test them in
clinical settings to validate their performance.

Continuous Improvement: Use feedback from clinical trials to continuously improve

the AI/ML models and electrode designs.

Benefits

Enhanced Efficacy: Improved charge transfer efficiency leads to more effective DBS
treatments.
Reduced Tissue Damage: Optimized electrode designs minimize the risk of tissue

damage and inflammation.
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o Personalized Therapy: Al-driven adjustments ensure that each patient receives

personalized treatment based on their specific needs.

Stimulation Parameters: Al can be used to optimize stimulation parameters such as pulse
width, frequency, and amplitude for individual patients that influence the overall brain

operability.

Graphene Electrodes: Incorporate graphene-based electrodes to enhance electrical
conductivity and reduce the size of the implants, improving patient comfort and treatment

efficacy.

Conclusion

The mechanisms of charge transfer in physics, including conduction and induction, are
fundamental to the functioning of neurons and endothelial cells of blood vessels.
Disruptions in these processes can lead to serious consequences such as stroke and migraine
with aura. Understanding these mechanisms can help develop more effective methods for

treating and preventing these conditions.

Neurological Rehabilitation

Rehabilitation Programs:

o Personalized Therapy: Develop personalized rehabilitation programs using Al to tailor

exercises and stimulation protocols based on patient progress and specific needs.

o Feedback Systems: Implement feedback systems (often referred to feedback loops

process) that use sensors and Al to track patient progress and adjust therapy in real-time.
Migraine with aura treatment

Neuromodulation Devices:

e Device Optimization: Al can be used to optimize the settings of neuromodulation
devices like transcutaneous vagus nerve stimulators and transcranial magnetic

stimulation devices for migraine treatment.

o Patient Data Analysis: Analyze patient data to identify patterns and triggers for

migraines, allowing for more targeted and effective treatments. Take into researches all
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factors, like: age, weight, style of working over last 10-20 years, working in so called
unhealthy conditions, diseases, hormones researches, brain topography with focus on
nerves and veins, blood pressure, stress resistance of patience, smoking, drugs, widow’s
hump presence, introverted person vs. extraverted, diet, emotions, among many other
factors. GenAl model must be feeded with all scenarios that will lead to precision,
accuracy, repeatability and reproducibility of results per group classification, following
regression, distractors elimination and included artefacts of uncertainty of data process

of gathering, analyzing, reproducing and utilizing.
Recovery of Preterm Infants and Seniors

Monitoring and Support:

e Vital Signs Monitoring: Al can be used to monitor vital signs and neurological signals

in preterm infants and seniors, providing early detection of potential issues.

e Therapeutic Interventions: Develop Al-driven therapeutic interventions that can be

adjusted based on real-time data to support recovery and development.

Process of implementation steps

1. Data Infrastructure: Establish a robust data infrastructure to collect, store, and process

patient data securely.

2. Algorithm Development: Develop and train Al and ML algorithms using historical and

real-time patient data.

3. Device Integration: Integrate Al and ML algorithms with medical devices and sensors

to enable real-time monitoring and adjustments.

4. Clinical Trials: Conduct clinical trials to validate the efficacy and safety of the

integrated solutions.

5. Regulatory Compliance: Ensure all solutions comply with medical regulations and

standards.

Herein proposal for PhD research topics focusing on the comparison of early-born
infants and seniors in deep brain stimulation, with a priority on the use of Artificial Intelligence,

Large Language Models, Machine Learning, Cybersecurity, graphene, the Vojta method,
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charge transfer for neurons, and nanotechnology to combat migraines with aura, micro strokes,

strokes, and blood flow to the brain with below assumptions:

Graphene diodes for DBS

e Graphene is a promising bionanomaterial due to its superior solubility, conductivity,
scalability, and biocompatibility.

¢ Distinctive characteristics of graphene nanomaterials can be directly applicable to the brain
in health and disease.

e Future models with graphene such as injectable, biodegradable, and implantable graphene

are suggested for clinical use.

Its recent contribution to neurotechnology is particularly noteworthy because its
superior conductivity, chemical resilience, biocompatibility, thermal stability, and scalable
nature make it well-suited for measuring brain activity and plasticity in health and disease. I
find that graphene-mediated compounds are microfabricated in two central methods: chemical
processes with natural graphite and chemical vapor deposition of graphene in a film form. They
are widely used as biosensors and bioelectronics for neurodiagnostic and neurotherapeutic
purposes in several brain disorders, such as Parkinson's disease, stroke, migraine with aura,

glioma, epilepsy, tinnitus, and Alzheimer's disease.
As highlighted before - my researches are focused on brain stroke and migraine with aura.

This review provides an overview of studies that have demonstrated the technical advances of
graphene nanomaterials in neuroscientific and clinical applications. I also discuss current
limitations and future demands in relation to the clinical application of graphene, highlighting
its potential technological and clinical significance for treating brain disorders. My review
underscores the potential of graphene nanomaterials as powerful tools for advancing the

understanding of the brain and developing new therapeutic strategies.
Observing Properties of Graphene at Home

To observe the properties of graphene at home, I can try the following simple experiments:
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Electrical Conductivity Experiment:

Materials Needed: Pencil (graphite), paper, 9-volt battery, LED, insulated wire leads, 330-ohm

resistor.
Procedure:

e Draw a thick, dark box on the paper using the pencil. This box will act as a conductor.
e Connect the positive terminal of the battery to one side of the resistor.

e Connect the resistor to one end of the LED.

e Connect the other end of the LED to an insulated lead.

e Attach a lead to the negative terminal of the battery.

e Touch the ends of the leads to the ends of the graphite box and observe if the LED lights

up.

Optical Absorbance Test:
Materials Needed: Glass slide, graphene sample.
Procedure:

e Place the graphene sample on the glass slide.
e Observe the sample under a light source to check for the characteristic 2.3% broadband

optical absorbance of single-layer graphene

Such simple experiment executed at home conditions, still without advanced labs expertise
already provides real example data based on facts of values in electrical and energy

consumption of graphene in conduction of electricity and use as organic material.

The Vojta Method in Nervous System Rehabilitation: The Vojta method is a
neurological rehabilitation technique that involves stimulating specific points on the patient's
body to evoke proper movement patterns. It is particularly effective in infants and children with

central nervous system damage.
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Rehabilitation using the Vojta Method for infants and Seniors

Czech pediatric neurologist, Professor Vaclav Vojta, spent nearly 20 years of his life
developing the concept of neurophysiological rehabilitation for children with central nervous
system damage, which is still successfully used in many leading rehabilitation centers
worldwide. It is very important to understand the principles and assumptions of rehabilitation
using the Vojta method and to start it at the appropriate time in the child's life to achieve the

desired effects.
Vojta Method — Who is the rehabilitation using the Vojta method intended for?

As mentioned earlier, motor rehabilitation using the Vojta method is aimed at infants,
children and seniors with central nervous system damage. It is particularly indicated in cases of
risk of cerebral palsy. It is also used in the treatment of paresis, orthopedic posture defects,
spina bifida, scoliosis, hydrocephalus, Down syndrome, or central coordination disorders

(CCD).

My twin children experienced four instances of brain haemorrhage and two strokes while they
were on intensive therapy in incubators. During this time, I increasingly suffered from
migraines with aura due to stress, lack of sleep, and vast concern for the lives of my children,
who were at high risk. During the rehabilitation of my children using the Vojta method, I
noticed that applying similar techniques from this method reduced my own pain and sometimes,
if implemented early, prevented the development of migraines with aura. This was due to the
alleviation of cervical lordosis, shoulder girdle tension, significant stress related to the fear for
my twins' lives, and chronic long-term sleep deprivation. For my twins, week by week, the
parameters of their brain examinations through transcranial ultrasound confirmed the healing
process of their brains—almost simultaneously, as is typical for twins. Additionally, we
alleviated muscle tension so that, according to their age, they could turn from side to side and

eventually walk.

The observations lasted over the time of my children's healing process at hospitals and early
rehabilitation. My frequently recurring migraines with aura became a serious bottleneck in
everyday care for my twins at the hospital. I lived with my children at the hospital for many
months, feeding them with my own milk, which I had to prepare and express from my breasts.

Early-born infants must first undergo other types of rehabilitation before they learn to suck milk
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from their mother's breast. I kangarooed them, stayed with them, and talked to them day and
night. I truly recommend parents to bring this invaluable effort for their own children as the
process of recovery is vastly sped up. This part of the spiritual experience I will dedicate to next
book. In this thesis, I focus solely on scientific aspects, while leaving a direct understanding

that the soul, feelings, and emotions of children and parents in the healing process are priceless,

The Vojta method is also addressed to premature infants if they need rehabilitation. The Vojta
method can be used even when the child is still in the incubator. The earlier the therapy is
started, the faster the effects will be achieved, that I can confirm by results achieved in case of

my twins treatment.
Vojta Method — What are the main assumptions of rehabilitation using the Vojta method?

Vojta's main assumption was that every child is born with a programmed development pattern
in the brain, according to which their motor development will proceed. Vojta later called this

motor ontogenesis. It is somewhat "built-in" in every human being from birth.

However, he noticed that damage to the nervous system results in the mentioned program not
being able to be properly implemented. Consequently, the child does not have access to the
correct movement pattern and begins to exhibit incorrect patterns. Over time, these patterns

become more entrenched and result in motor problems for the child.

Vojta discovered that appropriate stimulation of certain points on the child's body triggers
specific, correct motor reactions. The conclusion was that the child's muscles were not
damaged, but the center controlling them, i.e., the brain. A child with a damaged nervous system
has a blockade that prevents them from developing proper movement patterns, which,

according to Vojta's assumptions, are programmed from birth.

The premise of the Vojta method is the existence of a genetically encoded global locomotion
pattern. This means that all mechanisms necessary for changing body position, standing up, and
moving forward exist from the moment of conception of the human organism and gradually

reveal themselves automatically as the central nervous system matures.

Vojta concluded that through appropriate and systematic stimulation, it is possible for the child
to encode the correct movement patterns in the brain. These, once encoded, can be used in the

future as correct movement patterns.
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These mechanisms fall into three groups:
e support and extension mechanisms,
e automatic control of body posture,
e purposeful phased movement.

The diagnostic part consists of:

1. Movement analysis, including the assessment of the child's spontaneous motor skills in

the supine and prone positions — quantitative and qualitative assessment.
2. Seven positional reactions of the body in space and their assessment.

3. Assessment of selected primitive reflexes.

Figure 13 Stimulation points of the body using the Vojta method affecting feedback and

response of the central nervous system in the healing process.
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Movement analysis of spontaneous motor skills allows us to determine the developmental stage
of an infant without knowing their chronological age and, importantly according to Vojta, to

assess the quality of the patterns they possess.

The assessment of positional reactions is a very sensitive method for evaluating so-called
postural maturity. It allows us to determine the stage and quality of postural control by the
central nervous system from the first days of a newborn's life. In the following months, it
enables monitoring the direction of development and the potential risk of pathological

development (e.g., cerebral palsy).

For early diagnostics, Vojta introduced the concept of central coordination disorder (in Polish
literature, central nervous coordination disorder, abbreviated as ZOKN). This is not a disease
entity but a temporary term resulting from the neurokinesiological examination of an infant.
Depending on the number of abnormal positional reactions found during the examination, we

distinguish:
1. Mild ZOKN - 1-3 abnormal positional reactions.
2. Moderate ZOKN — 4-5 abnormal positional reactions.
3. Moderately severe ZOKN — 6-7 abnormal positional reactions.

4. Severe ZOKN — 7 abnormal positional reactions with concurrent severe muscle tone

disorder.

This examination is complemented by the assessment of so-called primitive reflexes, which

more precisely allows us to determine the likelihood of such a problem occurring.

Vojta's neurokinesiological diagnostics is a quick, sensitive, and cost-effective method that
allows for the selection of infants who do not fully achieve the correct locomotion program,
enabling the earliest possible start of therapy. If the neurokinesiological examination of the
child's spontaneous motor skills, positional reactions, and primitive reflexes shows deviations
from normality, the earliest possible application of the reflex locomotion method can prevent

pathological development or at least minimize its effects.

The result of such action can be normal development, and if pathological development (such as

cerebral palsy) occurs, its extent and effects will be as minimal as possible. The necessity for
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the earliest possible introduction of therapy is dictated by the greatest brain plasticity in the first
months of a child's life. The best period to start is the first three months of life, at the latest by
the end of the fifth month. The first three months are crucial because, under normal conditions,
physiological spinal extension is formed during this period. However, it is important to
remember that Vojta therapy cannot create something new! The possibilities and limits of
therapy will depend on the time of the child's life when the central nervous system was
damaged, its location, extent, and the possible occurrence of congenital diseases or brain
defects. We can only influence the undamaged areas of the brain, mobilizing them to take over

the functions of the damaged parts.

Vojta developed a therapy method based on reflex activation and triggering genetically encoded
locomotion mechanisms, known as reflex locomotion. It consists of two artificial movement
patterns: reflex crawling and reflex turning. Since this therapy uses deep sensation receptors,
or proprioceptors, it belongs to the group of neurophysiological methods. Therefore, its
application requires adherence to the principle of painlessness. The arrangement of these
receptors, resulting from the appropriate starting position and stimulation of the so-called
stimulation zones and application of appropriate resistance, allows for reaching and activating

the motor development matrix.

The key to successful rehabilitation using the Vojta method is the PARENTS, who are
responsible for its systematic implementation. Parents work with their child under the
supervision of a physiotherapist. In the initial period of rehabilitation, visits to the
physiotherapist's office should be frequent, every 2-3 days, gradually becoming less frequent
as parents gain confidence in conducting the therapy, eventually extending to 2, 3, or 4 weeks.
Solving technical problems of exercises is the responsibility of the physiotherapist. To achieve
the maximum effect, it is essential for parents to be aware of the existing problem in their child's
development and convinced of the necessity to start and conduct such therapy. Vojta therapy is
not easy. It requires long-term training for the physiotherapist. For the child, it involves
undertaking significant physical effort comparable to the load in competitive sports, and for the

parents, it requires systematic enforcement despite frequent dissatisfaction from the child.
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Vojta Method — How does rehabilitation using the Vojta method proceed?

To achieve the desired effects, rehabilitation using the Vojta method must be started as early as
possible. Therefore, it is recommended for premature infants and children in the first trimester

of life at risk of, for example, cerebral palsy.

Depending on the condition, an individual stimulation program is arranged by the therapist.
One rehabilitation session lasts from a few to several minutes, depending on the child's age and

condition. Sessions should be held four times a day.

Rehabilitation using the Vojta method involves pressing specific points on the child's body. It
is worth noting that the child must be naked during the sessions so that clothing does not restrict
their movements and does not hinder their perception of their own body. Additionally, the lack
of clothing allows the therapist to assess how the child's muscles work and how they respond
to stimulation. Rehabilitation using the Vojta method is not painful. It should not stimulate the

child's pain receptors, as it would then become ineffective.
Vojta Method — What is the role of parents in the rehabilitation process?

Parents play a huge role in the rehabilitation process using the Vojta method. Rehabilitation
must be carried out four times a day. This is a task for parents, who are previously properly

trained and prepared by the therapist.

Sessions with a specialist usually take place weekly. During these sessions, the therapist checks
the child's or senior’s progress and ensures that everything is proceeding correctly. It is also a
time for parents' questions and doubts, as they must find themselves in the new role of their

child's therapist.

When parents become more confident in conducting rehabilitation, meetings can be held less
frequently. Additionally, parents should be aware of how important the atmosphere in which

daily exercises are performed is, alongside properly conducted stimulation.
Vojta Method — Is rehabilitation using the Vojta method effective?

The effectiveness of rehabilitation using the Vojta method has been confirmed multiple times

in independent studies. The Vojta method, applied early enough, as research shows, can protect
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a greater number of children from serious complications in the form of cerebral palsy than other

methods. In many cases, it is possible to achieve full normalization of the child's development.

How did I integrate the Vojta method with graphene diodes, charge transfer with neural

networks, deep brain stimulation, AI/ML/LLM, and cybersecurity?

I am absolutely convinced that stimulation using the Vojta method combined with stimulation
using graphene diodes with AI/ML software and charge transfer supports the treatment of brain
hemorrhages, strokes in premature infants, as well as seniors with the same conditions.
Observations resulting from Deep Brain Stimulation (DBS) with AI/ML using graphene diodes,
Vojta method, and charge transfer in premature infants can then be replicated with adjusted

parameters in seniors with brain strokes, migraines with aura, and other neurological diseases.

Charge Transfer Transitions: Charge transfer transitions involve the movement of an electron
from one molecule (donor) to another (acceptor), which is crucial in many chemical reactions
and biological processes. These mechanisms are significant in materials science and

nanotechnology research.

T
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Figure 14 Transition of charge transfer mechanism.

Graph: Possible electronic transitions in a typical octahedral complex. [LMCT- Ligand to metal
charge transfer; MLCT- Metal to ligand charge transfer; MC—Metal centered transition; LC—

Ligand centered transition].

Electronic transitions in octahedral complexes, such as LMCT (Ligand to Metal Charge
Transfer), MLCT (Metal to Ligand Charge Transfer), MC (Metal Centered Transition), and LC

(Ligand Centered Transition), can be leveraged in various innovative ways when combined
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with graphene, AI/ML, LLM, cybersecurity, and graphene diodes for deep brain stimulation
(DBS) and analysis. Here's how:

Graphene and Graphene Diodes

Graphene's exceptional electrical conductivity and biocompatibility make it an ideal material
for neural interfaces. Graphene diodes can be used to create highly sensitive and precise
electrodes for DBS. These electrodes can facilitate efficient charge transfer processes,

enhancing the stimulation and recording of neural activity.

AI/ML and LLM

Artificial Intelligence (Al) and Machine Learning (ML) can analyze the vast amount of data
generated during DBS to optimize stimulation parameters and predict outcomes. Large
Language Models (LLMs) can assist in processing and interpreting complex medical data,

improving decision-making in real-time.

For DBS I suggest to follow new solution of LLM, referring to KBLaM: Knowledge Base
augmented Language Model (source code: GitHub - microsoft/KBLaM: Official

Implementation of "KBLaM: Knowledge Base augmented Language Model").

The Knowledge Base-Augmented Language Model (KBLaM) represents a novel approach to
augmenting large language models (LLMs) with external knowledge. Unlike Retrieval-
Augmented Generation (RAG), KBLaM eliminates the need for external retrieval modules,
thereby streamlining the integration process. Additionally, KBLaM addresses the
computational inefficiencies associated with in-context learning by ensuring that its
computational overhead scales linearly with the size of the knowledge base, rather than
quadratically. This innovative design allows KBLaM to efficiently embed structured
knowledge within the model's attention layers, facilitating dynamic updates without the need

for retraining.
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Figure 15 The Knowledge Base-Augmented Language Model (KBLaM) process with

augmenting large language models (LLMs) and external knowledge.

Knowledge Encoding: Each knowledge triple is mapped into a key-value vector pair using a
pre-trained sentence encoder with lightweight linear adapters. The key vector, derived from the
entity name and property, encodes index information, while the value vector captures the

corresponding property value, creating continuous, learnable key-value representations.

Integration with LLMs: These key-value pairs, or knowledge tokens, are integrated into the
model’s attention layers using a specialized rectangular attention structure. Unlike traditional
transformer models that process all tokens equally and incur quadratic costs, rectangular
attention enables the model to attend to knowledge with linear cost. Language tokens attend to
all knowledge tokens, while knowledge tokens do not attend to one another or back to the
language tokens. This selective attention pattern significantly reduces computational cost while

preserving the model’s ability to incorporate external knowledge effectively.

Efficient Knowledge Retrieval: Through rectangular attention, the model dynamically
retrieves relevant knowledge tokens during inference, eliminating the need for separate retrieval
steps. This linear cost assumption treats each fact independently, ensuring efficient integration

of external knowledge.
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Figure 16: Microsoft KBLaM allows for attention over the entire knowledge base instead of

having an external retriever.
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Figure 17: Source: Microsoft. By having the user’s question attend to the knowledge base,
while treating facts in the knowledge base independently, KBLaM scales efficiently and
linearly with the size of the knowledge base.

Unlike Retrieval-Augmented Generation (RAG), which appends retrieved document chunks to
prompts, the Knowledge Base-Augmented Language Model (KBLaM) allows for the direct
integration of knowledge into the model. Compared to in-context learning, KBLaM'’s
rectangular attention maintains a linear memory footprint, making it vastly more scalable for

large knowledge bases.
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The efficiency of KBLaM is a significant advancement. Traditional in-context learning
methods struggle with quadratic memory growth due to self-attention overhead. In contrast,
KBLaM'’s linear overhead allows for the storage of a much larger amount of knowledge in the
context. Practically, KBLaM can store and process over 10,000 knowledge triples, equivalent
to approximately 200,000 text tokens on a single GPU—a feat that would be computationally
prohibitive with conventional in-context learning. The results across a wide range of triples, as
illustrated in Figure 18, demonstrate this capability. Remarkably, KBLaM achieves this while
extending a base model with a context length of only 8K tokens. Additionally, KBLaM enables
dynamic updates: modifying a single knowledge triple does not require retraining or re-

computation of the entire knowledge base.
Cybersecurity

Ensuring the security of neural data and DBS systems is crucial. Cybersecurity measures can
protect sensitive neural data from unauthorized access and manipulation. This includes

encryption of data transmission and secure protocols for device communication.

How Retrieval-Augmented Generation (RAG) Enables LLMs to Utilize The Data Sources
Without Training?

Large Language Models (LLMs) possess extensive knowledge bases acquired through training.
For most scenarios, an LLM can be selected based on specific requirements. However, these
models often require additional training to comprehend specific data. Retrieval-Augmented
Generation (RAG) allows LLMs to access and utilize my data without the need for further

training.

To implement RAG, embeddings are created for my data along with common questions related
to it. This can be done dynamically or by storing the embeddings using a vector database
solution. When a user poses a question, the LLM uses these embeddings to compare the query
to my data and identify the most relevant context. This context, along with the user's question,
is then sent to the LLM in a prompt, enabling the model to generate a response based on my

data.

To perform RAG, each data source intended for retrieval must be processed. The basic steps

are as follows:
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o Large datasets are divided into manageable pieces.

e The chunks are converted into a format that can be efficiently searched.

o The converted data is stored in a location that allows efficient access.

o Relevant metadata for citations or references is also stored to ensure accurate responses.
e The converted data is fed to LLMs in prompts, enabling the models to generate

responses based on the provided context.

