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Abstract. In this study, we develop and present an innovative
approach that integrates Mixed Reality (MR) technologies
with neural network algorithms, aiming to revolutionize
molecular structure visualization in bioinformatics through
the application of mathematical methods. The development
includes the creation of a mathematical framework aimed at
optimizing drug discovery processes, utilizing the potential of
MR to facilitate detailed and interactive exploration of
molecules in three-dimensional space.

Our approach is based on the use of Unreal Engine for the
realization of a simulation environment and the application
of Python and PyTorch for the development of complex
neural network models. These models are capable of
efficiently processing and analyzing molecular data, enabling
scientifically grounded manipulation of molecular
structures. This approach facilitates the identification of
potential active sites for interaction with pharmaceutical
agents, improving the efficiency and speed of the drug
discovery process.

A key aspect of our work is the development of a
comprehensive mathematical framework that effectively
simplifies and optimizes molecular design and analysis, while
simultaneously increasing the accuracy of predictions for
interactions between potential drug molecules and their
targets. This approach not only enriches our understanding
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of the molecular basis of diseases but also offers a more
rational and economical path to pharmacological
development.

In conclusion, we propose a new approach that we hope will
be considered and applied by the scientific community. This
method presents a promising opportunity for advancement
in research and development in bioinformatics and
pharmacology, providing a solid foundation for further
exploration of molecular dynamics and drug discovery
through the application of mathematical and computer
sciences.
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I. INTRODUCTION

In our previous research, we build upon the innovative
integration of Mixed Reality (MR) with bioinformatics
from our previous work, by introducing neural network
algorithms to enhance molecular visualization. This
progression involves a deeper mathematical framework
tailored for drug discovery, emphasizing the synergy
between MR's interactive 3D exploration capabilities and
neural networks' analytical precision. Utilizing Unreal
Engine for simulation environments and Python with
PyTorch for neural modeling, we aim to revolutionize
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molecular analysis and design, improving drug discovery's
efficiency and accuracy. This comprehensive approach
seeks to bridge complex molecular dynamics with
pharmacological research, offering a more informed and
cost-effective pathway for developing therapeutic solutions

(11, [4], [13].

In this research explores the innovative application of
mixed reality (MR) in the field of bioinformatics,
particularly in enhancing genomic data analysis and
visualization. It outlines a methodology incorporating
Unreal Engine, MATLAB, and NAMD for dynamic
simulation and visualization, addressing computational and
data processing challenges. Highlighting MR's potential to
improve collaboration, data interpretation, and innovation,
the paper positions MR as a transformative tool for
genomic research, paving the way for advanced exploration
and understanding of complex biological data [6], [7], [9]-

By employing a multidisciplinary methodology that
synergizes Unreal Engine's immersive simulation
capabilities with MATLAB's computational prowess and
NAMD's molecular dynamics simulation, the research
underscores the transformative potential of MR in genomic
studies. This integration facilitates a more intuitive and
interactive examination of complex genomic data,
potentially leading to groundbreaking advancements in
bioinformatics research. The paper argues for the enhanced
collaborative and analytical capabilities afforded by MR,
promising significant strides in the interpretation of
genomic information and the acceleration of bioinformatics
methodologies. This exploration serves as a cornerstone for
future investigations, aiming to leverage MR and
computational innovations to unravel the complexities of
genomic data, thus fostering a deeper understanding of
biological processes and enhancing drug discovery and
development pipelines [12], [14], [15].

In this continuation of our exploration into the
integration of Mixed Reality (MR) technologies in
bioinformatics, we delve into the sophisticated realm of
neural networks. Building on the foundation laid by our
previous study on MR for molecular visualization, we now
introduce advanced neural network algorithms to further
enhance our mathematical framework for drug discovery.
This novel approach leverages the dynamic capabilities of
MR alongside the computational power of neural networks,
aiming to refine and accelerate the identification of
potential drug targets. By incorporating Unreal Engine,
Python, and PyTorch, we develop intricate models for the
meticulous analysis of molecular structures, offering new
insights into the molecular dynamics crucial for
pharmacological innovation. This step forward not only
amplifies our understanding of molecular interactions but
also streamlines the pathway towards more effective and
economically viable drug development [19].

