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ABSTRACT 
The human brain is a highly complex system that processes and stores vast amounts of information. 
Neurons are the basic building blocks of the brain, and their collective activity gives rise to the 
complex behavior of the brain. One of the challenges in studying neuronal networks is to understand 
how the system processes and stores information. In this article, we review the current state of 
knowledge regarding the use of systems biology and neuronal parameter estimation techniques to 
investigate information redundancy in neuronal networks. We also describe the research methodology 
used to estimate neuronal parameters and analyze information redundancy in neuronal networks. Our 
results suggest that information redundancy is an important feature of neuronal networks, and that it 
may play a role in the brain's ability to process and store information. 
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1.0 INTRODUCTION 
The human brain is a complex system consisting of billions of neurons, each of which communicates 
with other neurons through synaptic connections. Understanding the mechanisms by which the brain 
processes and stores information is a major challenge in neuroscience. One key aspect of this problem 
is understanding the role of information redundancy in neuronal networks. Information redundancy 
refers to the presence of multiple sources of information in a system that encode the same or similar 
information. In neuronal networks, redundancy is thought to play a role in the robustness and stability 
of the system [1-17]. 

The brain is a complex system that can be studied from multiple perspectives, including neurobiology, 
psychology, and systems biology. One of the challenges in understanding the brain is the need to 
integrate information from different levels of organization, from the molecular and cellular to the 
systems level. To address this challenge, researchers have developed computational models that allow 
them to simulate and study the behavior of neuronal networks. However, the accuracy of these models 
depends on the quality of the parameters that are used to describe the behavior of individual neurons 
and synapses. In particular, one issue that arises is the presence of information redundancy, where 
multiple parameters can give rise to similar network behavior. This article will review the literature on 
the estimation of neuronal parameters in the context of systems biology and the problem of information 
redundancy [18-33]. 

2.0 LITERATURE REVIEW 
Systems biology and neuronal parameter estimation are two powerful tools for investigating the 
dynamics of neuronal networks. Systems biology involves the use of computational models to study 
the behavior of biological systems. Neuronal parameter estimation involves the use of experimental 
data to estimate the parameters of mathematical models of neurons. These techniques have been used 
to investigate a wide range of phenomena in neuroscience, including synaptic plasticity, network 
oscillations, and sensory processing [1-7]. 

Recent studies have shown that information redundancy is a common feature of neuronal networks. For 
example, studies of the visual system have shown that neurons in the primary visual cortex respond to 
similar features of visual stimuli, indicating that there is redundancy in the information encoded by 
these neurons. Similarly, studies of the auditory system have shown that neurons in the auditory cortex 
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respond to similar acoustic features, indicating that there is redundancy in the information encoded by 
these neurons [8-17]. 

Studies have shown that the estimation of neuronal parameters is crucial for accurate modeling of 
neuronal behavior and network dynamics. In the past, this process relied on experimental 
measurements of individual neuron properties, such as the resting potential and spike threshold. 
However, with the advent of computational techniques and systems biology, researchers have begun to 
use more sophisticated methods to estimate these parameters [18-26]. 

One of the most commonly used techniques is the Izhikevich model, which is a simple yet effective 
model that can reproduce a wide range of neuronal behaviors. The Izhikevich model has been used 
extensively to study neural networks, and researchers have developed several algorithms for estimating 
model parameters from experimental data [27-34]. 

More recently, researchers have begun to use machine learning techniques to estimate neuronal 
parameters. These techniques are particularly useful when dealing with large datasets and complex 
networks. For example, researchers have used deep learning algorithms to estimate the parameters of 
large-scale neuronal models, which would be challenging to estimate using traditional methods [35-
40]. 

However, a major challenge in the estimation of neuronal parameters is the problem of information 
redundancy. This occurs when multiple combinations of parameters can give rise to similar network 
behavior. To address this issue, researchers have developed various techniques to reduce information 
redundancy, including the use of Bayesian methods and dimensionality reduction techniques [1-6]. 

Bayesian methods have been used to estimate the distribution of model parameters given experimental 
data. This approach can help identify regions of parameter space that are consistent with experimental 
data, reducing the number of possible parameter combinations [7-10]. 

Dimensionality reduction techniques have also been used to reduce the number of parameters needed to 
describe neuronal behavior. For example, principal component analysis (PCA) can be used to identify 
the most important parameters that describe network behavior. This reduces the number of parameters 
that need to be estimated and can help identify the most important parameters to focus on in future 
experiments [11-21]. 

3.0 RESEARCH METHODOLOGY 
To investigate the role of information redundancy in neuronal networks, we used systems biology and 
neuronal parameter estimation techniques to analyze the dynamics of a simple model of a neuronal 
network. We first estimated the parameters of the model using experimental data from single neurons. 
We then simulated the behavior of the network under various conditions to determine how information 
redundancy affected the network's dynamics. 

4.0 RESULT 
Our results showed that information redundancy was an important feature of the neuronal network. 
Specifically, we found that when the network contained redundant information, it was more stable and 
robust to perturbations. Furthermore, we found that the degree of redundancy in the network affected 
the network's ability to process and store information. 

5.0 CONCLUSION 
The estimation of neuronal parameters is an important part of systems biology and can help researchers 
develop accurate models of neural networks. However, the problem of information redundancy poses a 
challenge to this process. Researchers have developed various techniques to address this issue, 
including the use of Bayesian methods and dimensionality reduction techniques. As the field of 
systems biology continues to evolve, it is likely that new techniques will be developed to improve the 
accuracy of neuronal parameter estimation. 



World Basic and Applied Sciences Journal       Volume 13, Issue 05 – 2023 

This work is licensed under the Creative Commons Attribution International License (CC BY). 
Copyright © The Author(s). Published by International Scientific Indexing & Institute for Scientific Information 489	

In conclusion, the use of systems biology and neuronal parameter estimation techniques provides a 
powerful tool for investigating the dynamics of neuronal networks. Our results suggest that information 
redundancy is an important feature of these networks, and that it may play a role in the brain's ability to 
process and store information. Future research in this area may lead to a better understanding of the 
mechanisms underlying information processing and storage in the brain. 
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