Ensuring cybersecurity in the RAG process involves several key measures: All data, including
embeddings and metadata, should be encrypted both at rest and in transit to prevent
unauthorized access. The strict access controls should be included to ensure that only authorized
personnel can access and modify the data. Next, regular security audits should be conducted to
identify and mitigate potential vulnerabilities. Finally, there should be utilized any anomaly
detection systems to monitor for unusual access patterns or data usage, which could indicate a

security breach.
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Figure 19: Source: Microsoft, Data governance

Once data pre-processing is ended, we can use cleaned data for further analysis and ML

RO

training.
File Edit View Insert Cell Kernel Help Trusted | &

In [1]: install.packages("MASS")
Updating HTML index of packages in '.Library'
Making 'packages.html’ ... done

In [2]: install.packages("pracma")
Updating HTML index of packages in '.Library’
Making 'packages.html’ ... done

In [ ]:Jlibrary(pracma)
library(MASS)

In [ ]

In [ ]:

In [ ]:

In [ 1:

Figure 20 Data analysis and incorporated at Jupiter for ML model training
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RAG — data retrieval with DB and cybersecurity

Vector Search & Al Assistant for Azure Cosmos DB for MongoDB vCore (June 2023)

DATA CONSUMERS
SOURCES

—_—
——

Catabases

-

—_—
€ Bstch/ COC / Stream |
Apps |

a R

Original a ding eques o
sl . €} Reguest Embecdings =guest Embeddings
€ Document: (Embecdings APl (Embaddings API}

D

— (Completions A7
Files

i

¥
@ 4zk Quastion

+—»
€ Vector Matching @ © Show Answer

1)
App Sarvice i < | Jsar:
et Ul Businass Users

Data Engineers
4 DBAS
@ Fersist Prompr: & Completions
j SourceDatz Service Data Processed Data Consumed Data @ End-User Process ) Background Process

Figure 21 Source: Microsoft: RAG, CosmosDB, Azure OpenAI for MongoDB vCore in ML

training process.
Integration of Charge Transfer Mechanisms

The charge transfer mechanisms in octahedral complexes can be applied to enhance the

functionality of graphene-based DBS systems. For instance:

e LMCT and MLCT: These transitions can be used to design graphene electrodes that
efficiently transfer charges between the electrode and neural tissue, improving the
effectiveness of stimulation.

e MC and LC: These transitions can help in the development of sensors that monitor the

neural activity and the effects of DBS, providing real-time feedback and adjustments.

By integrating these technologies, we can create advanced DBS systems that are more effective,

secure, and capable of providing personalized treatment based on real-time data analysis.

Artificial Intelligence and Nanotechnology in Deep Brain Stimulation: Artificial

Intelligence (AI) and nanotechnology play an increasingly important role in medicine,
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including deep brain stimulation (DBS). Al can help precisely adjust stimulation parameters,

while nanotechnology can enable more effective and less invasive treatment methods.

Stimulation in Combating Migraines with Aura and Strokes: Deep brain stimulation (DBS)

and other stimulation techniques are being studied as potential treatments for migraines with

aura and stroke prevention. Stimulation can help regulate neuronal activity and reduce migraine

symptoms.

Preterm Infants and Seniors: The Vojta method is used for both preterm infants and adult

patients, including seniors, to improve movement patterns and neurological functions.

Intergenerational integration, such as joint activities for seniors and children, can benefit both

groups.

The essence of scientific inquiry can be encapsulated in several fundamental vectors:

Observations: The systematic collection and analysis of empirical data form the
cornerstone of scientific research. Observations provide the raw material from which
hypotheses are generated and theories are constructed.

Repeatability and Reproducibility with Statistical Process Control (SPC): The ability
to replicate results under consistent conditions is crucial for validating scientific findings.
Statistical Process Control (SPC) techniques ensure that experiments are conducted with
precision and consistency, thereby enhancing the reliability of the results.

Data Science: The application of advanced analytical methods and computational
techniques to interpret complex datasets is integral to modern scientific research. Data
science enables researchers to uncover patterns, make predictions, and derive insights from
vast amounts of data. Julia language should be considered as a very first technology choice
or in integration with Python.

Intuition: While empirical evidence and rigorous analysis are paramount, intuition also
plays a significant role in scientific discovery. The ability to perceive connections and

generate innovative ideas often stems from an intuitive understanding of the subject matter.
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Intuition Behind PCA

-

Figure 22 Intuition behind PCA researches

Model MASS with R - An R package containing functions and datasets designed to

complement the renowned textbook "Modern Applied Statistics with S" by Venables and

Ripley.

File Edit View

Insert

Cell

Kernel

Help Trusted

In [14]: cumhaz_pat <- msfit.flexsurvreg(fits_weight, trans = t_matrix,

In [15]: head(cumhaz_pat$Haz, 10)

time

Haz trans

0.00
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.00000000
0.05802611
0.11247756
0.16357455
0.21152374
0.25651905
0.29874245
0.33836469
0.37554603
0.41043684

1
1

t = cumhaz_grid,
newdata = patient,
variance = FALSE)

Figure 23 Modern Applied Statistics with S by Venables and Ripley.

A simplified Python algorithm that outlines the structure for analyzing the four phases: Time

before aura attempts, Migraine Phase, Microstroke, and Stroke. This algorithm uses machine

learning and incorporates the use of graphene data. Note that this is a basic framework and

would need to be expanded with actual data and specific machine learning models.
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DBS algorythmpy ®

data = pd.read_¢

phase_mappin

}

data[ 'phase’'] = data['phase’].map(phase_mapping)

X = data[’ ].values.reshape(-1, 1)
data[’

X_train, X_test, y_train, y_test = train_test_split es .2, random_state=42)

Search

Trust this window to enable all features. Manage Learn More

DBS algorythm.py X

A5484¢

model = RandomForestClassifier(n_estimators=18@, random_state=42)

model.fit(X_train, y_train)

y_pred = model.predict(X_:

print(classification_report(y_test, y_pred, target_names=phase_mapping

predict_phase(graphene_data):
graphene_data = np.array(graphene_data).reshape(-1, 1)
.predict(graphene_data)

print ('

Figure 24 A simplified Python algorithm that outlines the structure for analyzing the four

phases: Time before aura attempts, Migraine Phase, Microstroke, and Stroke.
Explanation:

1. Data Loading and Preprocessing: The dataset is loaded and preprocessed. The phases

are mapped to numerical values for machine learning.
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2. Feature and Label Extraction: The graphene data is extracted as features, and the

phase labels are extracted as targets.
3. Data Splitting: The data is split into training and testing sets.

4. Model Initialization and Training: A RandomForestClassifier is used to train the

model on the training data.

5. Prediction and Evaluation: The model makes predictions on the test data, and the

performance is evaluated using a classification report.

6. Prediction Function: A function is provided to predict the phase based on new

graphene data.

This is a basic example to get started with data analysis and pre-processing. It can be expanded
and refined this algorithm by incorporating more sophisticated preprocessing, feature

engineering, and model tuning based on the specific requirements and data.
Breaking down the code step by step:
1. Importing Libraries
import numpy as np
import pandas as pd
from sklearn.model selection import train_test split
from sklearn.ensemble import RandomForestClassifier
from sklearn.metrics import classification_report

e numpy: Used for numerical operations.
o pandas: Used for data manipulation and analysis.

o sklearn.model_selection.train_test_split: Used to split the dataset into training and

testing sets.

o sklearn.ensemble.RandomForestClassifier: A machine learning model used for

classification tasks.
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o sklearn.metrics.classification_report: Used to evaluate the performance of the

classification model.

2. Loading the Dataset
data = pd.read csv('health data.csv')

e pd.read_csv: Reads the dataset from a CSV file named 'health data.csv'.

3. Preprocessing the Data
phase _mapping = {
'"Time before aura attempts': 0,
'Migraine Phase": 1,
'Microstroke': 2,
'Stroke': 3
b
data['phase'] = data['phase'].map(phase _mapping)
o phase_mapping: A dictionary that maps phase names to numerical values.

o data|'phase'|.map(phase_mapping): Converts the phase labels in the dataset to

numerical values using the mapping dictionary.

4. Feature and Label Extraction
X = data['graphene_data'].values.reshape(-1, 1)
y = data['phase'].values

e X: Extracts the 'graphene_data' column as features and reshapes it to a 2D array.
o y: Extracts the 'phase’ column as labels.

5. Splitting the Data

X train, X test,y train,y test=train_test split(X,y, test size=0.2, random_state=42)
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o train_test_split: Splits the data into training and testing sets. 80% of the data is used
for training, and 20% is used for testing. The random_state parameter ensures

reproducibility.
6. Initializing the Model
model = RandomForestClassifier(n_estimators=100, random_state=42)

o RandomForestClassifier: Initializes a Random Forest classifier with 100 trees.

The random_state parameter ensures reproducibility.

7. Training the Model
model.fit(X_train, y train)

o model.fit: Trains the model using the training data.

8. Making Predictions
y_pred = model.predict(X test)

o model.predict: Makes predictions on the test data.

9. Evaluating the Model
print(classification_report(y_test, y pred, target names=phase mapping.keys()))

e classification_report: Prints a report showing the precision, recall, and F1-score for

each class.

10. Prediction Function

def predict_phase(graphene data):
graphene data = np.array(graphene data).reshape(-1, 1)
phase = model.predict(graphene data)
return phase

o predict_phase: A function that takes new graphene data as input, reshapes it, and uses

the trained model to predict the phase.
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11. Example Usage

new_graphene data =[0.5] # Replace with actual graphene data
predicted phase = predict phase(new graphene data)
print(f'Predicted Phase: {predicted phase}')

new_graphene_data: An example of new graphene data.

predict_phase(new_graphene_data): Uses the prediction function to predict the phase

for the new data.

print: Prints the predicted phase.

This code provides a basic framework for analyzing the four phases using machine learning

with graphene data. It can be expanded and refined based on the specific requirements and data.

Here are a few sources where the healthcare datasets can be found that might be useful for the

machine learning projects:

1.

Kaggle: Kaggle is a popular platform for data science competitions and hosts a variety

of datasets. It can be found with healthcare-related datasets by searching for terms like

nn nn

"healthcare," "medical," "brain," "stroke," etc. Kaggle Datasets

UCI Machine Learning Repository: The UCI repository is a well-known source for
machine learning datasets. They have several healthcare-related datasets that can be

explored furtherly.

PhysioNet: PhysioNet offers a large collection of physiological and clinical data,

including data related to brain activity, strokes, and other medical conditions. PhysioNet

MIMIC-III: The MIMIC-III (Medical Information Mart for Intensive Care) database
contains de-identified health data associated with over 40,000 critical care patients. It
includes information on demographics, vital signs, laboratory tests, medications, and

more. MIMIC-III

Stanford Health Care Al: Stanford provides access to longitudinal electronic health
record (EHR) datasets that reflect the diversity and complexity of real-world healthcare.
These datasets are useful for developing scalable Al systems. Stanford Health Care Al
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Graphene is an exciting material in the field of brain monitoring due to its unique
properties, such as high conductivity, flexibility, and biocompatibility. Below I explain how
graphene can be used in brain monitoring, along with relevant nanotechnologies to ensure non-

invasive and safe patient monitoring;:
Graphene-Based Brain Implants

Graphene-based implants can be used to monitor brain activity with high precision.
These implants are designed to be biocompatible, meaning they can be safely integrated into
the brain without causing harm. The implants can detect electrical activity across a wide range

of frequencies, including very low frequencies that are often missed by traditional electrodes
Graphene Tattoos

A novel approach involves the use of graphene tattoos, which are ultra-thin, flexible
patches that can be applied to the skin. These tattoos can monitor brain wave activity
continuously with minimal impact on a person’s daily life. They work by detecting electrical

signals from the brain and transmitting them wirelessly to a receiver

Nanotechnology for Non-Invasive Monitoring

Nanotechnology plays a crucial role in enhancing the capabilities of graphene-based

devices. Here are some key technologies:

1. Wireless Transmission: Graphene sensors can be paired with wireless transmission
systems to send data to external devices without the need for wires or invasive

procedures. This allows for continuous monitoring of brain activity in real-time

2. Miniaturized Electronics: Advances in miniaturized -electronics enable the
development of small, lightweight devices that can be comfortably worn by patients.
These devices can process and transmit data efficiently, reducing the need for bulky

equipment

3. Biocompatible Materials: The use of biocompatible materials ensures that the
graphene implants or tattoos do not cause adverse reactions in the body. This is essential

for long-term monitoring and patient safety.

Applications in Healthcare
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Graphene-based monitoring systems can be used to track various brain conditions,

including:

o Migraines with Aura: By monitoring brain activity, these systems can help identify

patterns that precede migraines, allowing for early intervention.

e Microstrokes and Strokes: Continuous monitoring can detect early signs of

microstrokes and strokes, enabling timely medical response.

o Epilepsy: Graphene sensors can detect the onset of epileptic seizures, providing critical

information for managing the condition

Conclusion

Graphene, combined with advanced nanotechnologies, offers a promising solution for non-
invasive brain monitoring. These technologies provide accurate, real-time data without the need

for needles or other invasive equipment, ensuring patient safety and comfort.
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Chapter 4: Results, presenting the findings of the study.

Artificial Intelligence with platform of services — Azure Al, Azure Open Al, Azure Databricks,
Azure Al Foundry, Azure Fabric, Machine Learning, Deep Learning of DBS

I will selectively present results utilizing Information Technology (IT) tools and
methodologies, while also incorporating non-data-driven insights such as intuition and
observability. While observability is a subject of DevOps and can already be incorporated into
large language models (LLMs), machine learning (ML), and neural networks, intuition -
although confirmed by scientists as a factor inherent to every individual - remains challenging

to express through data.
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Azure Al | Content Safety Studio

Safeguard your image content with built-in features

Utilize these abilities to identify damaging content within images or multimodal formats such as memes.
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Run moderation tests on image contents. PREVIEW

Assess the test results with detected
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Implement real-time safety measures in your community

Utilize a real-time monitoring dashboard to constantly supervise your community.

Monitor online activity

Stay on top of your Azure Content Safety
usage with our real-time dashboard and
gain immediate insights.

Try it out

Figure 25 Microsoft Azure AI, OpenAl services platform

Regulatory & Compliance, responsible Al

Create custom categories

Prepare category

To ensure the effectiveness of your model, it's important to provide a clear and concise category definition
and to upload at least 50 positive samples. The training process may take a few hours to complete. Learn

more about Custom Categories feature in Azure Al Content Safety,
Category name * ()

Deep Brain Stimulation results

Category definition * (O

Deep Brain Stimulation with graphene, Vojta method, charge transfer in advanced physics.

Character count: 88/1000

Be sure to articulate a detailed definition for your category because it will not only guide the model
training but also serve as part of the training data itself.

Blob URL * (®
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. ON THIS PAGE
3. View results

Introduction

This content has been Blocked Try it out
+ Rejected by filter in Violence category 1. Select a sample or type your own
2. Test
Category and risk level detection results | 3. view resutts
The content will be annotated as Safe, Low, Medium or High. Next steps
category Severity level Threshold Judgement
Hate Safe Medium Allowed
Violence Medium Medium Blocked
Sexual Safe Medium Allowed
Self-harm Safe Medium Allowed

Figure 26 Governance of responsible Al

In the Results panel, inspect the results. There are four severity levels from safe to high, and
four types of harmful content. Does the Content Safety Al service consider this sample to be
acceptable or not? What's important to note is that the results are within a confidence interval.
A well-trained model, like one of Azure Al's out-of-the-box models, can return results that have
a high probability of matching what a human would label the result. Each time I run a test, |

call the model again.

Cybersecurity in Deep Brain Stimulation

Endpoints and keys

In the Azure Portal, I will see that these are the same endpoint and different keys for my
resource. To check it out, head to the Azure Portal. Search for Content Safety on the top search
bar. Find the resource and click on it. On the left-hand menu, look under Resource
Management for Keys and Endpoints. Select Keys and Endpoints to view the endpoint and

keys for the given resource.
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Note: Due to patent proceedings I shall not show end-to-end solution — just main context.
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Figure 27 Reference to source code of self-developed

integrated with Graphene diodes

Application with neural network integrated with Graphene diodes.

Using graphene in Deep Brain Stimulation (DBS) offers several significant benefits:
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application with neural network

Enhanced Electrical Conductivity - Graphene's exceptional electrical conductivity allows for

more efficient and precise stimulation of neural tissues. This can improve the effectiveness of

DBS treatments, leading to better outcomes for patients.
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High Charge Injection Capacity

Graphene electrodes have a high charge injection capacity, which means they can deliver
electrical signals more effectively without causing damage to the surrounding tissue. This is

crucial for maintaining the safety and efficacy of DBS.
Reduced Impedance

Graphene's low impedance ensures that electrical signals are transmitted with minimal

resistance, enhancing the quality of neural stimulation and recording.
MRI Compatibility

Graphene fiber electrodes exhibit little-to-no artifacts in MRI scans, allowing for full activation
pattern mapping of the brain during DBS. This compatibility is essential for understanding the

neuromodulator effects of DBS and improving treatment strategies.
Flexibility and Biocompatibility

Graphene is highly flexible and biocompatible, making it suitable for long-term implantation
in the brain. Its flexibility allows for better integration with neural tissues, reducing the risk of

inflammation and rejection.
Precision and Stability

Graphene-based neurotechnology provides high precision in sensing and stimulating neural
activity. This stability is critical for conducting high-precision resections while preserving the

patient's functional capacities, such as movement, language, or cognition.

I have used MLflow to train and serve machine learning models in Azure Databricks.

Azure Databricks can be a powerful platform for integrating AI/ML applications with advanced
technologies like Deep Brain Stimulation (DBS), graphene diodes, charge transfer, and the

Vojta method. Here's how these elements can be combined:
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AI/ML on Azure Databricks

Azure Databricks provides a unified environment for developing and deploying AI/ML models.
It supports the entire machine learning lifecycle, including data collection, preparation, model

development, and deploymentl. Key features include:

e Unity Catalog for governance, discovery, versioning, and access control.

e MLflow for tracking model development.

e Mosaic Al Gateway for governing and monitoring access to generative Al models.

e Vector Search for storing and retrieving embeddings, crucial for applications like

recommendation systems and image recognition.

Deep Brain Stimulation (DBS)

DBS involves implanting electrodes in specific brain areas to treat neurological conditions.
AI/ML models can be used to analyze patient data, optimize stimulation parameters, and predict

treatment outcomes. Azure Databricks can facilitate this by:

e Data Analysis: Using Databricks to analyze large datasets from DBS treatments to

identify patterns and optimize therapy.

e Model Development: Developing predictive models to personalize DBS settings for

individual patients.

Graphene Diodes and Charge Transfer

Graphene diodes, particularly Metal-Insulator-Graphene (MIG) diodes, are used in RF
applications due to their high on-current density and work function tunability. Efficient charge
transfer doping of graphene can be achieved using materials like cesium carbonate, which
significantly reduces sheet resistance. Azure Databricks can facilitate the analysis and

optimization of these processes by:

Data Analysis: Using Databricks to analyze experimental data and optimize doping processes.
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Simulation: Running simulations to model the behavior of graphene diodes under different

conditions.

Vojta Method

The Vojta method is a neurological rehabilitation technique that uses reflexive locomotion to

restore motor function. Azure Databricks can support this method by:

e Data Collection and Analysis: Collecting and analyzing patient data to track progress and
optimize therapy.
e Machine Learning Models: Developing models to predict therapy outcomes and

personalize treatment plans.
By leveraging Azure Databricks, there is a possibility to integrate AI/ML with advanced
technologies like DBS, graphene diodes, charge transfer, and the Vojta method, enhancing the

efficiency and effectiveness of the research and clinical applications.

Following steps to have the AI/ML settled down:

e I need an Azure subscription with administrative-level access.

e Provision an Azure Databricks workspace

This experiment includes a script to provision a new Azure Databricks workspace. The script
creates a Premium tier Azure Databricks workspace resource in a region where my Azure
subscription has sufficient quota for the compute cores required in this experiment; it assumes
the user account has sufficient permissions in the subscription to create an Azure Databricks
workspace resource. If the script fails due to insufficient quota or permissions, there is an option

to create an Azure Databricks workspace interactively in the Azure portal.
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Below instructions should be followed:

Use the [>/ button to the right of the search bar at the top of the page to create a new
Cloud Shell in the Azure portal, selecting a PowerShell environment. The cloud shell provides

a command line interface in a pane at the bottom of the Azure portal, as shown here:

.
2 O A Home-Microwoh Awre x +
5 :’/ portalazure.com

= Microsoft Azure Search resources, services, and docs (G+

Azure services

+
.
.E:
- § 0
o
Il
a
A
¥

Type "az" to use Azure CLI
Type "help” to learn about Cloud Shell
is not registered to Microsoft.CloudShell Namespace. Please follow these in

Subscription used to launch your CloudShell lalel|
structions "https://ske.ms/RagisterCloudShell® £o regiscer: in ritire, unragiscered subscriptions will heve restricted sccess to CloudShell service.

Your Cloud Shell session will be ephemeral so no files or system changes will persist beyond your current session.

VERBOSE: Authenticating to Azure ...
VERBOSE: Building your Azure drive ...
PS /home/userl

Figure 29 Results driven test environment setup
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Databricks-managed MLflow
manages the ML model lifecycle

MLflow Model Registry, integrated
Use Mosaic Al to train models or with Unity Catalog, centralizes all
fine-tune foundation models. Al models and artifacts.

2, IV.|o‘deI N e E 4. M_odel
training Registry

1. Feature Store P )
MLflow tracks training by logging

parameters, metrics, and artifacts to
evaluate and compare model

Databricks automated performance.

feature lookups simplifies
integration and reduces
mistakes.

5. Model

6. Monitoring <<—— .
Serving

MLflow automatically captures requests and Model Serving deploys models to a
responses to monitor and debug models. REST API endpoint.