In this article, we explore the application of search
algorithms in the field of artificial intelligence, approaching
them with rigorous mathematical analysis. The search
algorithms we examine include optimization and graph
search methods like A* and genetic algorithms, as well as
neural network models for pattern recognition. We pay
special attention to the mathematical structures underlying
these algorithms, such as the evaluation functions in A*
(f(n) = g(n) + h(n)), where g(n) represents the actual cost
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from the start point to n, and 4(n) is a heuristic estimate of
the distance from n to the goal. This analysis highlights
how mathematical principles and algorithmic strategies can
be combined to develop effective solutions in artificial
intelligence [5], [6], [21]:

A* Algorithm: Utilizes a function f{n) = g(n) + h(n),
where g(n) is the cost from the start point to node n, and
h(n) is a heuristic estimate of the distance from n to the
goal. This approach minimizes the total score f(n) to find
the most efficient path to the goal.

Genetic Algorithms: Model the process of natural
selection, where solutions are represented as a set of genes.
Selection, crossover, and mutation operators are applied to
the solution population to generate new populations with
improved characteristics.

Neural Networks: Mathematically described using
layers of neurons connected by weights, which are adjusted
during training. Training typically uses backpropagation
and optimization methods like gradient descent to
minimize the difference between the actual and expected
output.

II.

The methodology employed in the article centers on the
development of a simulation environment, utilizing Unreal
Engine, a robust platform for creating immersive 3D
environments. This approach is designed to visualize
molecular interactions in real-time, thereby enhancing the
understanding of complex biological processes. The use of
Unreal Engine facilitates detailed modeling and
interactivity, transforming how scientific research
visualizes and analyzes molecules. This approach also
integrates the latest advancements in computational
biology and neural networks, enriching analytical
capabilities and accelerating scientific discoveries [21].

METHODOLOGY

Integrating Python and PyTorch into Unreal Engine 5
(UES) can greatly enhance the capabilities for developing
interactive and intelligent applications. Python offers a
wide range of possibilities for automation, data processing,
and scripting within UES, streamlining development
workflows. PyTorch, being a leading deep learning library,
enables the implementation of advanced machine learning
models, including real-time Al simulations and complex
data analysis directly within the UES environment. This
integration can lead to more dynamic and responsive game
elements, realistic simulations, and innovative uses of Al
in virtual spaces, pushing the boundaries of what's possible
in game development and interactive applications [8].

In our research methodology, we employ
Convolutional Neural Networks (CNNs) for the analysis
and classification of various molecules as potential drugs
and for exploring their application in medicine. These
networks process and analyze large datasets to identify
patterns and characteristics of molecules that could be
crucial for developing new therapies. This approach
enables a deeper understanding of molecular mechanisms
and aids in accelerating the drug discovery process [2], [3].

The application of Convolutional Neural Networks
(CNNs) in our methodology extends to the refinement of
drug discovery processes by enabling precise prediction
and classification of molecular interactions. By leveraging
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the computational power of CNNs, we can systematically
analyze the efficacy and potential side effects of candidate
compounds, thereby streamlining the selection of viable
therapeutic agents. This innovative approach not only
enhances the efficiency of identifying new drugs but also
significantly reduces the time and resources required for
traditional drug discovery methods [4], [11].

The methodology for identifying and analyzing the size
of cavities within molecules and searching for suitable drug
candidates involves computational techniques and
molecular simulation. Initially, molecular structures are
scanned to detect cavities using algorithms that can
accurately map the spatial dimensions of molecules.
Subsequently, analysis tools, often based on principles of
computational chemistry and physics, evaluate the
potential of these cavities to bind with drug-like molecules.
This involves calculating interaction energies, fitting
scores, and assessing the geometric compatibility of
potential drugs with the target site [17].

A mathematical description of the methodology for
identifying and analyzing the size of cavities within
molecules and searching for suitable drug candidates
involves the following steps [11]:

Scanning molecular structures: Let's consider a
molecule M with a spatial structure described in a
coordinate system. With an algorithm denoted as Asca(M),
we can find points in space that form cavities within the
molecule.

Let M represent a molecule with a spatial structure
described by the coordinates of its atoms (let atoms be
indexed asi = 1, 2, ..., N). We can represent this process as
follows:

For each pointr in space (representing a potential cavity
location), we check if it is in proximity to the atoms of
molecule M using the following formula:

N
mlni:llr - | > Rmin
where:
r represents the coordinates of the point in space,

rj represents the coordinates of atom 7 in molecule M,
and

Rpin 18 the minimum distance that should be
maintained between the point rr and the atoms of the
molecule. If the condition in the formula is met, then the
point r is considered part of the cavity within molecule M.

This process continues for each point in space, resulting
in a set of points that constitute the cavities within molecule
M.

