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Abstract: Abstract: In the past decade, machine learning has acquired great attention driven by cheaper computing power and cost 

effective storage, data processing and analysis. Enhanced algorithms are built and deployed to broad datasets in order to detect hidden 

insights and links between data items which are not evident to humans. These insights assist companies to decide better and optimise 

key interest indicators. The increasing popularity of machine learning is also derived from the agnosticness in the field of application 

of learning algorithms. For example, classification techniques that may be used to categorise windmill blade problems can also be used 

to categorise television watchers in a survey. However the true value of machine learning depends on how these algorithms can be 

tailored and applied to tackle particular issues in the real world. Two of these applications for medical interpretation for automated 

analysis are discussed in this document. Our first case study shows how we diagnose the condition of Alzheimer based on cognitive 

test results and demographic data, using Bayesian Inference, a machine learning approach. The second study focuses on automated 

cell classification, in order to determine the progression and severity of breast cancer through the use of artificial neural networks. 

Although this study are yet preliminary, the importance of machine learning approaches in rapid, efficient and automated processing 

of data is demonstrated. Machine learning gives patients hope in early disease identification, supports informed treatment choices and 

may help to improve overall quality of life. 

_______________________________________________________________________________________________________

 

1. Introduction 

As we continue to digitise the medical information, we are 

becoming broadly available both with regard to patient data 

provided and medical data obtained via modern equipment. One 

common result of this information revolution is that it is an 

enormous task for us to evaluate and understand the data. The 

sensation of a massive data collection is not only overwhelming; 

manual tools and procedures are often hard to use, and this can 

be extremely slow and difficult to achieve. In order to interpret 

the data there is a serious need for computer science 

methodologies, generally referred to as data science or data 

analysis. These methodologies are used to evaluate medical data 

in order to obtain information about essential health that can 

assist patients and doctors make better choices. In order to help 

with medical data analysis, both industry and the academy now 

begin to invest substantially in the application of data sciences 

technology. Data science will play an essential role in future 

years with the rapid increase in the number of data generated in 

medicine. 

2. Source of data 

At least three data-rich fields in health care can be used nearly 

immediately by data science technologies: 

2.1 Claims Data Hospital 

In hospitals all around the country, millions of patients are 

treated and several million procedures are carried out every year. 

In-hospital visits, illness, accidents, and effective means of 

mitigating visits, demographic trending, and disease prevention 

based on models of prevision can be helped by data science 

technology. Understanding hospital data can also assist 

providers to decide informedly on how the quality of care should 

be improved. 

2.2 Clinical data of the patient 
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Clinical data constitute laboratory findings, user data, medical 

images, physician notes which can be connected and categorised 

for better support of clinical decision (understanding health and 

wellness of patients and manifestations of diseases). Data from 

multiple sources can be collected to make a big picture for 

medical experts. With the growing population, clinical data is 

predicted to rise quickly enough that decision-making is almost 

impossible just on human analysis of these data. 

2.3 Research and development trial data 

There are an increasing number of trials carried out around the 

globe in order to understand diseases and techniques for coping 

with them. Wide numbers of rich data sets obtained would be 

best suited to apply techniques for the analysis of data in order 

to find insights and linkages in the data. 

3. Machine Learning's Importance 

The purpose of data science is to find new information in the 

data (e.g., new relationships or patterns) that may be used to 

make better decisions and provide actionable insights. 

Technologies like statistics and machine learning are at the heart 

of data science. These strategies aren't new; they've been around 

for decades. Machine learning has been impractical until now 

due to a lack of sufficient data to train models and, more 

critically, processing capacity. Data Science has sparked a lot of 

interest in the previous decade, because to cheaper computer 

power and memory, which makes it easier to store, process, and 

analyse large amounts of data acquired from a variety of 

systems. The introduction of new database systems (e.g., 

Hadoop) has dramatically reduced the cost of collecting large 

amounts of data. Machine Learning is seeing a resurgence of 

interest and increased investment in research to improve 

capabilities by leveraging newfound computational power. 