Unity Catalog
Govern all data and Al assets

Cloud Data Lake
All structured and unstructured data

Figure 30 Source: MLflow for gen Al agent and ML model lifecycle - Azure Databricks |

Microsoft Learn

Azure Databricks serves as a distributed processing platform, leveraging the capabilities of
Apache Spark clusters to execute parallel data processing across multiple nodes. Each cluster
comprises a driver node, responsible for coordinating the work, and several worker nodes
tasked with performing processing operations. For the purposes of this experiment, a single-
node cluster configuration will be utilized to minimize the consumption of compute resources
within a constrained lab environment. It is worth noting that in a production setting, it is
standard practice to deploy clusters with multiple worker nodes to enhance processing

efficiency and throughput.
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=

m

C+

Microsoft Azure * databricks

New

] Workspace

) Recents

Catalog

Workflows

» Compute

Marketplace

Dashboards
Genie

Alerts

Welcome to Databricks

a Set up your workspace

Follow this step-by-step guide that walks you through setting up the workspace for yo

Get started [4

sQL Editor =
_ (© Recents ¥r Favorites |~ Popular <> Mosaic Al 8 What's new
Queries

Start your journey

Try the “New" menu, where vou ¢

databricks-ja36etv v " o

ect to data and v

Figure 31 Azure Databrick with ML study of results verification and validation

Explore to use MLflow to train and serve machine learning models in Azure Databricks.

I select Cluster:

In the New Cluster page, create a new cluster with the following settings:

= Microsoft Azure

New

Workspace

Recents

> OB +

Catalog

[*]
o

&

Workflows
&5 Compute

™ Marketplace

sqL

5 saL Editor
[* Queries
i pashboards

[* Genie

o

b

[} H

©W B PEDLOIY

2 databricks

1 Add or upload data

Notebook
Query
Dashboard

Genie space

Job

DLT pipeline
Alert
Experiment
Model

App

a Set up your workspace

dllow this step-by-step guide tha

Get started [

|~ Popular

& Git folder

&% Cluster

(g sSQL warehouse

<> Mosaic Al

t walks you through setting up the workspace for

£ What's new

Start your journey
anu, where you can upload or connect to da
explore it in a notebook or dashboard

o Cluster name: User Name's cluster (the default cluster name)

o Policy: Unrestricted

o Cluster mode: Single Node

o Access mode: Single user (with the user account selected)
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o Databricks runtime version: Select the ML edition of the
version of the runtime (Not a Standard runtime version) that:

»  Does not use a GPU

» Includes Scala > 2.11

» Includes Spark > 3.4
o Use Photon Acceleration: Unselected
o Node type: Standard D4ds v5

o Terminate after 20 minutes of inactivity

= Microsoft Azure databricks

+ New pute » New compute
[ Worspace User-s Cluster 7
Recents
Catalog Performance
Workflows Databricks runtime version
O Compute Runtime: 16.3 ML Beta (Scala 2,12, Spark 3.5.2 v

3 Marketplace .
Use Photon Acceleration G

Node type ©
SQL Edstor
N Standard_D4ds_v5 8 M: : v
Quernies
Dashboards Terminate after 20 minutes of inactivity
% Genie
Create compute Cancel
Alerts
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— Microsoft Azure

-+ New

{1 workspace
(V) Recents
&t Catalog
& Workflows
¢ Compute

@ Marketplace

SO
SOL

£ saL editor
[ Queries
] Dashboards
[* Genie

L) Alerts

Create a notebook

i databricks

Compute

Use_s Cluster

Configuration

Q) search data, notebooks, re

Notebooks (0)

spark.master local[*, 4]
spark.databricks.cluster.profile singleNode

Environment variables ©

No environment variables

Summary
1 Driver 16 GB Me
Runtime 16.3

Standard_D4ds_v5

1 DBU/h

Libraries

Srrary
emory,

model, so the first step is to create a new notebook in the workspace.

1.

In the sidebar, use the (+) New link to create a Notebook.

4 Cores

X-cpu-mi-scalaz2.12

Event log

Spark Ul

I am going to run code that uses the Spark MLLib library to train a machine learning

2. Change the default notebook name (Untitled Notebook /date]) to MLflow and in

Ingest and prepare data

the Connect drop-down list, select the cluster if it is not already selected. If the cluster
is not running, it may take a minute or so to start.

The scenario for this exercise is based on observations of brain stroke and migraine with aura

Infants and Seniors analytical measurements taken from my family members.
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< O )  https//adb-3830451763323516.16.azuredatabricks.net/compute/clusters/0322-185011-18vdvhea?o=3830451763323516

= Microsoft Azure &3

databricks

1 Add or upload data

Q search data, notebooks, recents, and more. CTRL + P

databricks-ja3betv v

+ New
{0 Workspace 0 Notebook uster ® &
(O Recents [» Query Libraries  Eventlog  SparkUl  Driverlogs  Metrics  Apps  Spark compute Ul - Master
dh Catalog M Dpashboard a
ngleNode
& Workflows [* Genie space
& Compute
& Job
% Marketplace
Ty DLT pipeline
sal 0L Nert
& sau editor A Experiment
[® Queries % Model viemory, 4 Cores
[ Dashboards B miscln2 12
@ o spu-mi-scals2 12
[* Genie k
- Pr— s .
= Microsoft Azure & databricks Q search data, notebooks, recents, and more. CTRL+P databricks-ja3éetv v * o
+ New Untitled Notebook 2025-03-22 12:01:24  Pythonv ¢
» Runall ® Connect v Schedule Loy
File Edit View Run Help Last edit was now
{0 workspace
Recent resources -
© Bacwts - . 19619117 Clu .
User1-49619117's Cluster DER 163 ML Beta =
& Catalog =] A a
% Workflows a v Start typing or generate with AI (Ctrl More... o
& Compute & Create new resource... o
3 Marketplace [shiftegnter] to run and move to next cell
[Ctrleshi h
< Esc W
& saL editor
[* Queries
[ Dashboards P
[ Genie
L Alerts v
= Awre € datab Q) Seaich data, notebooks, recents, and more... CTRL4P databricks-jazsetv 4 (@)
+ New MLflow honv ¢
Lflow Pn » Runall @ Connectv  Schedule -
File Edit View Run Help Last edit was 1 minute ago
{1 workspace
a
() Recents E] @
& catalog o u 1 Pthon O ¢ I 3 a
2 Workllows A v Start typing or generate with AI (Ctrl + I)... o
oo
Compute
S e pS ®
1 Marketplace r] to run and move to next cell
open the command palette ‘h
o [Esc H] to see all keyboard shortcuts
E saL editor
[® Queries
£ Dashboards %
% Genie
L) Alerts v 2]
= ENG 1202 PM
R P m Q@ g a g A ls e s

In the first cell of the notebook, enter the following code, which uses shell commands to

download the patients data from GitHub into the file system used by the cluster.

bash

%sh
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rm -r /dbfs/mlflow_lab
mkdir /dbfs/mlflow_lab

wget -0

https://raw. githubusercontent.co_

databricks/main/data/patients.csv

/dbfs/mlflow_lab/patients.csv

= Microsoft Azure & databrici = Q Search data, notebooks, recents, a... CTRL + P databricks-jazéetvv  $° 0

+ New MLflow Pythonv ¥¢
File Edit View Run Help Last edit was 1 minute ...

> [ ] Schedule

{1 workspace
© Recs @ ]
OAD Catalog = v/ 1 minute ago (4s) 1 i
& Workflows & %sh
rm -r /dbfs/mlflow_lab
S Compute & mkdir /dbfs/mlflow_lab
wget - s/mlflow_lal .csv https://raw.githubusercontent.
@ Marketplace 0 /dbfs/mlflow_lab h // githubu
com, databricks/main/data .CSV
saL rm: cannot remove ‘'/dbfs/mlflow_lab': No such file or directory
E sQL Editor --2025-03-22 19:06:43-- https://raw.githubuserco_Learnin
g/ms1earn-databricks/main/data-csv
[ Queries Resolving raw.githubusercontent.com (raw.githubusercontent.com)... 185.199.
m Dashboards 111.133, 185.199.108.133, 185.199.110.133, ...
Connecting to raw.githubusercontent.com (raw.githubusercontent.com)|185.19
% Genie 9.111.133|:443... connected.
Q Al HTTP request sent, awaiting response... 200 0K

MLflow Pythonv
File Edit View Run Help Last edit was 6 minutes..

> fad Schedule

9.111.133|:443... connected.
HTTP request sent, awaiting response... 2@@ OK

Length: 9533 (9.3K) [text i
0 Saving to: “/dbfs/mlflow_| csv’

&

o K urnnn.. 100% 2.63M=0.
003s

¢
2025-83-22 19:06:43 (2.63 MB/s) - ‘/dbfs/mlflow__csv’ saved [95
33/9533]
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Now I prepare the data for machine learning. Under the existing code cell, use the + icon to add

a new code cell. Then in the new cell, enter and run the following code to:

e Remove any incomplete rows
e Apply appropriate data types
e View a random sample of the data

o Split the data into two datasets: one for training, and another for testing.
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=

5 run_app_entrypointsh X

data

display(data.sample(0.2))

1t("Training Rows:", t

Run an MLflow experiment

MLflow allows for the execution of experiments that monitor the model training process and
log evaluation metrics. The capability to record specific details of model training runs is highly

beneficial in the iterative development of effective machine learning models.

fStandard libraries and techniques can be employed to train and evaluate a model, such as Spark
MLLib, within the framework of an MLflow experiment. This approach incorporates additional

commands to log crucial metrics and information throughout the process.
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= Microsoft Azure < databricks Q) search data, notebooks, recents, and more... CTRL+ P databricks-jazeetv+  &° ({f)
+ New honv Yy
:lﬂ:\: \:ﬂ fun Help  Lastedit » Runall ® User1-49619117's Clus... v Schedule ~
e iew n ast edit was now
{1 workspace — .
(© Recents &l . - 2 Phon O ¢ I § 2]
. - Trom pyspark.sql.types import =
oo Catalog =} from pyspark.sql.functions import * 4
& Workflows a :
o # Load the data o
& Compute & data = spark.read.format("csv").option(“header”, "true").load("/mlflow_lab/patient_data.csv") o
) Marketplace
# Select and transform the relevant columns (1Y
saL data = data.dropna().select(col("PatientID").astype("string"),
col("Age").astype("float™),
B saL editor col("Gender™).astype("string"),
™ Queries col("StrokeSeverity”).astype("float™),
- col("MigraineAuraFrequency”).astype("float"),
Ei Dashboards col("RecoveryTime").astype("float™), ®
[* Genie col("Weight™).astype("float™),
col("Diet").astype("string"), )
L Merts col("SpineDisease”).astype("string"), M
| ENG 1224 PM
# e mOTC@@E ~ s O ymams
&« C 3 https//adb-3830451763323516.16. ick or/r yoks/14899643244868470=3830451763323516#command/6411963828630.. A 1% = - O
= Microsoft Azure &4 databricks Q Ssearch data, notebooks, recents, and more... CTRL+P databricks-ja3etv v <° o
4 New Pythonv ¥t
:Lﬂ;‘: VW B » Runall ® User1-49619117's Clus... v Schedule -~
ile n Last edit was now
{0 workspace =
(@ Recents ] - 2 Phon @ ¢ (1 i @
€OL| Kecoveryiime ).asType( Ti0atT ),
& Catalog O col("Weight*).astype("float"), 4
% Workflows iz col("Diet").astype("string"), o
o col("SpineDisease®).astype("string"),
& Compute & col("NeurologyDisease”).astype("string"), “ ®
@ Marketplace col("HeartDisease").astype("string”),
col("Pressure”).astype("float"), “
col("Cancer”).astype("string"),
SO, col("Glucose™).astype("float"),
& saL editor col("OtherParameters”).astype("string”)
™ Querk )
[ Dashboards # Display a sample of the data "
C* Genie display(data.sample(9.2))
=]
L Alerts # Split the data into training and testing sets .
- ENG 1224 PM
oo w D L@@ E us &P 32200
& G (3 nhttps;//adb-3830451763323516.16.azuredatabricks.net/editor/notebooks/ 14899643244868420=3830451763323516#command/6411963828630... A 7 = e o
= Microsoft Azure ¢ databricks Q search data, notebooks, recents, and more... CTRL+P databricks-ja3eetv >  &° o
+ New MLFl Pythonv  ¥r
- U :’:’ “ & Help » Runall ® User1-49619117's Clus... v Schedule ~
e iew  Run Last edit was now
{1 workspace =
O e E] (> -] 2 Phon T ¢ I % [}
&b Catalog o] # Display a sample of the data a
display(data.sample(@.2))
& Workflows & 7o)
<> Compute & # Split the data into training and testing sets ©
splits = data.randomSplit([e.7, ©.3])
Marketplace
a8 2 train = splits[e] [y
test = splits[1]
sQL
; # Print the number of rows in each set
B saL editor
» print(“Training Rows:", train.count(), " Testing Rows:", test.count())
» Queries
[ Dashboards # Run an MLflow experiment %®
import mlflow
® carsi
=] import mlflow.spark =2
L Alerts from pyspark.ml import Pipeline v

B o wODEEC®E
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LS

) https;//adb-3830451763323516.16. i ditor/r

= Microsoft Azure & databricks

+ New

{0 workspace
(@ Recents
b Catalog
& Workflows
& Compute
 Marketplace

saQL

[ saL editor
[ Queries
[ Dashboards
[* Genie

L Alerts

MLflow Python v

File Edit View Run Help

@ = 2

/14899643244868470=3830451763323516#command/6411963828630... A 1y =
Q Search data, notebooks, recents, and more... CTRL+P databricks-ja36etv v
-4
» Runall ©® User1-49619117's Clus... v Schedule

Last edit was 1 minute ago

pthon O ¢ 03

[ from pyspark.ml.classification import LogisticRegression

from pyspark.ml.evaluation import MulticlassClassificationEvaluator
& import time
< # Start an MLflow run

= Microsoft Azure &2 databricks

+ New

{1 Workspace
© Recents
&b Catalog
& Workflows
&> Compute
3 Marketplace

saL
B sqL editor
[ Queries
EH Dashboards
[* Genie

MLflow Python v

File Edit View Run Help

B = 2

s ]

8

= Microsoft Azure ¢ databricks

saL

B3 saL editor
[™ Queries
E Dashboards
[* Genie

L Alerts
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Q search data, notebooks, recents, and more... CTRL+ P databricks-ja36etv v
Pythonv ¥
MLﬂOW . » Runall ® User1-49619117's Clus... v Schedule
File Edit View Run Help Lasteditwas2 minutesago
&) (> -] 2 pon @ ¢ 3

o}

8

with mlflow.start_run():

catFeature = "Gender"
numFeatures = [“Age", "StrokeSeverity”, "MigraineAuraFrequency”, "RecoveryTime", "Weight", "Pressure”, “Glucose”]

# parameters
maxIterations = 5
regularization = @.5

# Define the feature engineering and model steps
catIndexer = StringIndexer(inputCol=catFeature, outputCol=catFeature + “"Idx")

B oo mOWE®HE »

Q Search data, notebooks, recents, and more... CTRL + P

*

» Runall ® User1-49619117's Clus... v Schedule

Last edit was 1 minute 3go
pthon O ¢ 03

# Define the feature engineering and model steps

catIndexer = StringIndexer(inputCol=catfeature, outputCol-catFeature + "Idx")

numVector = VectorAssembler(inputCols=numFeatures, outputCol="numericFeatures")

numScaler = MinMaxScaler(inputCol=numVector.getOutputCol(), outputCol="normalizedfeatures”)
featureVector = VectorAssembler(inputCols=["GenderIdx”, “"normalizedFeatures”], outputCol="Features")
algo = LogisticRegression(labelCol="StrokeSeverity”, featuresCol="Features”, maxIter-maxIterations,
regParam-regularization)

# Chain the steps as stages in a pipeline
pipeline = Pipeline(stages=[catIndexer, numVector, numScaler, featureVector, algo])

# Log training parameter values

print("Training Logistic Regression model...")
mlflow.log_param(‘maxIter’, algo.getMaxIter())
mlflow.log param('regParam’, algo.getRegParam())

. 0 search

MLT1OW.10g_param( regvaram , aigo.getxegraram())
model = pipeline.fit(train)

# Evaluate the model and log metrics
prediction = model.transform(test)
metrics = ["accuracy”, "weightedRecall”, "weightedPrecision”]
for metric in metrics:
evaluator = MulticlassClassificationEvaluator(labelCol="StrokeSeverity”, predictionCol="prediction”,
metricName=metric)
metricValue = evaluator.evaluate(prediction)
print("%s: Xs" X (metric, metricValue))
mlflow.log metric(metric, metricValue)

# Log the model itself
unique_model_name = “"classifier-" + str(time.time())
mlflow.spark.log model(model, unique model name, mlflow.spark.get default conda env())

(=

databricks-ja3cetv v

]

(0]

®
s

1225 PM
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databricks-ja36etv v 0 0

= Microsoft Azure databricks Q
+ New MLflow Pythonv ¥t
» Runall ® User1-49619117's Clus... v Schedule
File Edit View Run Help
{1 workspace 1
Recents : B e
Catalog O metricValue = evaluator.evaluate(prediction) =

metric, metricvalue))
Workflows ) mlflow.log met metric, metricvalue) ks
Compute
Marketplace time
1, unigque_: me, mlflow.spark.get default _conda_e )

unique_model

sqL Editor mlflow.spark.save_model(model, mod
" Queries printl*Experiment complete.
Dashboards |

Create a function

In machine learning projects, data scientists often try training models with different parameters,
logging the results each time. To accomplish that, it's common to create a function that

encapsulates the training process and call it with the parameters I want to try.

In a new cell, run the following code to create a function based on the training code I have used

previously

code browsing. Trust this window to enable all features, Manage  Learm More

114|Page



prediction =
metrics =

for metric
evaluator = tor(labelCol=labelCol, predictionCol="prediction", metricName=metric
metricVal

print("Experiment run complete.”

catFeature =
numFeatures =
labelCol = "

51  train_and_evaluate_model(data, catFeature, numFeatures, la

I have used the train_and evaluate model to train and evaluate the dataset with MLflow. Adjust

parameters as needed.

And test the solution

python

train_patients_model(train, test, 10, 0.2)

Register and Deploy a Model with MLflow

In addition to tracking details of training experiment runs, I can use MLflow to manage the
machine learning models I've trained. I've already logged the model trained by each experiment

run. I can also register models and deploy them so they can be served to client applications.

Note: Model serving is only supported in Azure Databricks Premium workspaces and

is restricted to certain regions.

v" View the details page for the most recent experiment run.
v Use the Register Model button to register the model that was logged in that
experiment and when prompted, create a new model named Patient DBS

Predictor.
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v" When the model has been registered, view the Models page (in the navigation
bar on the left) and select the Patient DBS Predictor model.
v In the page for the Patient DBS Predictor model, use the Use model for

inference button to create a new real-time endpoint with the following settings:
e Model: Patient DBS Predictor
e Model version: 1
e Endpoint: predict-patient
e Compute size: Small

The serving endpoint is hosted in a new cluster, which may take several minutes to create.

When the endpoint has been created, use the Query endpoint button at the top right to open an
interface from which I can test the endpoint. Then in the test interface, on the Browser tab,
enter the following JSON request and use the Send Request button to call the endpoint and

generate a prediction.

"dataframe records": [

"Gender": "Female",

"Age": 65,

"StrokeSeverity": 3.5,

"MigraineAuraFrequency": 2,

"RecoveryTime": 180,

"Weight": 70,
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"Pressure": 120,

"Glucose": 5.6

Experiment with a few different values for the patient features and observe the results that are

returned. Then, close the test interface.

Machine Learning with Azure Databricks

Train a deep learning model

In this exercise, I'll use the PyTorch library to train a deep learning model in Azure Databricks.
Then I'll use the Horovod library to distribute deep learning training across multiple worker

nodes 1in a cluster.

Optimizing Deep Learning Models Using Azure Databricks

Introduction
This study investigates the use of Azure Databricks for optimizing deep learning model training.
By leveraging the combination of PyTorch and Horovod libraries, this research aims to provide
a comprehensive guide on how to effectively distribute deep learning training across multiple

worker nodes, ensuring efficiency and scalability.
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Experimentation and Results
I began by experimenting with various patient features to observe the impact of different values
on model performance. The key metrics utilized in these experiments included "Weight,"

"Pressure," and "Glucose."

Patient Features

e  Weight: 70
e Pressure: 120
e Glucose: 5.6

Deep Learning Model Training
Building on the initial experiments, [ used the PyTorch library within Azure Databricks to train
a deep learning model. PyTorch's flexibility and ease of use enabled efficient model

construction and training.

Horovod for Distributed Training
After establishing the model architecture, I utilized the Horovod library to distribute the training
process across multiple worker nodes in the cluster. Horovod's seamless integration with
Databricks allowed for parallel computation, significantly reducing training time and enhancing

model accuracy.

Conclusion of researches
My research highlights the potential of Azure Databricks in optimizing deep learning model
training through its robust infrastructure and integrated libraries. The combination of PyTorch
and Horovod offers a powerful solution for scaling deep learning tasks, providing valuable
insights for future applications in machine learning and artificial intelligence in DBS - Deep

Brain Stimulation.
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It is recommended to sustain own code in highly secured environment — like for example Git

or GitHub, any other change control and version control code repository.

After the repo has been cloned, enter the following command to run the setup.ps1 script, which

provisions an Azure Databricks workspace in an available region.

Microsoft Azure £ Search resources, services, and docs (G+/) O Copilot

a
Azure services b
y @ )
_I_ % o) gus (@ | (& = .
B,' New session £ 7 editor 5 web preview *°° - f X

& switch to Bash C' Restart @ Manage files ™

Starting script at ©3/22/2025 19:50:39
Registering resource providers...
icrosoft.Storage : Registered
icrosoft.Compute : Registering
icrosoft.Databricks : Registering
Preparing to deploy. This may take several minutes...

rying westus. ..
of 350 cores in use.

reating msl-e5iawul resource group ...
reating databricks-e5iawul Azure Databricks workspace in msl-eS5iawul resource group...