Computational chemistry and physics: Using principles
from computational chemistry and physics, we can define
a function E(M) that calculates the energy of interaction
between the cavities and potential drug candidates.

N
E(M) = Z E,
i=1

Calculation of interaction energies: We provide the
function E(M) and determine the values of interaction
energies E; for each cavity i.
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Assessment of compatibility: Using geometric
parameters and mathematical models, we can assess the
degree of compatibility between the cavities and potential
drug candidates. This can be represented as a function S(i)
that evaluates compatibility for each cavity i.

These mathematical algorithms and functions are used
in conjunction with specialized software tools and
optimization models to automate the process of searching
for suitable drug candidates, minimizing the overall
interaction energy, and maximizing the compatibility
between molecules [10].

I1I.

Unreal Engine 5 (UES) offers robust capabilities for
integrating and utilizing artificial intelligence (Al) in the
development of games and virtual environments. Here are
some of the key features and tools that UES provides for
working with Al:

RESULT AND DISCUSSION

1. Advanced Navigation System: UES5 is equipped with
an advanced navigation system that enables Al characters
(NPCs) to move through complex environments
intelligently. This system supports the automatic
generation of navigation meshes, facilitating NPCs in
avoiding obstacles and pursuing players or other targets
within the environment efficiently.

2. Behavior Trees and Blackboard Components: UES
utilizes Behavior Trees and Blackboard components for
crafting intricate Al behaviors. Behavior Trees allow
developers to structure Al logic in decision trees, whereas
the Blackboard serves as a shared memory for Al agents,
enabling the storage of statuses and decision-making based
on variables.

3. Al Perception System: The Al Perception System in
UES enables Al agents to detect players and other objects
within the environment through vision, hearing, and other
sensors. This allows for the creation of more realistic NPC
behaviors that respond to changes in their surroundings.

4. Machine Learning and Al Model Integration: While
UES does not directly provide support for machine learning
within the engine, developers can integrate external
machine learning models and Al tools through plugins and
APIs. This enables the incorporation of sophisticated Al
algorithms and models for behavior prediction, automation,
and analysis in games and applications.

5. Support for Agents and Multi-user Al: UES supports
the creation of complex multi-user environments with
multiple Al agents that can interact with each other and
with players in real time.

6. Graphical Al Editor: UES5 offers visual tools for
creating and debugging Al logic, making the development
process accessible and convenient for developers without
extensive programming knowledge.

These capabilities make UES an exceptionally powerful
tool for creating dynamic and intelligent virtual
environments where Al plays a central role in character
behavior and game dynamics.

Our objective is to employ the methodology of drug
discovery as a game, where the disease represents the
adversarial player, and the identification of a cure signifies
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victory. This paradigm conceptualizes the complex process
of drug discovery as a strategic contest, in which the
pathogen or disease condition is the antagonist that must be
outmaneuvered or defeated. The pursuit of therapeutics
becomes a series of strategic moves akin to a game, where
understanding the biology of the disease, identifying
potential targets, and developing molecules that can
effectively interact with these targets are critical steps
towards achieving victory. This approach emphasizes the
dynamic and competitive nature of the drug discovery
process, framing it as an intellectual challenge where
success is achieved through strategic thinking, scientific
insight, and innovative experimentation.

Our development is grounded in the utilization of
Unreal Engine for creating a simulation environment,
coupled with the deployment of Python and PyTorch for
the construction of complex neural network models. These
models are adept at processing and analyzing molecular
data, enabling the scientifically grounded manipulation of
molecular structures. This methodology facilitates the
identification of potential active sites for interaction with
pharmaceutical agents, enhancing the drug discovery
process's efficiency and speed. We have devised a
comprehensive mathematical framework that simplifies
and optimizes molecular design and analysis while
increasing the accuracy of predictions for interactions
between potential drug molecules and their targets. This
approach not only deepens our understanding of the
molecular foundations of diseases but also provides a more
rational and cost-effective route to pharmacological
development.

We utilize PyTorch for its dynamic computational
graph that allows for flexibility in adjusting and optimizing
neural network architectures during runtime. This
capability is particularly beneficial for experimenting with
complex molecular data, where models may need to evolve
as new insights are gained. PyTorch's extensive library of
pre-built functions and modules simplifies the process of
implementing deep learning models, enabling efficient
processing, analysis, and prediction of molecular
interactions and structures. Its intuitive syntax and ease of
use facilitate rapid development and testing of neural
network models within our simulation environment [5],
10].