Create a cluster

Azure Databricks uses Apache Spark clusters to process data in parallel across multiple nodes.
Each cluster has a driver node for coordination and worker nodes for processing. For this

exercise, I'll create a single-node cluster to use fewer resources. In production, I'd usually have

multiple worker nodes.
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P Search resources, services, and docs (G+/)  Copilot

&
Azure services i

+ # e B B @ = .
Web preview “** — 7 X

Lo

2 Switch to Bash ¢ Restart @ Manage files ™ EI New session _-;‘: Editor

btarting script at ©3/22/2025 19:50:39
egistering resource providers...
icrosoft.Storage : Registered
icrosoft.Compute : Registering
icrosoft.Databricks : Registering
reparing to deploy. This may take several minutes...
rying westus. ..
of 350 cores in use.
reating msl-e5iawul resource group ...
reating databricks-e5iawul Azure Databricks workspace in msl-eS5iawul resource group...
bcript completed at ©3/22/2025 19:55:39
bS /home/user1-49620273> ||

= Microsoft Azure £ Search resources, services, and docs (G+/)

;) msl-eSiawul < =

+ Create Manage

v  Essentials

Resources Recommendations

Type equals all > Location equals all b add fier

] name t Type T4 Location T

[ stabricks-e5iz Azure Databncks Service
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Creating the cluster:

= Microsoft Azure < databricks Q Search data, notebooks, recents, and more
+ New ompute » New compute
] Workspce Agnieszka Mietz-Blijleven Cluster 7
(O Recents Policy ©
o Catalog Unrestricted v
& Workflows
Multinode @ Single node’
O Compute
Access mode (O Single user ackess ©

M Marketplace

Singleuser v :
£ saL Editor Performance
[N Queries Databricks runtime version ©
[ Dashboards Runtime: 16.2 (Scala 212, Spark 35.2) v
o B

Create compute Cancel
0 Alerts

Adjusting for deep training model parameters

= Microsoft Azure % databricks Q) search data, notebooks, recents, and more.

New

Workspace

+
Eil]

(© Recents
& Catalog
& workflows
& Compute

™ Marketplace

[ saL editor
[ Queries
EH Dashboards
[* Genie

L Alerts

Compute > New compute
Agnieszka Mietz-Blijleven Cluster #

Performance
Databricks runtime version ©

Runtime: 16.2 (Scala 2.12, Spark 3.5.2) ~

Use Photon Acceleration (O

Node type ©

Standard_D4ds_v5 16 GB Memory, 4 Cores | v
Terminate after 20 minutes of inactivity @
Tame M

Create compute Cancel

CTRL + P

databricks-eSiawul v &° o

Ul | JSONa

databricks-eSiawul v ¢* o

Off course for more advanced ML models we have to have much more storage capacity than

taken for sampled data:
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= Microsoft Azure % clatabricks Q Search data, notebooks, recents, and more CTRL + P databricks-esiawul v < ()

T New Compute » New compute

Agnieszka Mietz-Blijleven Cluster #

{1 workspace
Recents Automatically added tags a

S Catalog

= Workflows » Advanced options

< Compute

@ Marketplace Summary

1 Driver

— y Runtime
] SQL Editor
. § Standard_D4ds_v5 1 DBU/h
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To repeat an experiment on deep learning level I had to prepare the data for machine learning.
Under the existing code cell, use the + icon to add a new code cell. Then in the new cell, enter

and run the following code to:

e Remove any incomplete rows
e Encode the (string) island name as an integer
e Apply appropriate data types
e Normalize the numeric data to a similar scale

o Split the data into two datasets: one for training, and another for testing.
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To handle advanced parameters related to NLP, neurons, brain strokes, brain migraine with
aura for infants and seniors, organism parameters (blood, pressure, EEG, MR), brain disease

symptoms, charge transfer, Vojta method, and graphene diodes for deep brain stimulation:

= Microsoft Azure & databricks Q Searchc cent TRL + P databricks-eSiawul v &* o
+ New Deep Learning DBS Agnieszka Mietz-Blijleven 2025... #ythonv %

P ng 9 J » Run all ® Agnieszka Meetz-Slilev... v Schedule ~

File Edt View Run Help 1 edit

0 workspace 3075-0%-33 3 S /abts 'dee;-!_hb-.(-..' saved [9533/9533] -
(D Recents E] =
éh catalog O a
& Workflows & > 2 l 0]
<> Compute X python ®
7 Mark from pyspark.sql.types isport

from pyspark.sql.functions import * 30\
from sklearn.model_selection import train_test_split

&) SQL Editor # Load the data, removing any incomplete rows
o 5 df = spark.read.formst("csv”).option("header®, “true”).load("/deepal lab/patient data.csv”).dropna()
EH Dashboards # Encode categorical features with integer indexes %
C* Genie categorical_features = ["Gender”, "Diet”, "SpineDisease”, “MeurologyDisease”, "HeartDisease™, "Concer”,
= "OtherParameters”™) )
L Alerts indexers = [StringIndexer(inputCol=feature, outputCol=festure + "Idx") for festure in categorical features)] v
- ENG 1T PM
~
B P @O & e |8 & vs &P 300
= Microsoft Azure 2 databricks Q@ search data, notebooks, recents, and more. CTRL+ P databricks-eSiawul v $° o
+ New Deep Learning DBS Agnieszka Mietz-Blijleven 2025... Pythonv ¥
P 9 9 J » Runall ® Agnieszka Mietz-Blijlev... v Schedule ~
File Edit View Run Help Lastedit was 1 minute ago
{0 workspace
a
2
(© Recents E] » & @
du Catalog i} # Define numerical features a
2 Workfiows & numerical_features = ["Age”, "StrokeSeverity", "MigraineAuraFrequency”, "RecoveryTime", “Weight", "Pressure”, o
“Glucose”, "EEG", "MR", "ChargeTransfer”, "GrapheneDiodes"]
& Compute
& < ) o)
™ Marketplace # Apply feature engineering
pipeline = Pipeline(stages=indexers) [}
= df = pipeline.fit(df).transform(df)
SQL
5 saL editor # Select and transform the relevant columns
o data = df.select([col(feature + “Idx").astype("float") for feature in categorical_features] +
= [col(feature).astype(“float") for feature in numerical_features] +
H Dashboards [col("strokeSeverity").astype("float").alias("Label")]) ®
[* Genie
# Oversample the dataframe to triple its size (Deep learning techniques like LOTS of data)
0 Alerts for £ dn venwe(ls ) 2t
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Microsoft Azure &4 databricks

Q search data, notebooks, recents, and more... CTRL + P

Deep Learning DBS Agnieszka Mietz-Blijleven 2025... Python~ %

B P N 9 Ag B ’ » Run all ® Agnieszka Mietz-Blijlev... v Schedule
File Edit View Run Help Lasteditwas 1 minute ago
&} > 2 Pthon O & I3
- |€OL| 3Troxkeseverity ).asType| T1O8T ).ailas{ Laoei ]}
ry # Oversample the dataframe to triple its size (Deep learning techniques like LOTS of data)

for i in range(1, 3):

& data = data.union(data)

Microsoft Azure < databricks

# Split the data into training and testing datasets
features - [feature + "Idx" for feature in categorical_features] + numerical_features
label = ‘Label"

# Split data 70%-30X into training set and test set

x_train, x_test, y_train, y_test = train_test_split(data.toPandas()[features].values,
data.toPandas()[label].values,
test_size=0.30,
random_state=8)

databricks-eSiawul v

+ 0

i e

Q Search data, notebooks, recents, and more... CTRL +P databricks-eSiawul v $° °
i i ietz-Blij v A e =
Peep !.earplng DBS Agnieszka Mietz-Blijleven 2025...  Python > Funal | | ® Aguiestia Mietz-ojev.. v | | Schedule R
File Edit View Run Help Lasteditwas 1 minute ago
a > v 2 o G ¢ 338 YO
180e1 = Laper

o a
i # Split data 70%-30% into training set and test set o
- x_train, x_test, y_train, y_test = train_test_split(data.toPandas()[features].values,
& data.toPandas()[label].values, ®

test_size=0.30,
random_state=0)

print(‘Training Set: X%d rows, Test Set: %d rows \n' % (len(x_train), len(x_test)))

# Run an MLflow experiment

import mlflow

import mlflow.spark

from pyspark.ml import Pipeline

from pyspark.ml.feature import VectorAssembler, MinMaxScaler
from pyspark.ml.classification import LogisticRegression

Q search data, notebooks, recents, and more... CTRL + P databricks-eSiawul v & 0
Deep Learning DBS Agnieszka Mietz-Blijleven 2025... v %
} i ' X 9 g ] Extbon » Runall ® Agnieszka Mietz-Blijlev... v Schedule A
File Edit View Run Help Lastedit was 2 minutes ago
-
B RV 2 Phon O ¢ I3 i @
PrinT( ITAINING SET: A0 rOWS, (EST SET: A0 rOWS \N A (IEN(X_Train), ien(x_Test)))
=1 a
A # Run an MLflow experiment )
o import mlflow
& import mlflow.spark ©
from pyspark.ml import Pipeline
from pyspark.ml.feature import VectorAssembler, MinMaxScaler [}
from pyspark.ml.classification import LogisticRegression |
from pyspark.ml.evaluation import MulticlassClassificationEvaluator
import time
def train_and_evaluate model(data, features, label, maxIterations=5, regularization=.5):
# Start an MLflow run 3
with mlflow.start_run():
# Define the feature engineering and model steps ]
numVector = VectorAssembler(inputCols=features, outputCol="numericFeatures") >
- ENG 119 PM
i e m O LCBE A us F o s



Microsoft Azure - databricks

o New. . . oty Bl S A
peep g.earplng DBS Agnieszka Mietz-Blijleven 2025...  Python > funatl | [ @ Agniestia Mietz-Biev.. ~ e
File Edit View Run Help Lastedit was 2 minutes 3o
{0 workspace
@© Recents E] L 4
éb Catalog o def train_and_evaluate_model(data, features, label, moxIterations=S, regularizationso.s):
% Workflows a # Start an MLflow run
= with mlflow.start_run():
& Compute & # Define the feature engineering and model steps
 Marketplace numVector = VectorAssembler(inputCols=features, outputCol="numericFeatures")
numScaler = MinMaxScaler(inputCol=numVector.getOutputCol(), outputCol="normalizedFeatures")
featureVector = VectorAssembler(inputCols=["normalizedfeatures”], outputCol="Features")
S algo = LogisticRegression(labelCol=label, featuresCol="Features", maxIter=maxIterations,
E saL editor regParam-regularization)
2
B # Chain the steps as stages in a pipeline
i Dashboards pipeline = Pipeline(stages=[numVector, numScaler, featureVector, algo])
[ Genie
# Log training parameter values
L Alerts print(“Training Logistic Regression model...")
= Microsoft Azure & databricks Q) Search data, notebooks, recents, and more... CTRL+ P databricks-eSiawul v
e " . b Bl " Sk
l:_)eep I_.ear_nmg DBS Agnieszka Mietz ﬁluleven 2025...  Python » runall || ® Agriescks Mietz-Biev.. ™
File Edit View Run Help Last edit was 2 minutes ago
{0 workspace
(@ Recents E] . =
PipeLine = F1pEllne(STAGES=|NUANECTOr, NUMSCALEr, TEAaTUrevector, 81go))
& Catalog O
a Workflows a # Log training parameter values
o print(“Training Logistic Regression model...")
> Compute & mlflow. log_param('maxIter’, algo.getMaxIter())
@ Marketplace mlflow. log_param('regParam’, algo.getRegParam())
model = pipeline.fit(train)
e # Evaluate the model and log metrics
[ saL editor prediction = model.transform(test)
N metrics = [“accuracy”, "weightedRecall”, "weightedPrecision”]
m e for metric in metrics:
[ Dashboards evaluator = MulticlassClassificationEvaluator(labelCol-label, predictionCol-"prediction”,
C* Genie metricName=metric)
metricValue = evaluator.evaluate(prediction)
L Alerts print("%s: %s" % (metric, metricvalue))
Microsoft Azure ¢ databricks Q Search data, notebooks, recents, and more... CTRL + P databricks-eSiawul v
+ New Deep Learning DBS Agnieszka Mietz-Blijleven 2025... pythonv %
i - g DBS Ag Mietz-Blijle 02 » Runall ® Agnieszka Mietz-Blijlev... v Schedule
File Edit View Run Help Last edit was 2 minutes ago
{1 workspace
® [ ] > 2
¥ £valuate Tne mOGE:l and 10g METrics
&b Catalog O prediction = model.transform(test)
& Workflows & metrics = [“accuracy”, "weightedRecall”, "weightedPrecision”]
for metric in metrics:
& Compute & evaluator = MulticlassClassificationEvaluator(labelCol=label, predictionCol="prediction”,
 Marketplace metricName=metric)
metricValue = evaluator.evaluate(prediction)
print("%s: ¥s" %X (metric, metricvalue))
SCt. ulflow.log metric(metric, metricValue)
& sau editor
iy # Log the model itself
r’\' unique_model_name = "classifier-" + str(time.time())
EJ Dashboards mlflow.spark.log_model(model, unique_model _name, mlflow.spark.get default_conda_env())
C* Genie modelpath = “/model/%s" %X (unique_model_name)
mlflow.spark.save_model(model, modelpath)
L Alerts
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= Microsoft Azure - databricks Q Ssearch data, not d more CTRL + P databricks-eSiawul v $° °
+ New Deep Learning DBS Agnieszka Mietz-Blijleven 2025... honv ¥4
P 9 9 e Jieve 2 s » Runall ® Agnieszka Mietz-Blijlev... v Schedule ]
File Edit View Run Help Lastedit was 3 minutes ago
{0 workspace
-~
(© Recents E] o 2 @

MLT1OW. 108 METr1C(METr1iC, MeTricvaiue)

$b Catalog O a4

9

o # Log the model itself
& Workflows & s ._ PO X Ao 9
unique_model_name = "classifier-* + str(time.time())
& Compute > mlflow.spark.log model(model, unique_model _name, mlflow.spark.get_default_conda_env()) ©
& Marketplace modelpath = "/model/¥s" % (unique_model_name)
G mlflow.spark.save_model(model, modelpath) ih
N print("Experiment run complete.")
[ st editor
# Example usage
[ Queries
- train_and_evaluate_model(data, features, label)
EH Dashboards -

And execute:

Deep Learning DBS Agnieszka M...  Python v

File Edit View Run Help Lastedit was 1 minute ...

° &
= v/ Justnow (13s) 2 :

o print ('Training Set: %¥d rows, Test Set: %d rows \n' % (len
(x_train), len(x_test)))

@ Schedule

A
- » (7) Spark Jobs
< v B3 data: pyspark.sql.dataframe.DataFrame

U= EY

&' » B df_indexes: pyspark,scl.dataframe.Dat_lc.ng] o

Training Set: 957 rows, Test Set: 411 rows

& | @

Install and import the PyTorch libraries
PyTorch is a framework for creating machine learning models, including deep neural networks
(DNNs). Since I plan to use PyTorch to create my penguin classifier, I'll need to import the
PyTorch libraries I intend to use. PyTorch is already installed on Azure databricks clusters with
an ML Databricks runtime (the specific installation of PyTorch depends on whether the cluster
has graphics processing units (GPUs) that can be used for high-performance processing via

cuda).
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The code to include PyTorch for creating machine

networks (DNNs):

import
import
import
from

categorical_features

indexers tringIndexer

numerical_features

pipeline
df

("header",

inputCol=featur

[col(feature +

[col(featur

[col

i
data

od Mode X)

feature +

rint('Training Set: %d rows,

X_train_tensor e
y_train_tensor y
x_test_tensor

test_tensor
train_dataset

test
train_loader

dataset
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test
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learning models, including deep neural

deepml_lab/patient_data

feature

for feature in categorical_features] +
for feature in numerical_features] +

alias ]

features
pELT)

(data.toPandas
data.toPandas




features = feature
label =

x_train, x_test, y in, y_tes . sst_split(data.toPandas()[features].values,
data.toPandas label].values,
test_si 3
random_:

print('Training Set: %d rows, Test Set: %d rows \n’ len(x_train

x_train_tensor = t tensor(x_train,
y_train_tensor = t te (y_train,
x_test_tensor = torch.tensor(x_test,
y_test_tensor = torch.tensor(y_test,

train_dataset r t t(x_train_tensor,
test_dataset = TensorDataset(x_test_tensor,
train_loader er(train_dataset,
test_loader = aloader(test_dataset,

X @ Restricted Mode

(nn.Module)
def t__(self,
super (NeuralNetwork, _init__()
self.fcl ar(input_size,
self.fc2 (128, 64)
self.fc3 (64, 1)

input_siz n(feature
model Network(input
criterion Q)

optimi t dam(model.parameters(), lr=e

num_epochs
for epoch
model.train()
x_batch,
optimizer
outputs
loss te (outputs,
loss.backward()
optimizer.step()
print(f'Epoch [{epoch+1}/{num_epochs}], Loss: {loss.item():.4f}")

model.eval()
with torc o_grad()
test_loss = @
for x_batch, y_batch in test_loader:
outputs (x_batch)
loss = crite (outputs,
test_loss += loss.item()
print(f'Test Loss: {test_loss / len(test_loader):.4f
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with torch.no_grad(

import mlfloi
import ml

def train_and_evaluat

mlflow.log_param('num_epochs',
mlflow.log_param('learning_rate

unique_model_name =

m1flow.pytorch.log_mod

modelpath = " (unique
mlflow.pytorch.save_model(model, modelpath)

print("Experiment run complete.")

train_and_evaluate_model(data, feat

In this code:

e PyTorch: was used to create and train a neural network model.
e C(Categorical features: Gender, Diet, SpineDisease, NeurologyDisease, HeartDisease,
Cancer, OtherParameters.

e Numerical features: Age, StrokeSeverity, MigraineAuraFrequency, RecoveryTime,
Weight, Pressure, Glucose, EEG, MR, ChargeTransfer, GrapheneDiodes.
e Label: StrokeSeverity.

What is needed - to adjust the column names and data types based on the specific dataset and

requirements.

Create data loaders
PyTorch makes use of data loaders to load training and validation data in batches. We've
already loaded the data into numpy arrays, but we need to wrap those in PyTorch datasets (in
which the data is converted to PyTorch fensor objects) and create loaders to read batches from

those datasets.
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# Install and import the PyTorch libraries

import torch

import torch.nn as nn

import torch.optim as optim

from torch.utils.data import DatalLoader, TensorDataset
import mlflow

import mlflow.pytorch

# Load the data, removing any incomplete rows
df = spark.read.format("csv").option("header",
"true").load("/deepml lab/patient data.csv'").dropna()

# Encode categorical features with integer indexes

categorical features = ["Gender", "Diet", "SpineDisease", "NeurologyDisease",
"HeartDisease", "Cancer", "OtherParameters"]

indexers = [StringIndexer(inputCol=feature, outputCol=feature + "Idx") for feature in
categorical features]

# Define numerical features

numerical features = ["Age", "StrokeSeverity", "MigraineAuraFrequency",
"RecoveryTime", "Weight", "Pressure", "Glucose", "EEG", "MR", "ChargeTransfer",
"GrapheneDiodesMeasurement","...", ]

# Apply feature engineering
pipeline = Pipeline(stages=indexers)
df = pipeline.fit(df).transform(df)

# Select and transform the relevant columns
data = df.select([col(feature + "Idx").astype("float") for feature in categorical features]

[col(feature).astype("float") for feature in numerical features] +
[col("StrokeSeverity").astype("float").alias("Label")])

# Oversample the dataframe to triple its size (Deep learning techniques like LOTS of
data)
for 1 in range(1, 3):
data = data.union(data)

# Split the data into training and testing datasets
features = [feature + "Idx" for feature in categorical features] + numerical features
label = 'Label'

# Split data 70%-30% into training set and test set

X_train, X_test, y train, y test = train_test split(data.toPandas()[features].values,
data.toPandas()[label].values,
test size=0.30,
random_state=0)
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print("Training Set: %d rows, Test Set: %d rows \n' % (len(x_train), len(x_test)))

# Create a dataset and loader for the training data and labels

train_x = torch.Tensor(x_train).float()

train_y = torch.Tensor(y_train).long()

train_ds = TensorDataset(train_x, train_y)

train loader = DatalLoader(train_ds, batch size=20, shuffle=False, num workers=1)

# Create a dataset and loader for the test data and labels

test_x = torch.Tensor(x_test).float()

test y = torch.Tensor(y_test).long()

test ds = TensorDataset(test x, test y)

test loader = DatalLoader(test ds, batch size=20, shuffle=False, num workers=1)

print('Ready to load data')

# Define a simple neural network model
class NeuralNetwork(nn.Module):
def init (self, input size):
super(NeuralNetwork, self). init ()
self.fcl = nn.Linear(input_size, 128)
self.fc2 = nn.Linear(128, 64)
self.fc3 = nn.Linear(64, 1)

def forward(self, x):
x = torch.relu(self.fc1(x))
x = torch.relu(self.fc2(x))
x = self.fc3(x)
return x

# Initialize the model, loss function, and optimizer
input_size = len(features)

model = NeuralNetwork(input_size)

criterion = nn.MSELoss()

optimizer = optim.Adam(model.parameters(), Ir=0.001)

# Train the model
num_epochs =20
for epoch in range(num_epochs):
model.train()
for x_batch, y batch in train_loader:
optimizer.zero_grad()
outputs = model(x_batch)
loss = criterion(outputs, y_batch.unsqueeze(1))
loss.backward()
optimizer.step()
print(fEpoch [{epoch+1}/{num_epochs}], Loss: {loss.item():.4f}")
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# Evaluate the model
model.eval()
with torch.no grad():
test loss =0
for x_batch, y batch in test loader:
outputs = model(x_batch)
loss = criterion(outputs, y batch.unsqueeze(1))
test_loss += loss.item()
print(f'Test Loss: {test loss / len(test loader):.4f}")

# Run an MLflow experiment
def train_and evaluate model(data, features, label, maxlIterations=>5,
regularization=0.5):
# Start an MLflow run
with mlflow.start run():
# Log training parameter values
mlflow.log param('num_epochs', num_epochs)
mlflow.log param('learning_rate', 0.001)

# Log the model itself

unique model name = "neural network-" + str(time.time())
mlflow.pytorch.log_model(model, unique model name)
modelpath = "/model/%s" % (unique_model name)
mlflow.pytorch.save model(model, modelpath)

print("Experiment run complete.")

# Example usage
train_and evaluate model(data, features, label)

Design of a code for training model -Notepad - Agnieszka Mietz-Blijleven source training code.