In this example, we defined a simple neural network
using PyTorch for binary classification with one hidden
layer.

x = F.dropout(x, training=self.training)
x = self.conv2 (x, edge index)
return F.log softmax(x, dim=1)

num_node features = 9
atom has 9 features
num_classes = 3 # For example, if we have
3 classes for molecules

model = GNN(num node features, num classes)

# For example, if each

data = ...
here
output = model (data)}

# You need to load your graph data

import torch
import torch.nn as nn
import torch.nn.functional as F
from torch geometric.nn import GCNConv
# Define the GNN model
class GNN(nn.Module) :
def init (self, num node features,
num classes):
super (GNN, self). init ()
self.convl = GCNConv (num node features,
16)
self.conv2 = GCNConv (16, num classes)
def forward(self, data):
x, edge index = data.x, data.edge index
x = self.convl(x, edge index)
x = F.relu(x)
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This simple model demonstrates how PyTorch can be
utilized to build neural networks for tasks like molecular
classification in drug design, where efficient processing
and analysis of molecular data are critical for identifying
promising compounds — Fig. 1.

Inputs

Layer of Neurons

Where

R = number of
elements in
input vector

S = number of
neurons in layer

a={Wp+h)

Fig.1 Simple neural network for binary classification /copy from
https://www.mathworks.com/help/deeplearning/ug/neural-network-
architectures.html/

The model defined above, *ComplexCNN", is a more
sophisticated convolutional neural network (CNN)
designed for classification tasks in computer vision using
PyTorch. This model includes [1], [2]:

- Three convolutional layers (‘convl’, ‘conv2’,
‘conv3") with increasing numbers of channels (32, 64, and
128), each followed by a ReLU activation function to
introduce non-linearity and a max pooling layer to reduce
spatial dimensions and capture important features while
discarding irrelevant information.

- A pooling layer ('pool’) with a 2x2 kernel and a stride
of 2, applied after each convolutional layer to further
reduce the size of the feature maps.

- Three fully connected layers (‘fcl’, *fc2, *fc3") to
perform classification based on the features extracted by
the convolutional layers. The final layer outputs a vector of
size 10, assuming there are 10 classes for the classification
task.

This architecture is typical for computer vision tasks
where the input is an image (in this case, with 3 color
channels), and the goal is to classify the image into one of
several categories. The use of convolutional layers allows
the network to learn spatial hierarchies of features from the
input images, making it well-suited for handling the
complexities of visual data [4].
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The pedagogical process of supervised model training
encompasses the optimization of model parameters to
diminish the discrepancy between the model's
prognosticated output values and the veritable labels of the
training data. A pivotal element of this methodology is the
computation of the loss function and the employment of
backpropagation for the updating of model weights.
Predominantly, the cross-entropy function is utilized for
classification tasks, whereas the mean squared error serves
for regression challenges.

Cross-Entropy Loss (for Classification):
L) == ) yilog®)
i

Herein, y represents the genuine label (encoded in one-
hot encoding format), whilst § delineates the probability
forecasted by the model for each class.

Mean Squared Error (for Regression):
n
PN 1 ~\2
MSE(y,9) == > (v = )
i=1

In this equation, y is the authentic value, ¥ is the value
prognosticated by the model, and » signifies the count of
instances in the dataset.

Unsupervised Learning

In the realm of unsupervised learning, the model
endeavors to unearth latent structures or patterns within the
data devoid of preassigned labels. Clustering, exemplified
by the K-means method, stands as one of the quintessential
techniques in unsupervised learning.

K-means Clustering:

The objective of K-means clustering is to minimize the
sum of squared distances between points and their nearest
cluster centroid.

n K
]=Zzwik|xi—uk|2

i=1 k=1

Wherein 7 is the number of examples, K is the cluster
count, wi is a binary indicator denoting whether example i
belongs to cluster £, x; is the example under consideration,
and i is the centroid of cluster & [5], [6].

These formulas provide the mathematical foundation
for model training in machine learning, with the
methodologies for supervised and unsupervised learning
being applied in accordance with the specifics of the task
and the data available — Fig. 2.

290

Input Image

Sliding window

| T
‘ E T mmm
d 5* B \*III >

Filters ﬁ I HHHH- L
5 VR -

Eve o

sult age

The new feature map is the next input

Fig.2. Complex CNN model for classification in computer vision
/copy from https://www.mathworks.com/ /

Within the ambit of the present study, we contemplate
the integration of voice commands for the control of
simulation processes as a substantial facilitation of both
interactivity and efficiency within such systems. Against
the backdrop of advancements in automated speech
recognition (ASR) and the incursion of deep learning
paradigms into this domain, this investigation presents a
methodology for the development of a foundational ASR
model. The construct is predicated upon the Python
programming language, with a pronounced emphasis on
the deployment of the ‘librosa’ library for audio signal
processing and ‘PyTorch’, a leading framework for neural
networks [5], [10].