Model can also be trained based on scans of brain achieved from tomography or magnetic
resonance. During training, an algorithm is presented with chest X-ray images labeled to
indicate the presence or absence of a mass. The algorithm learns from these images and labels.
Eventually, the algorithm learns to analyze a chest X-ray and determine whether it contains a
mass. This algorithm can be referred to by various names, such as deep learning algorithm,

model, neural network, or convolutional neural network.
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The algorithm produces output in the form of scores, which represent probabilities that the
image contains a mass. For example, the probability that one image contains a mass might be
0.48, while another might be 0.51. Initially, these probability scores do not match the desired

labels.

Let's say the desired label for a mass is 1, and for normal is 0. You can see that 0.48 is far from
1, and 0.51 is far from 0. We measure this error by computing a loss function, which quantifies
the difference between the output probability and the desired label. There is a need to explore

how this loss is computed'.

As the algorithm continues to learn, it is presented with new sets of images and desired labels,
gradually producing scores that are closer to the desired labels. Notice how the output
probability is getting closer to 1 for one image and closer to 0 for another, with the help of

Azure Databricks for migraine with aura and stroke.

Define a neural network
Now I am ready to define our neural network. In this case, we'll create a network that consists

of 3 fully-connected layers:
e Aninput layer that receives an input value for each feature (in this case, the island index
and four penguin measurements) and generated 10 outputs.

e A hidden layer that receives ten inputs from the input layer and sends ten outputs to the

next layer.

e An output layer that generates a vector of probabilities for each of the three possible

penguin species.

! Error and uncertainty are explained in the secondary book that I authored.
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As 1 train the network by passing data through it, the forward function will

apply RELU activation functions to the first two layers (to constrain the results to positive

numbers) and return a final output layer that uses a log softmax function to return a value that

represents a probability score for each of the three possible classes.
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# Number of hidden layer nodes
hl = 10

# Define the neural network
class PenguinNet(nn.Module):
def _ init_ (self):
super(PenguinNet, self)._ init_ ()
self.fcl = nn.Linear(len(features), hl)
self.fc2 = nn.Linear(hl, hl)
self.fc3 = nn.Linear(hl, 3)

def forward(self, x):
fc1_output = torch.relu(self.fcl(x))
fc2_output = torch.relu(self.fc2(fcl_output))
y = F.log_softmax(self.fc3(fc2_output).float(), dim=1)

Q) search data, notebooks, recents, a... CTRL + P

Python v
Edit View Run Help

;

Last edit was now

S A A S

self.fc2 = nn.Linear(hl, hl)
self.fc3 = nn.Linear(hl, 3)

def forward(self, x):
fc1_output = torch.relu(self.fcl(x))
fc2_output = torch.relu(self.fc2(fcl_output))
y = F.log_softmax(self.fc3(fc2_output).float(), dim=1)

~

return y

# Create a model instance from the network
model = PenguinNet()
print(model)
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Create functions to train and test a neural network model

Training the model involves forwarding training values through the network, calculating loss

with a loss function, backpropagating adjustments using an optimizer, and validating with test

data.

To do this, I used the following code to create a function to train and optimize the model, and

function to test the model.

= Microsoft Azure

New

Workspace

5

(]

(© Recents
4t Catalog
& Workflows
<> Compute

™ Marketplace

sQL

& saL editor
[ Queries
[ Dashboards
[* Genie

L) Alerts
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Deep Learning DBS Agnieszka M...  Pythonv
] P' ; 9 9 > o Schedule
File Edit View Run Help Last edit was now
@ 7
(B |
def test(model, data_loader):
'y
oo device = torch.device('cuda' if torch.cuda.is_available() else
‘cpu')
<

model.to(device)

# Switch the model to evaluation mode (so we don't backpropagate)
model.eval()

test_loss = @

correct = @

with torch.no_grad():
batch_count = @
for batch, tensor in enumerate(data_loader):
batch_count += 1
data, target = tensor

)
11}




— Microsoft Azure ﬁ;«‘ databric (Q search data, notebooks, recents, a.. CTRL+ P databricks-e5iawul v
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File Edit View Run Help Last edit was now
{1 workspace
(© Recents B v
4t Catalog (| with torch.no_grad():
batch_count = @
%% Workflows b for batch, tensor in enumerate(data_loader):
[} Compute & batch_count += 1
data, target = tensor
B Marketplace # Get the predictions
out = model(data)
saL # calculate the loss
3 sqL Editor test_loss += loss_criteria(out, target).item()
# Calculate the accuracy
[ Queries _s predicted = torch.max(out.data, 1)
[H Dashboards correct += torch.sum(target==predicted).item()
L& Genie # Calculate the average loss and total accuracy for this epoch
L} Alerts avg_loss = test_loss/batch_count
— Microsoft Azure f;i databricl Q) search data, notebooks, recents, a... CTRL+ P databricks-eSiawul v
+ New Deep Learning DBS Agnieszka M...  Python~ e | [ schedule
File Edit View Run Help Lastedit was now
{1 workspace
(9 Recents @ 7
S ems B Tl e
& Catalog [
# Calculate the average loss and total accuracy for this epoch
%% Workflows da avg_loss = test_loss/batch_count
¢ Compute & print('validation set: Average loss: {:.6f}, Accuracy: {}/{} ({:.

™ Marketplace

saL
= saL editor

[* Queries

of}%¥)\n" .format(
avg_loss, correct, len(data_loader.dataset),
1e@. * correct / len(data_loader.dataset)))

# return average loss for the epoch

return avg_loss

<+ @

{3

1Y

FH Dashboards

Train a Deep Learning model for DBS

Now 1 can use the train and test functions to train a neural network model. I train neural

networks iteratively over multiple epochs, logging the loss and accuracy statistics for each

epoch.
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Python v
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Last edit was 1 minute ...
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# Calculate the average loss and total accuracy for this epoch

avg_loss = test_loss/batch_count

print(*Validation set: Average loss: {:.6f}, Accuracy: {}/{} ({:.

of}%)\n"’ .format(
avg_loss, correct, len(data_loader.dataset),
100. * correct / len(data_loader.dataset)))

# return average loss for the epoch

return avg_loss

= Microsoft Azure & databricl = Q Search data, notebooks, recents, a... CTRL + P

+ New

{1 workspace
(O Recents

&b Catalog

& Workflows
<> Compute
™ Marketplace

sQL

& saL editor
[» Queries
[ Dashboards
[* Genie

L Alerts
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& 8

& # Specify the loss criteria (we'll use CrossEntropylLoss for

multi-class classification)
loss_criteria = nn.CrossEntropylLoss()

# Use an optimizer to adjust weights and reduce loss
learning_rate = 0.001
optimizer = torch.optim.Adam(model.parameters(), lr=learning_rate)

optimizer.zero_grad()

# We'll track metrics for each epoch in these arrays
epoch_nums = []
training_loss = []




= Microsoft Azure &% databricl Q Search data, notebooks, recents, a... CTRL + P databricks-eSiawul v <" o

+ New Deep Learning DBS Agnieszka M...  Python v o | [ Schadute .
File Edit View Run Help Last edit was now
{1 workspace
- a
(© Recents E 8 . @
[ﬁ: Catalog O # We'll track metrics for each epoch in these arrays 4
epoch_nums = []
A
& Workflows oo training_loss = [] D
<5 Compute validation_loss = []
< - =}
B Marketplace # Train over 100 epochs ﬂ[h
epochs = 100
saL for epoch in range(1, epochs + 1):
[ sal editor
# print the epoch number
[ Queries print('Epoch: {}'.format(epoch))
FH Dashboards
. # Feed training data into the model . E
[* Genie - _ ~ - ..
train_loss = train(model, train_loader, optimizer) B
L) Alerts v
— Microsoft Azure f;i databric Q) search data, notebooks, recents, a... CTRL + P databricks-e5iawul v <'>' o
+ New Deep Learning DBS Agnieszka M...  Python v
] P ] ) 9 9 ) " > L] Schedule A
File Edit View Run Help Last edit was now
{1 workspace
C a
(© Recents & 8 : @
tﬁ: Catalog ] # Feed training data into the model 4
train_loss = train(model, train_loader, optimizer)

& Workflows & D)
[ Compute & # Feed the test data into the model to check its performance ®
test_loss = test(model, test_loader)

™ Marketplace
i
# Log the metrics for this epoch
saL epoch_nums .append(epoch)
5 sl editor training_loss.append(train_loss)
validation_loss.append(test_lossﬂ
[» Queries
A Dashboards %
[ Genie [
L Alerts v =

Figure 32 A set of screenshots illustrating the use of Deep Learning in the diagnosis of brain

disease.

During the training process, several steps occur:
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In each epoch, the complete set of training data is sent through the network. Each observation
has five features, corresponding to five nodes in the input layer, thus forming a vector of five
values for each observation. For efficiency, these feature vectors are grouped into batches, so a

matrix containing multiple feature vectors is processed at once.

This matrix undergoes a function that performs a weighted sum using initialized weights and
bias values. The result is then processed by the activation function for the input layer,

constraining the values passed to the nodes in the subsequent layer.

The weighted sum and activation functions are repeated in each layer, operating on vectors and
matrices rather than individual scalar values. Essentially, the forward pass involves a series of
linear algebra functions. This is why GPUs are preferred, as they are optimized for such

calculations.

In the network's final layer, output vectors represent calculated values for each class (e.g.,
classes 0, 1, and 2). A loss function evaluates these values against expected ones based on actual
classes. For instance, if an observation for a Gentoo penguin (class 1) results in [0.3, 0.4, 0.3],
it should be [0.0, 1.0, 0.0]. The variance between predicted and actual values ([0.3, 0.6, 0.3])

aggregates over each batch to calculate overall error (loss) for the epoch.

At each epoch's end, validation data is processed through the network, calculating its loss and
accuracy (correct predictions based on the highest probability value in the output vector).
Comparing the model's performance on validation data helps assess generalization capability

and potential overfitting.

After processing all data, the optimizer receives the training data's loss function output but not

the validation data's loss. Depending on the optimization algorithm, differential calculus
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calculates partial derivatives concerning each weight and bias value used in the network via the

chain rule, determining whether to adjust these values to minimize loss.

The optimizer uses the learning rate to decide adjustment magnitude and applies
backpropagation to update weights and biases in each layer. Subsequent epochs repeat the
training, validation, and backpropagation process with revised weights and biases, aiming to

lower loss levels.

This process continues for 100 epochs. Review training and validation loss

After training, examine the recorded loss metrics. Look for two things:

e The loss should decrease with each epoch, indicating the model is learning correctly.
e Training and validation loss should show similar trends, indicating the model is not

overfitting.

[e]n]

#matplotlib inline
from matplotlib import pyplot as plt

plt.plot(epoch_nums, training loss)
plt.plot(epoch_nums, validation_loss)
plt.xlabel('epoch”)

plt.ylabel('loss"’)

plt.legend(['training’', 'validation'], loc="upper right")

plt.shc;(*

Figure 33 Training and validation loss — DBS model

View the learned weights and biases
The trained model includes final weights and biases determined by the optimizer. Expected

values for each layer are:
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e Layer 1 (fcl): 10 x 5 weights, 10 bias values.
e Layer 2 (fc2): 10 x 10 weights, 10 bias values.
e Layer 3 (fc3): 3 x 10 weights, 3 bias values.

[s]w]

for param_tensor in model.state_dict():

print(param_tensor,

11

"\n", model.state dict()

[param_tensor].numpy

Figure 34 Labeling of data with bias and weights

Saving and Utilizing the Trained Model

Upon training completion, the model's weights can be preserved for subsequent use.

@ Marketplace

S(

B
s
EH Dashboards

SQL Editor

Queries

[* Genie

I have used the code to load model weights and predict the probability of brain stroke or

migraine with aura. Then, adjust to another DBS model for recovery of infants and seniors after

# Save the model weights

model_file = '/dbfs/penguin_classifier.pt’

torch.save(model.state_dict(), model_file)

del model

print|('model saved as', model_file)l

brain stroke and migraine, based on observation, doctor examination, and treatment.
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= Microsoft Azure 2 databricl  Q Search data, notebooks, recents, a... CTRL + P databricks-eSiawul v <" o

+ New Deep Learning DBS Agnieszka M...  Python v o | [ schedute .
File Edit View Run Help Last edit was now
{1 workspace
a
(© Recents = - 13 3 ©
- Catalog (] # New DBS data to train a modell 4
x_new = [[1, 50.4,15.3,20,50]]
A
a Workflows oo print ('New sample: {}'.format(x_new)) D
< Compute
g & . e
# Create a new model class and load weights
B Marketplace model = DBS() ik
model.load_state_dict(torch.load(model_file))
saL
: # Set model to evaluation mode
[ saL editor
model.eval()
[ Queries
# Get a prediction for the new data sample
[ Dashboards diction for th d pl
x = torch.Tensor(x_new).float() ®
[* Genie - ’
_s predicted = torch.max(model(x).data, 1) B
Ll Alerts v
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Chapter 5: Discussion, interpreting the results in the context of the research questions and

objectives.

Results explanation with Azure Al Foundry

P Azure Al Foundry

> Model Catalog
Copilot Studio Foundational models | Open-source models | Task models | Industry models
Visual Studio o \Q ‘ a ,|
O e Azure Azure Al Azure Al Azure Al Azure
GitHub OpenAl Service Search Agent Service Content Machine Learning
Safety
‘ Evaluations | Customization | Governance | Monitoring
Azure Al
Foundry SDK Observability
v i

Figure 35 Microsoft Azure AI Foundry Platform

In the realm of artificial intelligence (Al) and machine learning (ML), the application of
advanced technologies to medical research and treatment has shown promising results. This
thesis explores the utilization of many self-deployed but also commercially available solutions,
like Azure Al Foundry in the context of deep brain stimulation (DBS) for diagnosing and
treating brain diseases. The integration of AI/ML, large language models (LLM), generative
Al, and cybersecurity within Azure Al Foundry provides a robust framework for enhancing the

accuracy and efficiency of medical interventions.?

2 In day-to-day research, the author of this PhD thesis utilizes not only commercially available large
language models (LLM), artificial intelligence (AI), generative Al, and machine learning (ML) but also self-
developed solutions. While this thesis focuses on the scientific aspects, the author does not omit non-scientific
justifications witnessed in the healing of her own children (early-born twins) throughout years of their
rehabilitation and recovery process. Observations of other early-born infants born between the 22nd and 37th
week of pregnancy, along with extensive notes undertaken in mapping to seniors with a focus on recovery from
brain strokes and migraines with aura (which can lead to brain strokes), are included. The hope is that computer
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A Azure Al Foundry ecosystem
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Figure 36 Microsoft Azure AI Foundry ecosystem

Graphene Diodes and Charge Transfer Mechanisms

Graphene diodes, due to their exceptional electrical conductivity and biocompatibility, can be
integrated with charge transfer mechanisms to stimulate neuronal activity. This approach can
be particularly beneficial for treating neurological conditions such as migraines with aura and
brain strokes. The treatment involves the application of graphene diodes to specific regions of
the brain, where they facilitate charge transfer to modulate neuronal activity. Graphene diodes
can be provided to the brain as stimulators and analysers through the nose without the need for
opening the skull. In more serious diseases, surgeons shall decide on ways of implementing

graphene diodes in layers of the brain in collaboration with neurologists.>

science, particularly Al will ultimately work in concert with medicine towards the common goal of aiding
individuals with neurological disorders and facilitating quicker recovery.

3 In herein PhD Thesis an Author describes just selected options from many that were used in
researches and are a subject of patent proceedings, thus introduced in limited scope.
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Mechanism with LLM, Generative AI, AI/ML, and MASS Model with R and Julia for Machine
Learning

The integration of generative Al applications developed in Azure Al Foundry can significantly
enhance the efficacy of DBS treatments. This section provides specific examples of how these

applications can be integrated into my PhD thesis results.

& G (9  https://ai.azure.com/ tid=4cfe372a-3734-44f8-91b2-5faf34253c62 & fromOnboarding Tutorial =true % T=

Create a project

© Review and finish
Review and finish

The following resources will be created for you, along with required dependencies. The creation of the first hub and project may take a few minutes to

complete. Learn more about hubs and dependencies (3.

Hub

Name: Hut R
Resource group: Resour CEGI’D-

Location: eastus

Project

Name:
Subscription:
Resource group:

Al Services

Name: AgnieszkaMietzBlijleven

Figure 37 Generative Al application development in Azure Al Foundry — environment set

up for results validation and interpretation

Specific Examples of Generative Al Applications in Azure Al Foundry for Deep Brain

Stimulation

Example 1: Predictive Modelling with Charge Transfer

Azure Al Foundry SDK enables the development of Al models that can predict optimal charge
transfer patterns required to stimulate specific neuronal pathways. By leveraging the SDK,
researchers can create models with graphene diodes that analyze patient-specific data and

predict the most effective charge transfer mechanisms for DBS treatments.
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Figure 38 AI Azure Foundry SDK

Example 2: Real-time Monitoring and Adjustment

Azure Al Foundry Portal offers tools for real-time monitoring of DBS effects. Al applications
can dynamically adjust treatment parameters based on real-time feedback, ensuring that
neuronal activity is modulated effectively. This approach can be particularly beneficial for

managing conditions like migraines with aura and brain strokes.

146 |Page



Design intelligent apps with Azure Al services

——— Leverage out-of-the-box and customizable APIs and multimodal models

Azure OpenAl Service & Azure Al Search [l Azure Al Speech =) Azure Al Vision
* Access to powerful = Al enrichment & + Speech to text (including * Image and face analysis
Al medels semantic ranking the Whisper model on -
) Azure OpenAl Service) = Custom model training
* Scalable development *  Generative Al .
content creation + Text to speech * Face detection

+ Compliance & security and recognition

* Vector search for + Speech translation

* Integration with other data organization . + Document text extraction
Azure Services + Speaker recognition
Azure Al Azure Al Document 2
9 ] N 2 Azure Al Language % Azure Al Translator
Content Safety Intelligence
+  Al-driven content moderation +  Automated documentation N I:géﬁgfwgﬁj Al models for : SMUItg'h r:anlslt;,:(i::?\nd
for enhanced safety generation pee
. y . . +  Custom industry-specific Al = Synchronous and
* Customize safety thresholds Documentation quality analysis for healthcare asynchronous translation
for diverse user types * Interactive documentation + Custom, industry-specific 'ECI'T"?St support
+ Detact and prevent Jailbreak experiences models * MNative translation
Risk fro J(I?IAa‘tt K * Matural lan uage of documents
is m acks understanding Tor and manuals

documentation ‘
—_—

Figure 39 Intelligent AI apps creation with AI Azure Foundry

Example 3: Personalized Treatment Plans

Retrieval-Augmented Generation (RAG) solutions in Azure Al Foundry allow Al models to
access and utilize vast amounts of medical data. By integrating RAG solutions, researchers can
develop personalized treatment plans tailored to individual patient needs, improving outcomes

and reducing side effects.

Azure Open Al Services

openai = project.inference.get azure openai client(api_version="2024-06-01")
response = openai.chat.completions.create(
model="gpt-40",
messagess|
{"role": "system", "content™: “"You are a helpful writing assistant"},
("role": "user"”, “content”: “"Write me a poem about flowers"},
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Azure Al Services based on model of GPT-40

chat = project.inference.get chat_completions_client()
response = chat.complete(
model="gpt-40",

messages=|
{"role”: “"system™, “"content”: “"You are a helpful writing assistant™},
{"role”: “"user”™, “"content™: "Write me 3 poem 3bout flowers")

5

Al model based on Phi-3.5 -mini-instruct

chat = project.inference.get_chat_completions_client()
response = chat.complete(

model="Phi-3.5-mini-instruct”,
messagess |

{“role”: "system”, “content™: “You are a helpful writing assistant®},
(“role”: "user”, “"content®: "Write me a poem about flowers"},

Python code for deep brain stimulation using Graphene diodes for RAG (Retrieval-Augmented
Generation) based on the example of a RAG workflow in Python using Azure Al Search.

Additionally, it includes the use of Azure OpenAl models gpt-40 and dphi-3.5 semi-instruct:

148 |Page



e RV ST

10

11
12
13

14
15
16
17

18

19

20
21
22
23
24
25
26
27

28
29
38

31

32
33
34
35

36
37
38

from azure.identity import DefaultAzureCredential, get bearer_token provider
from azure.search.documents import SearchcClient
from openai import AzureOpenAI

# Initialize credentials and token provider
credential = DefaultAzureCredential()

token_provider = get bearer_token provider(credential,
"https://cognitiveservices.azure.com/.default")

# Initialize Azure OpenAI client
openai_client = AzureOpenAI(api version="2024-06-01",
azure_endpoint=AZURE_OPENAI_ACCOUNT, azure_ad_token_provider=token_provider)

# Initialize Azure Search client
search_client = SearchClient(endpoint=AZURE_SEARCH_SERVICE, index_name="dbs-graphene-
index"”, credential=credential)

# Define the grounded prompt for deep brain stimulation with Graphene diodes
GROUNDED _PROMPT = """

You are a knowledgeable assistant that provides information on deep brain stimulation
using Graphene diodes

Answer the query using only the sources provided below in a concise and informative
manner

Answer ONLY with the facts listed in the list of sources below

If there isn't enough information below, say you don't know
Do not generate answers that don't use the sources below
Query: {query}

Sources:\n{sources}

won

# Define the query for deep brain stimulation with Graphene diodes
query = "Explain the use of Graphene diodes in deep brain stimulation and their
benefits”

# Perform search on Azure Search service

search_results = search client.search(search_text=query, top=5,
select="Description,Title,Tags")

sources_formatted = "\n".join([f'{document["Title"]}:{document["Description”]}:
{document["Tags"]}' for document in search_results])

# Generate response using Azure OpenAI with gpt-35 model
response gpt35 = openal client.chat.completions.create(

messages=[{"role": "user", "content": GROUNDED PROMPT.format(query=query,
sources=sources_formatted)}],

model="gpt-35"
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39 # Generate response using Azure OpenAI with gpt-46 model
40 response_gpt4® = openai_client.chat.completions.create(

41 messages=[{"role": "user"”, "content”: GROUNDED PROMPT.format(query=query,
sources=sources_formatted)}],

42 model="gpt-40"

43 )

44

45 # Generate response using Azure OpenAI with dphi-3.5 semi-instruct model
46 response_dphi35 = openai_client.chat.completions.create(

47 messages=[{"role"”: "user"”, "content": GROUNDED PROMPT.format(query=query,
sources=sources_formatted)}],

48 model="dphi-3.5-semi-instruct”

49 )

50

51 # Print the responses

52 prlint("Response from gpt-35 model:™)

53 print(response_gpt35.choices[@].message.content)

54

55 print("\nResponse from gpt-46 model:")

56 print(response gpt4@.choices[@].message.content)

57

58 print("\nResponse from dphi-3.5 semi-instruct model:")
59 print(response dphi3s.choices[@].message.content) |

60

This code sets up a workflow for deep brain stimulation using Graphene diodes with Retrieval-
Augmented Generation (RAG) based on Azure Al Search. It initializes the necessary clients,
defines a grounded prompt, performs a search, and generates responses using Azure OpenAl

models gpt-35, gpt-40, and dphi-3.5 semi-instruct.

Retrieval Data Sources
System

D

o] — %

App Orchestrator

— L9

Figure 40 Microsoft Azure OpenAI models for DBS
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Adding own data:

# Asure Al Foundry hub cortoso-Al §  project-name 2
Add your data ervew

© Source data

Index settings

Search settings

o

Review and finish

Chat playground

Select your data
Select the data you want the generative Al to reference so it can ground its responses on your spexific data.

Your data will be ingested into an Index, which allows the Generative Al model to quickly and accurately find
information for your specific use case.

Alresources 3 ] €3

Data source * (D | Select your data source

Connect to an existing index
@ An Azure Al Se
rsourcs (3 ar €@ Azure Al Search
Create a new index
# Datain Azure Al Studio
™ Azure Blob Storage

@ Storage URL

B Upload files

Figure 41 Data feeding mechanism with AI Foundry platform

There exists the possibility of integration multi-platforms and multi-vendor solutions, as below

reference:

+ Azure Al Search
* Blob storage
* Local files/folders
» Storage URLs including
Onelake in Microsoft Fabric
o Azure Databricks
o S3 buckets via Amazon
S3 Shortcuts

Example 4: Fine-tuning Language Models for Medical Applications

Fine-tuning a language model with Azure Al Foundry can enhance the precision of Al

applications in DBS. Researchers can train base language models on specific medical tasks,

such as chat-completion, to improve their performance in predicting and optimizing charge

transfer mechanisms.
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Figure 42 Fine-tune a model by training — data analysis from graphene diodes

measurements of charge transfer
There are three amin types of fine-tunning of apps performance:

- Supervised fine-tuning
- Direct preference optimization

- Reinforcement learning
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Fine-Tuning of Performance of Apps in Azure AI Foundry for Deep Brain Stimulation

Azure Al Foundry offers various methods to fine-tune the performance of applications,

ensuring they meet specific enterprise needs and deliver optimal results. Here are the three main

types of fine-tuning available, specifically applied to deep brain stimulation (DBS) using

Graphene diodes:

1. Supervised Fine-Tuning

e Supervised fine-tuning involves training a pre-trained model on a labeled dataset

specific to the task at hand. For DBS applications, this could mean using patient-

specific data to train the model to predict optimal stimulation parameters. This

method enhances the model's performance by providing it with examples of the
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desired output for given inputs, significantly improving the accuracy and

relevance of the stimulation settings.
2. Direct Preference Optimization

o Direct preference optimization focuses on aligning the model's behavior with
human preferences. In the context of DBS, this could involve collecting
feedback from patients and clinicians on the effectiveness of the stimulation
settings and using this feedback to adjust the model's parameters. This ensures
that the model's outputs are more aligned with patient-specific therapeutic goals,

enhancing treatment outcomes.
3. Reinforcement Learning

o Reinforcement learning is a method where the model learns to make decisions
by receiving rewards or penalties based on its actions. For DBS, this could
involve the model learning to optimize stimulation parameters based on real-
time feedback from the patient's neurological responses. This approach helps the
model to continuously improve its performance by learning from its interactions

with the patient's brain.

Azure Al Foundry Capabilities

Azure Al Foundry provides a comprehensive platform for fine-tuning models, offering both
managed and unmanaged options. Managed options include serverless fine-tuning and built-in
ML OPS pipelines, which simplify the process and provide robust infrastructure support.
Unmanaged options offer more control over the infrastructure, allowing for customized fine-

tuning setups.
Practical Applications and Benefits

Fine-tuning in Azure Al Foundry can be applied to various domains, including medical
applications like DBS. It allows for domain-specific performance improvements, making the
models more effective in specialized tasks. Additionally, fine-tuning supports low-resource

languages, enabling the development of applications that cater to diverse linguistic needs
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Example of Fine-Tuning

An example of fine-tuning using Azure Al Foundry involves the use of Low-Rank Adaptation
(LoRA) and Group Relative Policy Optimization (GRPO). LoRA is a parameter-efficient fine-
tuning method that is computationally cheap, fast, and modular. GRPO simplifies the
reinforcement learning process by removing the critic function and using a group baseline for
optimization. This combination has been shown to improve the model's performance in
reasoning and providing correct answers compared to the base model. Azure Al Foundry's fine-
tuning capabilities provide a powerful toolset for optimizing the performance of Al
applications, including those used in deep brain stimulation. By leveraging supervised fine-
tuning, direct preference optimization, and reinforcement learning, organizations can enhance

their models to meet specific needs and deliver superior results.

55 AL sgp templates

Azure Al Basic App Sample | Python [ ) e v rass Commpns [

What's inchuded

Figure 43 Deployment of a model and application with command line interface.
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Run azd app

p
Select an Azure Subscription to use
Select an Azure location to use:

Provisioning Azure resources (azd provision)

Example 5: Responsible Implementation and Evaluation

Implementing responsible generative Al solutions in Azure Al Foundry ensures that Al
applications are safe and trustworthy. The platform provides tools for evaluating the
performance of generative Al applications, helping researchers refine their models and

minimize the risk of harmful content generation.
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Figure 44 MASS with R and Azure AI Foundry results analysis.

Mechanism with LLM, Generative Al, AI/ML, and MASS Model with R:

Large Language Models (LLM): LLMs can be used to analyze patient data and generate
personalized treatment plans. They can interpret complex medical data and provide
insights into the most effective stimulation parameters for graphene diodes.

Generative Al: Generative Al can simulate various treatment scenarios and predict
outcomes based on different stimulation patterns. This helps in optimizing the treatment
process and ensuring the best possible results for patients.

AI/ML: Al and ML algorithms can continuously monitor patient responses to treatment,
adjusting the stimulation parameters in real-time to maximize efficacy. These
technologies can also identify patterns in patient data that may indicate the need for
changes in the treatment approach.

MASS Model with R: The MASS package in R provides statistical tools to analyze the
effectiveness of the treatment. By applying these tools, researchers can evaluate the
impact of graphene diodes and charge transfer mechanisms on recovery processes,
comparing results between early-born infants and seniors.

Stimulation and Organism Response: The stimulation process involves the application

of graphene diodes to the cortex of the brain, where they facilitate charge transfer to
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modulate neuronal activity. The organism's response to this stimulation can be
monitored using AI/ML algorithms, which adjust the stimulation parameters in real-time

to ensure optimal results.

Generative Al applications for DBS (Database Systems) with Model as a Service of Azure
Al Foundry offer a range of capabilities that can significantly enhance the efficiency and

effectiveness of database management and operations. Here are some key insights and

applications:
Customize your models Orchestrate and debug Accelerate Al
Al workflows experimentation

Train, fine-tune, and distill models Streamline app development with Quickly experiment with models

using your diverse data sets to quick-start Al App Templates, easy-to- and applications using evaluation
innovate and differentiate your Al use orchestration options, tracing, and frameworks, secure workflows, and

solutions. debugging tools. real-time monitoring, deploying

successful experiments directly to

production.

Evaluation and Performance Assessment

Azure Al Foundry provides tools to thoroughly assess the performance of generative Al
models and applications when applied to substantial datasets. This evaluation process
involves testing the model or application with the given dataset and measuring its
performance using both mathematical and Al-assisted metrics. The Azure Al Foundry
portal offers comprehensive insights into the application's capabilities and limitations,

allowing users to log, view, and analyze detailed evaluation metrics.
Operational Excellence

Azure Al Foundry offers practical, personalized guidance for testing generative Al
operations knowledge, practices, and overall experience level. This platform helps
organizations to quickly assess their generative Al operations and provides step-by-step
guidance through the Al app development process, from prototyping to optimizing and

operationalizing.
Customization and Specialized Solutions

Azure Al Foundry's Al model catalogue includes over 1,800 options, offering tailored and

specialized task and industry-specific models. This flexibility ensures that organizations can
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explore Al models that advance their business priorities. The platform also supports fine-
tuning capabilities, such as vision fine-tuning and distillation workflows, which allow

smaller models to replicate the behaviour of larger models.
Integration and Automation

Azure Al Foundry enables the integration of external data sources and streamlines the
process of building and consuming APIs. This includes plugins for Azure Cognitive Search,
Azure SQL, Azure Cosmos DB, Microsoft Translator, and Bing Search. The platform also
offers a Provisioned Throughput Model for dedicated capacity, enhancing developer

productivity and simplifying the integration process.
Security and Trustworthiness

Securing generative Al models on Azure Al Foundry is crucial for maintaining robust
security while leveraging new advancements. Microsoft focuses on making its Al
development platform a secure and trustworthy place for exploration and innovation. This
involves thoughtful risk assessment to balance leveraging new advancements with

maintaining robust security.
Research and Development

The Audio and Acoustics Research Group at Microsoft Research (MSR) highlights the role
of audio in generative Al. Audio-language models can generate captions, labels, or free-
form text from audio signals, facilitating applications such as question-answering. The
generation of audio from prior audio inputs or other modalities leads to fascinating multi-

modal models and applications.
Learning and Documentation

Azure Al Foundry provides extensive learning resources, including training plans,
documentation, and e-books. These resources guide users through the Al app development
process and help them scale their projects. The platform also offers insights into Al adoption
through Azure Al Foundry's Model as a Service, which enables organizations to enhance
their database systems with advanced generative Al capabilities, ensuring operational

excellence, customization, integration, security, and continuous learning and development.
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Examples:

Condition Stimulation Response Application Expected
Method Method Outcome

Migraine Graphene AI/ML Modulating brain | Reduced migraine

with Aura Diodes Monitoring activity symptoms
Charge
Transfer

Brain Graphene AI/ML Enhancing motor | Improved

Strokes Diodes Monitoring recovery mobility and
Charge coordination
Transfer

Early-born Graphene AI/ML Developing Enhanced motor

Infants Diodes Monitoring motor skills with | development and
Charge quick brain | process of healing
Transfer recovery

Seniors Graphene AI/ML Regaining motor | Better = mobility
Diodes Monitoring functions and reduced
Charge disability
Transfer

Table 4 Methods of brain stimulation summary

By integrating these advanced techniques and technologies, we can develop more effective
treatment strategies for neurological conditions, tailored to the specific needs of different
patient groups. This holistic approach can significantly improve recovery outcomes and quality

of life for both early-born infants and seniors.
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Figure 46 Source: Understanding noninvasive charge transfer doping of graphene: a

comparative study | Journal of Materials Science: Materials in Electronics

Change transfer and graphene diodes can potentially stimulate muscle tension relief and brain

activity through mechanisms involving electrical stimulation. Here's how they might work:

1.

Electrical Stimulation: Graphene diodes can be used to deliver precise electrical
impulses to muscles and nerves. This technique, known as neuromuscular electrical
stimulation (NMES), can activate muscles artificially, causing them to contract and

relax. This can help relieve muscle tension and reduce spasticity.

Neuroplasticity: Electrical stimulation can also promote neuroplasticity, which is the

brain's ability to reorganize itself by forming new neural connections.
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3. By stimulating specific areas of the brain and muscles, it may be possible to enhance

the brain's ability to manage pain and prevent migraines with aura or even reduce the

risk of stroke.

Functional Electrical Stimulation (FES): This technique involves using electrical

impulses to generate functional movements, such as grasping or walking. FES can

induce short- and long-term neurophysiological changes in the central nervous system,

potentially improving motor function and reducing the frequency of migraines.

5. Preventive Strategies: Lifestyle changes, such as maintaining a healthy weight,

avoiding smoking, and controlling hypertension, can also help reduce the risk of

migraines with aura and stroke.

Combining these strategies with electrical stimulation

comprehensive approach to managing these conditions.

Microsoft Fabric

Microsoft Fabric enhances machine learning (ML) through

techniques may offer a

several key features and
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AutoML (Automated Machine Learning):

Simplification and Speed: AutoML in Microsoft Fabric automates the process of training and
optimizing ML models, reducing the need for extensive human involvement. This speeds up
the model development process and simplifies the selection of the best model and

hyperparameters for a given dataset.

MS Fabric transforms data with Azure ML via Trend Identification and Prediction models with

Python, as reference or Julia language:

Trend Identification

import pandas as pd
from statsmodels.tsa.seasonal import
seasonal_decompose

# Load time series data
data = pd.read_csv("time_series_data.csv",
index_col="Date")

# Decompose the time series into trend, seasonal, and
residual components

decomposition = seasonal_decompose(data['Value'],
model="additive"')

# Visualize the trend component
decomposition.trend.plot()
plt.title("Trend Analysis")
plt.show()

Predictive Modeling

from azureml.core.train import HyperDriveConfig

# Define your model training script
# oo

# Configure HyperDrive for automated model tuning
hyperdrive_config = HyperDriveConfig(
run_config=run_config,
estimator=estimator,
hyperparameter_sampling=hyperparameter_sampling
primary_metric_name="accuracy"

)

# Train the model with HyperDrive
run = experiment.submit(hyperdrive_config)
# Evaluate the best model

est_model : un.get_best_model(,

Figure 49 Model prediction conforming results with MLFlow in Python or Julia SW

language.

Integration with MLflow: Fabric integrates with MLflow, allowing users to track and compare
different model versions and experiment runs. This helps in managing the lifecycle of ML

models efficiently.
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FLAML (Fast and Lightweight AutoML)

Efficiency: FLAML powers the AutoML capabilities in Fabric, enabling users to build,
optimize, and deploy ML models seamlessly within the platform’s data ecosystem. This ensures

that ML solutions are developed quickly and efficiently.
Data Management and Analysis

Comprehensive Tools: Microsoft Fabric provides a suite of tools for data management and
analysis, supporting the entire ML workflow from data preparation to model deployment. This

includes handling various data formats and integrating with other data science tools.
User-Friendly Interface

Ease of Use: Fabric offers a user-friendly interface for creating and managing ML models.
Users can create new models directly from the Fabric UI or use APIs for more advanced

operations. This makes it accessible to both novice and experienced data scientists.
Collaboration and Integration

Collaborative Environment: Fabric supports collaboration among data scientists and
developers, facilitating the sharing of models and insights. This enhances the overall

productivity and innovation within ML projects.

Additionally, in the process of developing my own ML solutions, there is already a possibility
to leverage existing market solutions like Microsoft Fabric. This can significantly reduce
development time and costs, allowing me to focus on customizing and optimizing my specific

applications.

By leveraging these features, Microsoft Fabric significantly enhances the efficiency, accuracy,
and scalability of machine learning projects, making it a powerful tool for data scientists and
ML solutions whether throughout REST API connectivity or direct linking with Dataverse

enabling access to ETL data ecosystem of own hosted solutions for Deep Brain Stimulation.
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Initiating Charge Transfer through Graphene Diodes and Its Effects on Muscle Tension Relief
and Brain Stimulation

Theoretical Model for PhD Thesis:

Introduction: Graphene diodes, due to their exceptional electrical conductivity and
biocompatibility, can be integrated with charge transfer mechanisms to stimulate neuronal
activity. This approach can be particularly beneficial for treating neurological conditions such
as migraines with aura and brain strokes. The treatment involves the application of graphene
diodes to specific regions of the brain, where they facilitate charge transfer to modulate

neuronal activity.
Technical Description:
1. Graphene Diodes and Charge Transfer Mechanism:

* Graphene Diodes: Graphene diodes are semiconductor devices that utilize
graphene's unique electronic properties to facilitate charge transfer. The high
conductivity and flexibility of graphene make it an ideal material for interfacing

with biological tissues.

* Charge Transfer: Charge transfer in graphene diodes occurs through the
movement of electrons across the graphene-semiconductor interface. This
process is influenced by the Fermi level shift of graphene, which can be

modulated by external electrical stimulations.
2. Application to Neuronal Stimulation:

o Electrode Placement: Graphene diodes are placed on the cortex of the brain,

targeting specific regions responsible for motor and sensory functions.

o Electrical Stimulation: Electrical impulses are applied to the graphene diodes,
causing a redistribution of charge within the neurons. This can result in either

hyperpolarization or depolarization, depending on the stimulation parameters.

166 |Page



Medical Description:

1. Muscle Tension Relief:

(¢]

Mechanism: The application of graphene diodes and charge transfer
mechanisms can enhance blood circulation and tissue temperature, leading to
muscle relaxation and pain relief. This is achieved through capacitive and
resistive electronic transfer, which provides endogenous thermal treatment to

the affected muscles.

Clinical Application: For patients with musculoskeletal disorders, graphene
diodes can be used to target specific muscle groups, reducing tension and

improving mobility.

2. Brain Stimulation:

Mechanism: Electrical stimulation through graphene diodes can modulate
neuronal activity by altering the charge distribution within the neurons. This can
enhance motor recovery and sensory functions, particularly in patients with

neurological conditions such as migraines with aura and brain strokes.

Clinical Application: Deep brain stimulation (DBS) using graphene diodes can
be tailored to individual patients by adjusting the stimulation parameters based

on real-time monitoring and AI/ML algorithms.

Examples:
Stimulation Response
Condition Application Expected Outcome
Method Method
o ) ‘ Reduced migraine
Migraine Graphene Diodes +||AI/ML Modulating o
' o ' o symptoms. Alleviation of|
with Aura  |Charge Transfer | Monitoring |/brain activity .
muscle tension
Brain Graphene Diodes +||AI/ML Enhancing Improved mobility and
Strokes Charge Transfer |Monitoring |motor recovery |lcoordination
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Stimulation Response
Condition Application Expected Outcome
Method Method
Early-born ||Graphene Diodes +||A/ML Developing Enhanced motor
Infants Charge Transfer |Monitoring |motor skills development
Sen Graphene Diodes +||AI/ML Regaining Better ~ mobility  and
eniors
Charge Transfer |Monitoring |motor functions |reduced disability

Table 5 DBS methods
Conclusion

The development of generative Al applications in Azure Al Foundry represents a significant
advancement in the field of deep brain stimulation. By leveraging AI/ML, LLM, and
cybersecurity, researchers can enhance the diagnosis and treatment of brain diseases, offering

new hope for patients suffering from neurological conditions.

Integration of these advanced techniques and technologies, we can develop more effective
treatment strategies for neurological conditions, tailored to the specific needs of different
patient groups. This holistic approach can significantly improve recovery outcomes and quality

of life for both early-born infants and seniors.
Personal Observations

After losing excess weight, I noticed a reduction in the fatty tissue around the widow's hump,
which developed over more than 20 years of working in a bent-over position with
instrumentation, like for example PCS. While weight loss is generally healthy, in my case, |
had to simultaneously stimulate the development of neck and shoulder girdle muscles to ensure
that any spinal defects and reduced cervical lordosis were supported by muscles rather than fat.
This helped prevent many pains and migraines with aura, which became increasingly

bothersome during weight loss, as my spine was losing the “support” of fatty tissue.

Whenever I sensed an impending migraine attack, based on years of experience with migraines
with aura, I would lie down in a dark, quiet place to avoid stimuli. I used special rehabilitation

rollers to apply pressure on anatomical points connecting the main neural pathways around the
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shoulder girdle. Each time, the pressure would relax the shoulder girdle muscles, allowing me
to either halt the progression of the migraine and prevent the development of the aura or

minimize its occurrence.

The overall brain condition of my twins returned to normal operability after a series of Vojta
Method treatments, combined with pharmacological and healing procedure adjustments,

formally adopted at hospitals for years in recovery.
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Figure 50 Healing process of brains of my twins — state in past during Vojta rehabilitation

and pharmacological treatment and brain conductivity with charge transfer method.

I do not encourage neglecting pharmacology and medical treatment — their guidance should be
considered a priority. My observations are intended to encourage collaboration on a

professional and substantive level between the medical and IT worlds.
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Recognizing Warning Signs

Individuals experiencing aura can reduce their risk of migraine-related stroke by being aware
of stroke warning signs. According to Tietjen, a transient ischemic attack (TIA) can act as a
"warning." Symptoms of TIAs may include vision loss in one eye, slurred speech, or

weakness/numbness on one side of the body. These attacks typically last up to one hour.

If individuals notice changes in their aura—such as increased frequency, longer duration
(lasting over an hour), or symptoms like weakness on one side—it may indicate a more serious
issue, and they should seek medical attention. Tietjen emphasizes that people with migraine
with aura need to recognize stroke warning signs and manage other stroke risk factors. Lifestyle

changes and medications can help reduce the frequency of aura.

A migraine specialist can assist in identifying and treating stroke risk factors. Connect with a
headache specialist in the area to learn more about managing the symptoms and understanding

the condition.
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Chapter 6: Conclusion and Recommendations, summarizing the study and suggesting future

research directions.

Potential for Advanced Applications

Graphene's unique properties open up possibilities for integrating advanced technologies like
AI/ML and cybersecurity into DBS systems. This can lead to more personalized and secure

treatment options.

Overall, graphene's properties make it a promising material for enhancing the effectiveness,

safety, and precision of DBS therapies.