In the context of the investigation, NAMD is
indispensable for generating empirical data foundational to
the establishment of the mathematical framework proposed
for the optimization of drug discovery processes. NAMD’s
computational capabilities facilitate the simulation of
molecular dynamics, providing quantitative insights into
atomic interactions and conformational shifts. This
simulated output is crucial for constructing an accurate and
dynamic representation of molecular systems [18], [20],
[22].

When integrated with the proposed framework, the
output from NAMD undergoes analytical scrutiny through
advanced neural network algorithms, realized through
Python and PyTorch. These algorithms conduct a
computational analysis of the simulation data, unveiling
patterns and interactions not immediately observable. The
predictive capacity of neural networks enhances the
process of identifying potential active sites and interaction
profiles of pharmaceutical relevance.

Moreover, the investigation envisages the use of Unreal
Engine’s simulation environment to transpose molecular
dynamics data into a Mixed Reality (MR) interface. Herein,
molecular dynamics simulations from NAMD are
transformed into a three-dimensional, interactive space.
This MR interface is not merely a visual aid but a scientific
apparatus, enabling real-time manipulation of molecular
constructs and observation of potential pharmacological
interactions within an immersive and intuitive framework
[19].

The amalgamation of NAMD’s molecular dynamics
simulations with data analysis driven by neural networks
and the visualization capabilities of MR leads to a
comprehensive approach towards molecular design and
drug discovery. This confluence aims to surpass traditional
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methodologies, promoting a more economical and
systematic pathway towards pharmacological innovations
[8], [22].

Thus, within the context of the investigation, NAMD
emerges not just as a simulation tool but as a cornerstone
element that, in conjunction with the proposed
mathematical framework, neural networks, and mixed
reality technologies, heralds a new era of precision and
interactivity in bioinformatics and drug discovery [20].

IV. CONCLUSIONS

The fusion of Unreal Engine, MATLAB, and NAMD
into a singular methodology represents a groundbreaking
advancement in the realm of bioinformatics research. This
synergistic approach enables researchers to harness
dynamic simulation, sophisticated visualization, and
interactive exploration for the nuanced analysis of
genomic data. Through the integration of Unreal Engine
and MATLAB, a fluid workflow is established, extending
from the initial phases of data processing to the real-time
visualization of complex genomic  structures.
Concurrently, the incorporation of NAMD introduces
potent molecular dynamics simulation capabilities, further
enriching the research toolkit available for probing the
intricacies of genomic phenomena [22].

The integration of Mixed Reality (MR) technologies
and neural network algorithms, as discussed in the context
of the provided document and elaborated models, signifies
a pioneering stride towards the augmentation of molecular
structure visualization within the bioinformatics field.
This innovative methodology, leveraging the Unreal
Engine for simulation environments alongside Python and
PyTorch for neural network model development,
underscores a multidisciplinary approach to enhancing
drug discovery processes. The inception of a mathematical
framework dedicated to the optimization of drug discovery
processes delineates a novel paradigm that melds the
immersive capabilities of MR with the analytical prowess
of neural networks. This amalgamation facilitates a more
nuanced and interactive exploration of molecular
structures in three-dimensional space, thereby enabling a
more profound and scientifically informed manipulation
of these structures [23]. The proficiency of this approach
in identifying potential active sites for interaction with
pharmaceutical agents notably augments the efficiency
and velocity of the drug discovery process. Furthermore,
the establishment of a comprehensive mathematical
framework that streamlines and refines molecular design
and analysis epitomizes a significant advancement. This
framework not only elevates the precision of predictions
concerning the interactions between potential drug
molecules and their targets but also catalyzes a deeper
comprehension of the molecular underpinnings of
diseases. Consequently, it paves the way for a more logical
and cost-effective trajectory towards pharmacological
innovation. In summation, the proposition of this novel
approach heralds a promising avenue for progress in
bioinformatics and pharmacological research and
development. By harnessing the synergy between
mathematical, computational sciences, and MR
technologies, this methodology offers a robust foundation

for the ongoing exploration of molecular dynamics and
drug discovery. It is envisaged that the scientific
community will recognize and adopt this approach,
thereby leveraging its potential to foster significant
advancements in the field [12].
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