I have created the prototype of application that can transfer data received from the graphene
diodes with analysis of brain parameters, blood pressure with use of integration with neural
networks on external systems or devices to track those data for further machine learning and
data science analysis in integration with other devices available for patients, doctors, any end

users.
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@class_wrapper(sql_alchemy_store exception_wrapper)
<PointObjectStoreTempla ICheckPoin
@inject
def init (self, session: Session, service mapper: SQLCheckPointServiceMapper):
super()._ init_ ()
self. sion = session
self. mapper = service mapper

self. model = Chec

def find by protocol_and_port(
self,
protocol: ServiceProtocol,
device _data: DeviceData,
src_port: AbstractServicePort
dst_port: AbstractServicePort
) -> List[CheckPointService]:
domain_id: Id = self. find domain id by device data(device data)
service_models
self. g (self. .
_filter_by(
protocol=str{protocol},
src_port=self.str_or_none(src_port),
dst_port=self_str_or_none{dst_port),
domain_id-domain_id,
)
.all()

[self._mapper.model_to_entity(model)  model in service models]

f find by protocols and dst ports(
self,
protocol and dst port list: List|[Tuple[ServiceProtocol, AbstractServicePort]],
device_data: DeviceData,
) -> List[CheckPointService]:
domain_id: Id = self. find_domain_id_by_device data(device_data)

str_protocols with ports = [

(str(protocol), self.str_or_none(port))

protocol, port in protocol and dst port_list

if port is not None
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self. mapper - address_mapper
self. model

self, ip_address: Abstractipaddress, device_data: DeviceData

» List[CheckPointAddress):

domain_id: Id self._find _domain_id by device data(device_data)

address_models (
self. session.query(self. model)
filter_by(ip_addresssstr(ip_address), domain_id-domain_id)
.all()

[self._sapper.model to_entity(model) + model in address _models)

by _ip_ac sses(
self, address_list: List[AbstractIpAddress], device_data: DeviceData
ist[CheckPointAddress]:
domain_id: Id self. find_domain_id_by_ device_data(device_data)
list _str [str(address) address in address_list)
address_models (

[self. mapper.model to_entity(model) ¢ model in address_models)

find_duplicates(self, device_data: DeviceData) -» List[List[Address]]:

domain_id: Id self. find domain_id by device_data(device_data)
subquery = (

select(Checkr

fillter(CheckPointAddre del.domain_id domain_id)

.group_by(CheckPointAddressMode]

-alias(“subquery®)

duplicated_address_models
self._session ssModel
.Join(subquery, ckPointA sModel . ip_address subquery.c.ip_address)

grouped_addresses defaultdict(list)
address_sodel in duplicated_address_models:
address_entity « self. mapper.model_to_entity(address_model)
key address_entity.ip address
grouped_addresses[key).append(address_entity)

list(grouped_addresses.values())




find_by protocols_and

self. model n_(str_protocols_with_no_port

)s

self. model.dc C domain_id,

»1_to_entity(model) model in service_models])

icates(self, device data: DeviceData) -> List[List[Service]]:

domain_id: Id « self. find_ 3in_id_by device_data(device_data)

duplicates_subquery

("src_port™),
("dst_port™),

timeout™),

default,

id domain_id)

“None"),

“t, "None™),

func.count() > 1)
ey ()

duplicated_services
self. session.que
.join(
duplicates_subquery,

port, “None™)

port, “None™)

> v
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injector inject
sqlalchesy t func, select
sqlalchemy.ora

domain.connection_objects

domain.entities

domain.value_objects.

domain.value objects.simple value cbjects Id
generic_sql_classes sql_alcheay_store_exception_wrapper
utils class_wrapper

vendor_sodules_implesentation.Ct # trodule.checkpoint_entities.

vendor_modules_isplesentation.ct

vendor_modules_implesentation.Cr PointModule.stores_isplesentation.

vendor_modules_implesentation.CheckPointModule,stores_implementation.

vendor_sodules_imsplesentation. O trodule.stores_isplesentation. «stores. (he

_(self, session: Session, address_sapper: SQULCheckPointAddressMapper):
(0}
session
asddress_mapper

self, ip_address: AbstractipAddress, device _data: DeviceData
1st[CheckPointAddress]:
domain_id: Id « self. f domain y_device s(device_data)
address_models [§
self.
, domain_id-domain_id)

model in address _models)

self, address_list: List[AbstractIpaddress], device_data: DeviceData
st[CheckPointaddress]:
domain_id: Id self. ¢ in_id b C a(device_data)
1ist_str [str(address) ¢ address in address_list)
address_models (
self. session y(self. mode

sdress.in_(1ist_str), self.

model in address_models)
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Restricted Mode is n dow all features.  Manoge

backup_dir,

migration_backup_file_path="$backup_dir_path

red_echo() {
RED= ).
echo

check_containers_status() {
duration=$1

docker_compose_file=$2

green_echo t re uf $duration

start_time=$(date +
$(( $(date - start_time )) -1t $((duration)
container_status=$(docker
green_echo

green_echo "$container_status

green_echo "$container_status” | grep

red_echo t ) t
docker-compose $docker_compose_file
exit 1

» @ Restricted Mode
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check_containers_status() {

green_echo

${El
POSTGRES_DB=$ (docker
$db_container_cmd > $backup_t
green_echo "
has_content=%(%
f $has_content

green_echo “Bac

red_echo "
red_echo

shutdown_alembic_and_run_prod()
green_echo " $docker

hutdown_alembic_containers

shutdown_alembic_and_run_prod() {
green_echo

g $docker_compose
$shutdown_alembic_containers_cmd

green_echo $docker_compose_prod
$build_and_run_prod_containers_cmd || exit
check_containers_status

$APP_CONTAINERS_HI

green_echo
containers=$(docker T

[ -2

red_echo "No rur

$containers” ;

green_echo g

docker $containers

container in $containers;
[ $(docker pe
echo

sleep 1
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VIRONMENT_|
ENVIRONMENT_NAME
r_path

IAME

-d $POSTGRES_|

-U $POSTGRES, DB

$migration_backup_file_

_alembic

EALTHCHECK_DURATION" “$docker_compose_prod

$container

$container

$migration_backup_file_path"




container $containers;
e [ $(docker t $container) ==
echo t t $container t t

sleep 1

green_echo
docker
green_echo

green_echo ata $docker_compose_alembic

$build_and_run ic_containers_cmd || exit
check_contai tus "$ALEMBIC_CONTAINERS_HEALTHCHECK_DURATION" "$docker_compose_alembic

current_db_head=$($a
current_alembic_head= o c $alembic_dir_path && $alembic_heads_cmd")
green_echo t taba Y t_db_head

green_echo t $current_alembic_head

f | echo "$current_db_head" | grep $current_alembic_head"; the

green_echo
create_database_backup

echo e to the m ! $current alembic head
0A0

green_echo

green_echo "No migrat
shutdown_alembic_and_run_prod
exit @

green_echo "Chec

c_current_cmd" )

$current_alembic_head."

The run_app_entrypoint.sh script is designed to manage Docker containers, including starting,
stopping, and monitoring production containers and Alembic containers used for database
migrations. The script also includes functions for creating database backups and checking the

status of containers.

I have modified above script, including the integration of AI/ML models and graphene diodes:
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wlow to enable all features.  Manage  Leam Mo

GREEN

ontainers_status()

$1

ricted Mode is intended for safe code bros s ndow to enable all features.  Manooe

fun_app_entrypointsh @

1t $((durati
green_echo
green_echo

green_e

green_echo
has_contents=$($db_contai
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Monage

ckup

stricted Mode is intended code browsing. Trust this window to enable all features, Manage

run_app_entrypointsh ®

network prune

current_alembic
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Restricted Mode & o sing. Trus dinclow to enable ol features.  Manoge  Leam Mare

$ run_app_entry;

s, Manage  Leam More

Figure 51 Application developed to integrate data collection from graphene diodes with
endpoint management (for example with firewall, MS Endpoint Manager or Configuration
Manager of Microsoft, or AirWatch for data protection, routing, collection, storage, transfer,

loading mechanism.
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In this solution, I have added sections for starting AI/ML model containers and graphene diode
containers. The AI/ML model containers are managed using a new Docker Compose file
(docker-compose.ai_ml.yml), and the graphene diode containers are managed using another
Docker Compose file (docker-compose.graphene.yml). The script builds and runs these

containers and checks their status to ensure they are up and running.

I can customize the Docker Compose files (docker-compose.ai ml.yml and docker-
compose.graphene.yml) to include the specific configurations and dependencies needed for my

AI/ML models and graphene diodes to adjust for brain strokes and migrene with aura diagnosis.

While not sharing with data of my children and my own, I have introduced the system that can

be used by any medical center, doctors for taking decisions on patient treatments.

Implementing firewall rules in neural networks and Deep Brain Stimulation (DBS) systems
after collecting data from graphene diodes involves several steps to ensure security and efficient

data processing.

Modify Firewall Rules

Modify rule

@ Firewall Rule ID Action Source Destination Service Description Rule name:
CP-GW-DEMO ~ |3 D PERMIT ~ t test test_rule
Firewall Rule ID Action Source Destination Service Description Rule narme
No data to display
Address Object - Modify
Address object table
Madify address object
@ Firewall Address Object Name 1P address Description
CP-GW-DEMO v TestObjectCAT 10.- TestObjectCAT
CEI S Modify address object
Firewall Address Object Mame IP address Description

No data to display

) Address Group Object - Modify
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Address Group Object Name Member Description
Non
(X2 Remove address group object
Firewall Address Group Object Name Member Description
No data to display
Service Object Nam Port Protocol Description
Noo
Remove service object
Firawall Service Object Name Port Protocol  Description
No data to display
vice Group Object Name Member Deseription
Norw
R Remove service group object

Firewall Service Group Object Name Member Description

No data to display

Show data for last:

Failed requests » Server response time Server requests y Availability

uTCH0100 6 g UTC+01:00 UTC401:00

Failed requests (Count), omadateam... |0 Server response time (Avg), omad... | 17.95sec Server requests (Count), omadateam... |119 Availability (Avg), omadateamsphon.

Data Collection from Graphene Diodes

Graphene diodes are used to collect high-quality neural data due to their excellent electrical
conductivity and biocompatibility. This data includes neural signals and other relevant metrics

that are crucial for DBS.

Neural Networks for Data Processing

Neural networks, particularly deep learning models, can process and analyze the collected data
to optimize DBS parameters. These models can identify patterns and predict outcomes,

enhancing the effectiveness of DBS treatments.
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| Local Time: Last 30 days Roles = All

Operations Dependencies Exceptions Roles

Failed request count

Select operation
OPERATION NAME

Overall

Implementing Firewall Rules
To secure the neural data and DBS systems, firewall rules are implemented as follows:

Data Encryption: Encrypting data collected from graphene diodes ensures that it is protected

during transmission and storage. This prevents unauthorized access and tampering.

Access Control: Firewall rules are set to control access to the DBS system. Only authorized

personnel and devices can access the neural data and control the DBS system.

Intrusion Detection: Machine learning algorithms can be used to detect anomalies and
potential security threats in the data traffic. These algorithms can identify unusual patterns that

may indicate a security breach.

Network Segmentation: Segmenting the network ensures that sensitive neural data is isolated

from other parts of the network. This minimizes the risk of data leakage and enhances security.

Regular Updates: Firewall rules and security protocols are regularly updated to address new

threats and vulnerabilities. This ensures that the DBS system remains secure over time.
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Integration with AI/ML and Cybersecurity

Al and ML models can continuously monitor the neural data and firewall performance, making
real-time adjustments to enhance security and efficiency. Cybersecurity measures, such as

intrusion prevention systems, can be integrated to provide an additional layer of protection.

By combining these technologies, we can create a secure and efficient DBS system that

leverages the high-quality data collected from graphene diodes

Cybersecurity, observability and monitoring solution for central patient monitoring health
application and nanotechnology diodes and future solutions of equipment on multi-platform OS

The integration of advanced technologies such as Nexthink, artificial intelligence (AI), machine
learning (ML), large language models (LLM), and generative Al in healthcare applications
presents a transformative approach to cybersecurity, observability, and monitoring. This thesis
explores the development and commercial application of Nexthink in central patient monitoring
health applications and nanotechnology diodes, with a focus on Al-driven charge transfer

mechanisms in deep brain stimulation (DBS) for the diagnosis and treatment of brain diseases.

Nexthink Capabilities

Nexthink's platform offers comprehensive tools for digital employee experience management,

which can be adapted for healthcare applications. Key capabilities include:

e Al-Powered Diagnostics: Nexthink uses Al to monitor and compare technology
performance across devices, operating systems, applications, and network connectivity.

e Real-Time Alerting and Remediation: The platform provides real-time insights and
recommendations for fixing issues, ensuring optimal digital experiences.

e Visibility and Analytics: Nexthink Infinity unlocks visibility across employee devices,

applications, operating systems, physical locations, and network connectivity.
Integration with Healthcare Applications

For central patient monitoring health applications, Nexthink's capabilities can be leveraged to

ensure robust cybersecurity, observability, and monitoring from different perspective, like:

e Cybersecurity: Implementing Nexthink's Al-powered diagnostics can help identify and

mitigate security threats in real-time, ensuring patient data protection.
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Observability: Nexthink's real-time alerting and analytics can provide continuous
monitoring of patient health data, enabling proactive interventions.
Monitoring: The platform's visibility across devices and applications can ensure

seamless integration and monitoring of health applications and nanotechnology diodes.

Al and Charge Transfer in DBS

Integrating AI with charge transfer mechanisms in DBS involves several innovative

approaches:

Graphene Diodes: Utilizing graphene diodes for monitoring cerebral blood flow
dynamics and providing electrical stimulation to enhance brain oxygenation and
mitigate stroke risks.

Predictive Modeling: Leveraging Al and ML for predictive analysis to foresee potential
health issues and enable proactive interventions.

Generative Al: Implementing generative Al for personalized treatment plans and real-

time monitoring and adjustment of DBS.

Future Solutions and Multi-Platform Integration

To develop future solutions for equipment on multi-platform OS, consider the following steps:

Multi-Platform Integration: Ensure compatibility and seamless integration of health
applications across various operating systems using Nexthink's Al-powered insights
Regulatory and Ethical Considerations: Address regulatory and ethical considerations
for Al and cybersecurity in healthcare applications.

Advanced Applications: Explore advanced applications such as responsible Al
implementation and evaluation, optimizing deep learning models, and integrating neural

networks for data processing.

By leveraging Nexthink's capabilities and integrating Al with charge transfer mechanisms in

DBS, there is a possibility to develop robust cybersecurity, observability, and monitoring

solutions for central patient monitoring health applications and nanotechnology diodes. These

approaches will enhance patient outcomes and ensure the responsible use of Al in healthcare.

186 |Page



Digital Experience

Overview Benchmark

Employees' Experience Scores

s 38.2k/107.5k

Employees with frustrating or
average experience

73100
Technology score @ 11 k
Hours lost per week

73/100 -

DEX score @
Sentiment score @ 30 69100

Sep 2024 Feb 2025 Industry DEX score
DEX score Technology score @ Sentiment score

@ Technology © Sentiment

@ No data to display for sentiment

69.3K 1075k > 31.8K 075k 6.4K 1075«
ﬂﬁ Employees with Employees with (;ﬂ Employees with
good experience average experience frustrating
experience
Digital Experience
Overview Benchmark
Display | Score v —

@ Score represents the impact of IT environment issues and their frequency on employees' experience

Endpoint 7 Applications &

Logon speed 62/100 BancTec §3/100
Boot speed 81/100 Martha 79/100
Virtual session lag 86/10¢ | EUCA - Microsoft Office Suite 96/100

Device performance 89/100 Aria 98/100
Network quality 96/100 Juror 100/100
Device reliability 97/10¢ Cloudhouse_Apps_1 100/100
Software performance 99/100 8x8 100/100

Software reliability

| Casrec -
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Department
Technology score = Sentiment score
0 -

21—

&
s

Top lagging metrics

Technical ‘Working environment
0S  OSversion  Devicetype  Device manufacturer  Device model Country  State
Windows 10 Pro 22H2 70 -
rmany
Windows 11 Pro 23H2 7 itiyid
Kenya
Windows 10 Enterprise 22H2 73 -
Finland
Windows 11 Enterprise 23H2 75 c— s
United Arab Emirates
Windows 10 Enterprise 21H2 76 -
Thailand
Windows 11 Enterprise 24H2 80 -
Anguilla
Windows 11 Enterprise 21H2 84 -
Australia
Windows 10 Pro 21H2 86 -
Nigeria
Unknown 100 -
Ireland
Windows 10 Enterprise 1809 - 100 -
Hungary
Windows 11 Enterprise 22H2 - 100
Digital Experience
Overview Benchmark
You are similar to others in the All industries industry Key benchmarks
Based on data from 400+ companies. Configure benchmark
Top leading metrics
L__].: 73100 = 69 /100 5 e
] Bl Application crashes leading
My DEX score Industry DEX score

Percentage of companies by DEX score

37%

Opts

Al i
Application freezes
Avg. number of freezes per device
My company 4 e
Al i 9.53
0% — - . 1

Avg. number of crashes per device
My company 057

All 3.02

System crashes leading

Avg. number of crashes per device

0.01 —

My company

0.04

leading

100pts

GPU 2 usage lagging
Avg. GPU 2 usage per device
My company 3.58%
All companies - 0.07% *
Memory swap rate lagging

Avg. memory swap rate per device
My company 33.3KB

All companies 15.3KB

CPU interrupt usage lagging

Avg. CPU interrupt usage per device
My company 0.21%
Al 013%

The development of a comprehensive monitoring system across multiple platforms is inherently

complex and likely warrants a separate PhD thesis. In the interim, for multi-platform adoption,

it is essential to meet minimum equipment and software requirements. Ultimately, this endeavor

is of paramount importance as it pertains to human life and the integrity of human data.
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APPLICATIONS
Applications overview

Display [ Crashes per employee v ] Desktop metric

17 applications (10 with metric “Crashes per employee”) Sortby | Crashes per employee — highest to lo... v } [ Q. Type here to search

Cloudhouse_Apps_1 Desktop Juror

>0 >0

Desktop

DIAGNOSTICS

System crashes

& Past7

System crashes occurred on 950 devices

950 /# Troubleshoot

Devices with crashes

7 Benchmark

Percentage of devices with issues *
5.45%
My company  0.95% mmmmmme
olilina 1. ..|||.|||||L. o LEEY Sy J“ll““"l.. AR ||||||"lln.|| ...... l|||||||||.. .||
Feb 2012:00 PM Feb 27 11:00 AM
> Device model Not relevant

Technical

F— B—

p— p— B = —

DRIVER POWER STATE_FAILURE m 202

SYSTEM_THREAD_EXCEPTION_NOT_HANDLEDM - 122 s 122 e

PDC_WATCHDOG_TIMEOUT o 75 com— @ Nodata to cisphay, The remote scton \Get ol yor
DPC_WATCHDOG VIOLATION o 85

SYSTEM_SERVICE_EXCEPTION ” 8

MEMORY_MANAGEMENT 59 e 44—

= [ p— P p—
PAGE_FAULT.IN_NONPAGED_AREA 53— B
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DiAGNOSTICS

Boot and login

Davicename . | | Dovcatyps | | Operatingsystem ., | | OSbulki
Any Any Any Any

usarname
Any

wanutacturer |, | | Doviesmosel
Any Any

Login duration: Time until desktop s ready

country
Any

enny | | Dsparment
Any Any Cloar filters
Boot i Login

Overview Boot duration Login duration: Time until desktop s visibie
DEX boot speed score
916
857 i
DEX boot speed
score
100 -
o
Feb 211:00 AM
Boot duration
W0 15 | pasage
© 32s
422ms
Average boot duration
Jan 2900 AM
DIAGNOSTICS
Device and binary memory
Device manufacturer Devicemodel , | | Device name
Any Any

Devices with memory issues Applications and binaries

Devices with memory issues in last 7 days

© 18.2k

Total devices @

068+ 514

Average number of <
9 Average number of execution
execution crashes per ”
3 freezes per device ®
device

Operating system
Any

Appécation name
Any

Hardware memory: Devices with memory issues in last 7 days

From O to 8 GB =3

©16.3k

775 Devices with 0 to 8 GB
g hardware memory @
Avg. memory

usage (%)
100

From 8 to 16 GB (=3

© 1.93k"

Devices with 9 to 16 GB
hardware memory @

705
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8 DEX oot specd secra

W Average boot duration

Binary product name Binary name Entity
Any Any Any Clear filters.
All devices in last 7 days

94.4k

Total devices @

151

Average number of
execution crashes per
s

Feb 27 1:00 AM

&)

Fob 27 1:00 AM I

3.60°

Average number of execution
freezes per device @

Hardware memory: All devices in last 7 days

From O to 8 GB (=

76.6

Avg. memory
usage (%)
100

From 9to 16 GB [

549

19.0k -

Devices with 0 to 8 GB hardware
memory @

74.8k -

Devices with 9 1o 16 GB hardware
memory



oucNosTICS
Device and binary memory

(o5

Device manutacturer , | | Devicemodel , | | Devicename . | | Operatingsystem | | Appicationname , | | Binary productname , | | Binaryname | | | Envty |
Any Any Any Any Any Any Any Any Clear filters
Devices with memory issues Applications and binarles.
From 9 to 16 GB From 9to 16 GB
© 193k 74.8k
705 Devices with 9 to 16 GB 54.9 Devices with 8 to 16 GB hardware
- hardware memory @ 8 mory @
Avg. memory Avg. memory
usage (%) usage (%)
100
17 GB or more 17 GB or more (=Y
© 34 609
Devices with 17+ G8 Devices with 17+ GB hardware
105 hardware memory @ 52.9 memory ®
Avg. memory . memory
usage (%) usage (%)
1

Hardware & OS: Devices with memory issues in last 7 days

Breakdown by manufacturer © s3]
Number of devices
Lenovo 9.30
Microsoft. 7.06k
Apple [ —
Dell 802 m—
oasHBORRDS

Browsers - Stability and compliance

Hardware & OS: All devices in last 7 days

Breakdown by manufacturer © 8 [I]
Number of devices
Lenovo 54.6k
Dell 24.5k
Microsoft - 137K se——
Apple 158K m—
- 53

Clear fiters

oevcename | [ospiatom _ | [Enuty _ | [[Department _ | [Procuctname , | [‘@maryname _ | ["srowser comptancetype
Any any any Any’ Any any Any
Summary Relabilty Adoption Performance Connectiviy Versioning Plugins
Average memory usage
680 MB.
1.66k Average memory usage by
Devices (>10% browsers @
8 memory usage)
91.2k
0B
Feb 21100 AM
Average memory usage by browser a8
Average memory usage Devices
Brave Browser 19608 1
Firefox Developer Edition 137 0B 2
- s9aMB 7.
Google Chrame s79MB 532 —
Microsot Edge 472MB e [ —

Feb 27 1:00 AM
@ Avorage memory usage

Device memory usage with a high open tab count

@ No data available. Try changing your fiters or timeframe.

0ASHBOARDS
EUCA BAU Daily Dashboard V5.6 (B )(oyaey
DevicaName , | | Geo-Country , | [ Entty | [ Application Company , | | Appiication Procuct Name , | | Appiication Binary Name , | | Remote Action | [ Operating System
Any Any Any Any Ay Any Any Any Clear fiters
Network User performance Assessment Trends Overview DEX - RA details
Binary execution crashes @ Binary freezes E]
Company Product name Name Version Crashes count  Devices with execution Company  Product name Name Version Number of freezes  Devices w
Microsoft Windows Search searchprotocolhostexe  70.22621.4830 105 265¢ Microsoft  Mictosoft Windows Operating System  dwm.exe 100190414355 7.4k 63.4k
Fibocom Wireless  FwSwitchService  fwswitchservice.exe 1072 362 11k Microsoft  Microsoft Windows Operating System dwm.exe 100226214830 2656k 268K
Microsoft Internet Explorer lexplore.exe 11.019041.4355 201 K Microsoft  Microsoft Windows Operating System explorer.exe 100226214830 264k 25k
Microsoft Internet Explorer lexplore.exe 110226213527 189k 168k - - planetenterprise.exe 22302 207k 192k
- - demagentprocess exe - 180k 657k Microsoft  Microsoft Windows Operating System explorer.exe 100100415487 19.9k 543k

New installations

Package name
Microsoft Edge WebView2 Runtime

Microsoft Edge

Copilot

App Installer

Microsoft OneDrive

Microsoft 365 Copilot

Office 16 Click-to-Run Extensibility Component
Office 16 Click-to-Run Licensing Companent
Windows Clock

Microsoft 365 Apps for enterprise - en-us
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Package version New installations
133.0.3065.82 84.4k
133.0.3065.82 76.2k
1250141210 683k
1253200 615
25.015.0126.0002 537k
18.2502.11940 515K
16.018324.20240 476k
16.018324.20240 474k
1250170 459
1601832420240 452



DASHBOARDS
EUCA BAU Daily Dashboard V5.6

DevicoName , | [ Geo-Country | [ Entity | [ Appiication Company ., | | Appication ProductName , | | Application Binary Name , | | Remote Action | | Operating System
Any Any Any Any Any Any Any Any Clear finers

Applcat Network User performance. Assessment Trends Overview DEX - RA detalls
Devices with hard resets = E] Device with system crashes & @ Devices with Application freezes &8 E] Devices with Application crashes a8 [B
510k 240 249k 867
|
o o o ol
Jan 29 1:00 AM Feb 27 1:00 AM 40 29 1:00 AM Feb271:00 AM 43029100 AM Feb 27 1:00 AM Jan 29 1:00 AM Feb 27100 AM
B Number of devices B Number of Devices B Noof devices B Noof devices
1 Network last 30 d
Network traffic a()
83578
o8
Jan291:00 AM Feb 27100 AM
8 incoming @ Outgoing
DASHBOARDS
EUCA BAU Daily Dashboard V5.6 [EZ20 O
DeviceName | | Geo-Country || Entity ‘ . Nama yName | || RemoteAction . || Operating System
Any Any Any Any Any Any Any Any Clear filters
Device Performance Application Performance Network User performance Assessment Trends Overview DEX - RA details
1 CPU/Memory / GPU / Disk Usage
CPU usage Trend ® E]
o.ooi
Average CPU Usage
o
Feb 21100 AM Feb 27100 AM
W cPu-usage
Memory Usage Trend [B
84108
8.06 GB
Average Memory Usage
o8
Feb 211:00 AM Feb 27 1:00 AM
B Average memory usage
Disk 10ps Trend B
2ms F\
DASHBOARDS
EUCA BAU Daily Dashboard V5.6 CZ
DevcoName | [ Geo-Country | | Entty . | | Applcation Company | | Appication ProcuctNamo , | | Aopication Binary Name , | [ Remote Action | | Operating System
Any Any || Any Any Any Any Any Clear fiters
Device Performance Application Performance Network User performance Assessment ‘Trends Overview DEX - RA details
o8|
Feb211:00 AM Feb 27 100 AM
 Average memory usage
Disk [0ps Trend 0
2ms
2ms
Average Disk 10ps
Fob 21100 AM Fob 27 100 AM
® Oiski0ps
GPU Usage Trend )
006
Average GPU Usage
o
Feb 211:00 AM Feb 27 1:00 AM
 GPUUsage
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oASHBOARDS
EUCA Security-Compliance V5.4

3 Last 7gays || By day - E
Devics Information . | | Eniity
Any Any

Clear filters
Antivirus-Details BitLocker Status 0s Compiiance Securty-Tools
| Antivirus - Details
All Antivirus in the Environment E]
915k A -
. otal Devices
. Corporate AV Definition
Total Devices Reparting @ 915k Not Updated ® Microsoft Defender Antivirus 102k
Devices Windows Defender Antivinus 7
Windows Defender 2
91.5k 0
© 87 th without 20
Devices Where corporate corporate Devices Corp AV
Corporate AY is not antivieus antivieus RealTime Protection
Captured ®
20 20
Devices with 2 or more AV Devices with More than 1
instaled Frewall ©
DASHBOARDS
EUCA Security-Compliance V5.4
Device Information Entity
Any Clear filters
Antivirus-Detalls BitLocker Status 0S C St ity-Tools

91,6k © 90.2k © 150 ¢ 121k °715

R o % Devices with Bitlocker AD 5
- " Devices with Bitiocker Devices Where System Devices Encrypted but
Torel Devices Rapaiting Encryption On Drive is Not Encrypted g:::z:ogy not UnProtected @

| TPM Information

039 ©0 *13 013

Devices Where TPM Devices where TPM is o 1-39k
Devices Where TPM is TPM is Present but Not
Not Present ® Present But Not Present but Not Activated © TPM Version Less Than 2.0
Enabled ® OWNED ®

DASHBOARDS
EUCA Security-Compliance V5.4

8 est7oars J(Broay [
Device formation , | [ ety
A P Cleas fitrs
Antivirus-Details BitLocker Status 0S Compliance Security-Tools
| os
© 91.5k ¢ 57
Devices with Supported OS Devices with Out of Support
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Figure 52 Nexthink analyzer for underpinned devices with regards to DBS data storage,
analyzes, transformation compromised with digitalization and end user experience — Patient

data availability on demand with responsible Al of its analysis.

The advent of supercomputers and quantum computers holds significant promise for advancing
medical technology, particularly in the realm of deep brain stimulation. The integration of
graphene diodes to collect comprehensive input data from various physiological factors—such
as brain activity, neurons, the central nervous system, blood pressure, glucose levels, age,
gender, diet, cortisol (stress), muscle tension, spine defects, and other factors—could

revolutionize the detection and prevention of brain strokes and migraines with aura.

Training models with this extensive data necessitates advanced analysis and equipment,
which supercomputers and quantum computers can provide. These powerful machines are
capable of handling the complex computations required to process and analyze the data, thereby
enabling the development of more accurate and effective models for Vojta rehabilitation and

reverse stimulation of the brain in cases of dysfunction.

Moreover, integrating charge transfer measurements of the brain with large language
models (LLMs) and neural networks could enhance the precision and effectiveness of these
models. Ensuring cybersecurity, observability, and monitoring solutions for central patient
monitoring health applications, along with the use of nanotechnology diodes and future
equipment solutions on multi-platform operating systems, is essential to safeguard the data and

ensure reliable performance.

196 |Page



In summary, the release and utilization of supercomputers and quantum computers
could significantly advance the field of deep brain stimulation. These technologies provide the
necessary computational power to analyze complex data and develop innovative solutions for
medical treatments and preventive measures. This approach could lead to more effective and
personalized healthcare solutions, ultimately improving patient outcomes and overall health

management.

How to enrol solutions on multi-platforms and integration with other apps?

Despite I encourage to create from Python, Julia code level application, there are many other
ways to have analysis of brain functioning and underpinned in system of monitoring diodes and
devices, like with use both well-known solutions: Configuration Manager (SCCM) at on-prem
environment, or Microsoft Endpoint Manager (MS Intune) standalone in cloud or as co-
management with SCCM to enroll applications on devices or enroll devices on multi-platforms

of Windows, Linux/MacOS, Android, iOS.

There is a possibility to integrate real programming with solutions type: no code/low code —

like MS Power Platform with Power apps and Power Automate indicates:

Microsoft Power Platform

¢ 7 B B

Power Apps Power Automate Power BI Copilot Studio Power Pages
Application development Process automation Business analytics Conversations / Copilots External websites

| | | | |
b4 N Q )¢ -

Data Al Microsoft Power Managed
connectors Builder Dataverse Fx Environments

Nowadays there's a powerful synergy between traditional programming (like Python or Julia)

and modern enterprise-grade device management and low-code/no-code platforms. There are
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more and more architectural landscapes that can work together for advanced brain-function

monitoring systems or similar applications.
Enterprise Device Management Integration

Using tools like Microsoft Endpoint Manager (Intune) and System Center Configuration
Manager (SCCM) or Airwatch, there are beyond options to:

e Enroll and manage devices across platforms (Windows, macOS, Linux, Android, 10S).

e Deploy and monitor applications that collect or process data from sensors (e.g., EEG,

fNIRS, or diode-based systems).
o Ensure compliance and security for sensitive health or neuroscience data.
e Enable co-management to bridge on-prem and cloud environments.

This is especially useful when deploying software that interfaces with brain-monitoring

hardware across a distributed network of research or clinical devices.
@ Real-Time Brain Function Analysis
Python or Julia can be used for:
e Signal processing (e.g., EEG, EMG, fMRI data).
e Machine learning models for pattern recognition or anomaly detection.
e Real-time data visualization and dashboards.

These can be packaged into apps or services and deployed via Intune/SCCM to target

devices.
Low-Code/No-Code Integration

Microsoft Power Platform (Power Apps, Power Automate, Power BI) allows to:
o Build dashboards for clinicians or researchers to view brain activity in real time.

o Automate workflows, like triggering alerts when abnormal patterns are detected.
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o Integrate with APIs from Python-based services or Azure ML models.
e Create mobile-friendly apps for field use or patient interaction.
For example:
e A Power App could display real-time EEG data streamed from a Python backend.

e Power Automate could trigger Teams alerts or emails when seizure-like patterns are

detected.
&) Bridging the Worlds
There is a possibility to bridge Python/Julia with Power Platform using:
e Azure Functions or Logic Apps to expose Python models as APIs.
e Dataverse or Azure SQL to store processed data.
e Custom connectors in Power Apps to call my backend services.
Limitations:

Integrating Al, ML, and QEEG with graphene electrodes for medical applications like

diagnosing migraines and strokes is promising, but it comes with several limitations:
1. Data Quality and Availability

o Data Quality: High-quality, labeled data is essential for training accurate AI/ML

models. Inconsistent or noisy data can lead to poor model performance.

o Data Availability: Access to comprehensive datasets that include diverse patient

populations is often limited, which can affect the generalizability of the models.

2. Model Interpretability

e Black Box Models: Many AI/ML models, especially deep learning models, are often
considered "black boxes" because their decision-making processes are not easily

interpretable. This lack of transparency can be a barrier to clinical adoption.
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Clinical Trust: Clinicians need to trust and understand AI recommendations to
effectively integrate them into their practice. Lack of interpretability can hinder this

trust

3. Bias and Fairness

Bias in Data: Al models can inherit biases present in the training data, leading to unfair
or inaccurate predictions for certain groups. This is particularly concerning in

healthcare, where biased models can exacerbate health disparities.

Fairness: Ensuring that Al models are fair and do not discriminate against any group is

a significant challenge

4. Integration with Existing Systems

Interoperability: Many healthcare systems use legacy electronic health record (EHR)
systems that are not designed for Al integration. This can make it difficult to implement

Al solutions seamlessly.

Data Fragmentation: Patient data is often siloed across different departments and
institutions, complicating the integration of comprehensive datasets needed for accurate

Al predictions.
Regulatory and Ethical Considerations

Regulation: The regulatory landscape for Al in healthcare is still evolving. Ensuring

compliance with regulations while fostering innovation is a delicate balance.

Ethical Concerns: Issues such as patient consent, data privacy, and the potential misuse

of Al-generated insights need to be carefully managed.

6. Technical Challenges

Real-time Processing: Analyzing QEEG data and making real-time adjustments to

DBS parameters require significant computational resources and efficient algorithms

Graphene Integration: While graphene has excellent properties, integrating it into

medical devices and ensuring its long-term stability and biocompatibility is challenging
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Clinical Validation

e Clinical Trials: Robust clinical trials are necessary to validate the efficacy and safety

of Al-integrated medical devices. These trials can be time-consuming and expensive

o Evidence Generation: Generating evidence that demonstrates real clinical applicability

and benefits to patient outcomes is crucial for widespread adoption.

Addressing these limitations requires a multidisciplinary approach, involving
collaboration between Al researchers, clinicians, regulatory bodies, and ethicists. Continuous
improvement and rigorous validation are essential to ensure that these technologies can be

safely and effectively integrated into clinical practice.

The integration of Al in healthcare brings significant benefits but also raises several

ethical concerns that need careful consideration:
1. Data Privacy and Consent

o Patient Privacy: Al systems often require large amounts of personal health data, raising

concerns about how this data is stored, accessed, and shared.

Ensuring patient privacy and confidentiality is paramount.

o Informed Consent: Patients must be fully informed about how their data will be used

by Al systems, including potential risks and benefits.

As one of the solution to address data privacy and compliance management can be
MS Purview with MS Priva, as reference.

2. Bias and Fairness

o Algorithmic Bias: Al models can inherit biases present in the training data, leading to

unfair or inaccurate predictions for certain groups.

This can exacerbate existing health disparities.

o Equitable Access: Ensuring that Al-driven healthcare solutions are accessible to all

populations, including marginalized and underserved communities, is crucial.

3. Transparency and Accountability
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e Black Box Models: Many Al systems, especially deep learning models, are not easily

interpretable, making it difficult to understand how decisions are made.

. This lack of transparency can hinder trust and accountability.

e Responsibility: Determining who is responsible for Al-driven decisions, especially in

cases of errors or adverse outcomes, is a complex issue.

4. Patient Safety

e Clinical Validation: Al systems must be rigorously tested and validated to ensure they

are safe and effective in clinical settings.

This includes continuous monitoring and updating of algorithms.

o Risk Management: Identifying and mitigating risks associated with Al applications in

healthcare is essential to protect patient safety.

5. Ethical Al Development

o Ethical Guidelines: Developing and adhering to ethical guidelines for Al in healthcare

is necessary to ensure responsible use.

This includes considerations for fairness, transparency, and accountability.

o Stakeholder Involvement: Engaging various stakeholders, including patients,
healthcare providers, and ethicists, in the development and deployment of Al systems

can help address ethical concerns.

6. Impact on Healthcare Professionals

e Role of Physicians: Al can change the role of healthcare professionals, potentially

reducing their autonomy and altering the patient-provider relationship.

Ensuring that AI complements rather than replaces human judgment is important.

e Training and Education: Healthcare professionals need to be trained to work

effectively with Al systems, understanding their capabilities and limitations.

Addressing these ethical concerns requires a multidisciplinary approach, involving

collaboration between Al researchers, clinicians, regulatory bodies, and ethicists. Continuous
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improvement and rigorous validation are essential to ensure that Al technologies can be safely

and effectively integrated into clinical practice.
What is next step?

Recommendations from PhD Thesis: Artificial Intelligence with Charge Transfer in Deep Brain
Stimulation

Introduction: The integration of Artificial Intelligence (Al), Machine Learning (ML),
Large Language Models (LLM), Generative Al, and Cybersecurity with charge transfer and the
Vojta method in Deep Brain Stimulation (DBS) presents a promising approach to enhancing
the diagnosis and treatment of brain diseases. This thesis explores the application of these
technologies to improve treatments for neurological disorders, migraines with aura, and the

recovery of preterm infants and seniors.
Recommendations:
1. Integration of AI, ML, and Advanced Algorithms:

o Data Collection and Analysis: Utilization of Al and ML algorithms for the
collection and analysis of patient data, including neurological signals, motor
patterns, and treatment outcomes. This data can be employed to train models

that predict treatment efficacy and personalize therapy.

o Predictive Modeling: Develop predictive models to identify optimal
stimulation parameters for DBS and forecast the progression of neurological

conditions.

e Real-time Monitoring: Implement real-time monitoring systems that employ

Al to adjust stimulation parameters dynamically based on patient responses.
2. Vojta Method Integration:

e Reflex Locomotion Activation: Utilize Al to analyze and optimize the
activation of reflex locomotion patterns in patients undergoing Vojta therapy.
This can assist in fine-tuning the pressure points and stimulation zones for better

outcomes.
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Patient Monitoring: Implement sensors and Al algorithms to monitor patient
movements and provide feedback to therapists, ensuring precise application of

the Vojta method.

Charge Transfer in Deep Brain Stimulation Science and Nanotechnology Diodes:

Electrode Design: Utilize advanced algorithms to design electrodes that

maximize charge transfer efficiency and minimize tissue damage.

Graphene and Graphene Diodes: Explore the usage of graphene and graphene

diodes for enhancing deep brain stimulation and neuromodulation techniques.

Neurological Rehabilitation:

Personalized Therapy: Develop personalized rehabilitation programs using Al
to tailor exercises and stimulation protocols based on patient progress and

specific needs.

Feedback Systems: Implement feedback systems that use sensors and Al to

track patient progress and adjust therapy in real-time.

Migraine Treatment:

Neuromodulation Devices: Utilize Al to optimize the settings of
neuromodulation devices like transcutaneous vagus nerve stimulators and

transcranial magnetic stimulation devices for migraine treatment.

Patient Data Analysis: Analyze patient data to identify patterns and triggers for

migraines, allowing for more targeted and effective treatments.

Recovery of Preterm Infants and Seniors:

Vital Signs Monitoring: Utilize Al to monitor vital signs and neurological
signals in preterm infants and seniors, providing early detection of potential

issues.

Therapeutic Interventions: Develop Al-driven therapeutic interventions that

can be adjusted based on real-time data to support recovery and development.
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Process of Implementation Steps:

o Data Infrastructure: Establish a robust data infrastructure to collect, store, and process

patient data securely.

o Algorithm Development: Develop and train Al and ML algorithms using historical and

real-time patient data.

o Device Integration: Integrate Al and ML algorithms with medical devices and sensors

to enable real-time monitoring and adjustments.

e Clinical Trials: Conduct clinical trials to validate the efficacy and safety of the

integrated solutions.

e Regulatory Compliance: Ensure all solutions comply with medical regulations and

standards.

Graphene-Based Nasal Electrodes for Neural Stimulation and Diagnostic Monitoring Enhanced
by Al and Nanotechnology

In recent years, the convergence of nanotechnology, artificial intelligence (AI), and biomedical
engineering has enabled the development of highly sophisticated neurotechnological devices.
This chapter presents the conceptualization and design of a novel electrode system engineered
for insertion via the nasal cavity, with the dual purpose of stimulating cerebral activity and
collecting physiological data for diagnostic evaluation. The system is further enhanced by the
integration of Al-driven analytics, generative models, and neurorehabilitation principles such

as the Vojta method.

The nasal route provides a minimally invasive access point to the brain’s frontal regions,
including the olfactory bulb and prefrontal cortex. The proposed electrode system utilizes this
anatomical advantage to deliver targeted electrical stimulation aimed at modulating neural
activity and enhancing cerebral blood flow. Improved perfusion is expected to increase oxygen
delivery to critical brain regions, offering therapeutic potential for conditions such as stroke,

neurodegenerative diseases, and cognitive decline.

Simultaneously, the electrodes are equipped with biosensors capable of capturing

electrophysiological signals, hemodynamic responses, and biochemical markers. These data
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streams are processed in real time using machine learning (ML) algorithms and large language
models (LLMs), which enable adaptive signal interpretation, anomaly detection, and
personalized therapeutic feedback. Generative Al models are employed to simulate neural
responses and optimize stimulation protocols based on individual patient profiles, thereby

enhancing the precision and efficacy of the intervention.

At the core of the device are graphene-based diodes, chosen for their exceptional electrical
conductivity, mechanical flexibility, and surface adaptability. These diodes facilitate efficient
charge transfer across the graphene-semiconductor interface, a process modulated by shifts in
the Fermi level of graphene. External electrical stimuli can dynamically influence this Fermi
level, allowing for fine-tuned control of neural stimulation. The use of nanotechnology in the
fabrication of these components ensures high-resolution interfacing with biological tissues

while maintaining structural integrity and biocompatibility.

The biocompatibility of graphene remains a critical consideration. While graphene exhibits
promising properties for biomedical applications, its interaction with biological tissues is
influenced by factors such as particle size, surface chemistry, and exposure route. Studies have
shown that unmodified graphene may induce oxidative stress and inflammatory responses.
However, functionalization techniques—such as polymer coatings and bioactive surface
modifications—have been shown to mitigate these effects and enhance compatibility with

neural and mucosal tissues.

To further support neurorehabilitation, the system incorporates principles from the Vojta
method, a therapeutic approach that activates innate movement patterns through specific
pressure points. By integrating stimulation protocols aligned with Vojta zones, the device may
facilitate neuroplasticity and motor recovery in patients with neurological impairments. Al
algorithms analyze patient responses to stimulation and adjust the protocol dynamically,

creating a closed-loop system that mirrors the adaptive nature of traditional Vojta therapy.

In conclusion, the proposed nasal-inserted electrode system represents a multidisciplinary
innovation at the intersection of nanotechnology, Al, and neurorehabilitation. The integration
of graphene-based electronics, real-time Al analytics, and therapeutic frameworks such as the
Vojta method offers a comprehensive platform for non-invasive brain stimulation and

diagnostic monitoring. Future research will focus on in vivo validation, long-term safety
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assessments, and the development of personalized stimulation algorithms to fully realize the

clinical potential of this technology.

By following the recommendations of my PhD thesis, there exists an opportunity to develop a
comprehensive and effective approach to enhancing the diagnosis and treatment of brain
diseases using Al, ML, graphene diodes, and charge transfer mechanisms. This initiative is
currently underway, with the hope of early introduction to ethical medical centres, as these are
my primary interests in collaborative efforts. I testify my solution to those who protect human
lives. This interdisciplinary approach holds significant promise for advancing the field of

neurological treatment and improving patient outcomes.
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