By constructing a computational model that best describes the 

data, machine learning gives ways for analysing the data and 

extracting important aspects of relationships in the data. 

It is now possible to create computer models rapidly and 

automatically that can evaluate more, more complicated data and 

provide faster, more accurate insights or analysis - even on a 

massive scale. The underlying insights and correlations provided 

by the models are frequently not visible to the naked eye or 

imaginable to an analyst. These insights aid firms in making 

better decisions about logistics, costs, customers, and other 

crucial variables. 

Machine learning is important in a variety of applications, 

including data mining, natural language processing, image 

recognition, expert systems, and prediction, to mention a few. 

4. Machine Learning Paradigms 

Machine learning is unmistakably multidisciplinary. In machine 

learning, there are five separate schools of thinking [1], each of 

which is influenced by a district domain of science. They have a 

variety of ways of encoding knowledge and important 

algorithms for knowledge discovery, model construction, and 

learning (Table 1). 

Symbolic Artificial Intelligence (AI) has roots in logic and 

philosophy, and it encompasses all artificial intelligence 

research methodologies that are based on high-level "symbolic" 

(human-readable) knowledge representations. From the mid-

1950s through the late 1980s, symbolic AI was the dominant 

approach to AI research. The method is founded on the idea that 

many features of intelligence can be accomplished through 

symbol manipulation. 

Problems are solved in this paradigm by filling in the gaps in 

existing knowledge. Expert Systems, which consist of a 

complicated network of if-then-else rules connecting symbolic 

information that can be browsed and retrieved to make 

conclusions, are the most effective outcome of this paradigm. 

Bayesian Inference (Bayesian Inference) is a type of This 

paradigm is based on our own intuitive process of inference, in 

which we strengthen our beliefs as additional data becomes 

available. Our opinions are founded on prior distributions, which 

represent past facts. The posterior distribution describes our 

beliefs based on new observations. Using Bayes' theorem, which 

is expressed as follows [2, 3], Bayesian analysis gives a way to 

define posterior distributions in terms of prior distributions. 

P(A|B)= 
P(B|A) P(A)

𝑃(𝐵)
 

Here A and B are events. P(A) and P(B) are the probabilities of 

A and B being true, and P(A|B) is the conditional probability of 

A given that B is true (posterior probability of A). Likewise, 

P(B/A) is the conditional probability of B given A is true. Hence 

Bayesian Inference provides a method for building an inference 

model using Bayes' theorem to update the probability of a 

hypothesis as more information becomes available. 
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Connectionist: This Machine Learning technique is based on 

neuroscience, with the goal of simulating learning in our brain 

(in neurons) using a computational model called an artificial 

neural network (ANN). An ANN is made up of layers of nodes 

(representing neurons) connected by links with weights 

(representing synapses) associated with them to nodes in 

neighbouring layers. An ANN's nodes might be active or 

inactive. In an ANN, information is spread by sending activation 

from one node to its neighbours. If a node is active, it can only 

activate its neighbours if their weights are strong. An ANN, like 

its biological counterpart, captures knowledge by distributing 

weights and activations throughout the network's nodes. This is 

the polar opposite of the Symbolic paradigm. 

 

The ability of a neural network to learn, which is accomplished 

through altering weights, is one of its most important features. 

There are numerous learning mechanisms [4, 5]: 

(a) Supervised learning - in this case, the rainy data gives target 

outputs to be trained. 

(b) Unsupervised learning - where no target is supplied in the 

training data and the network discovers information as it learns. 

(c) Reinforcement Learning - this is when the final result of a 

series of actions/events is supplied. 

Towards the end of the training. 

In each of these tactics, adjusting weights in the network is the 

fundamental method for “learning.” The Back Propagation 

technique is the most widely used weight update method, in 

which the network's error during training is propagated back to 

update the weights. Convolution Neural Networks (CNN) using 

specialised training approaches have lately proven to be very 

successful in a number of fields, including image recognition, 

speech recognition, and natural language recognition. 

Evolutionary Computation: This branch of Machine Learning 

takes its inspiration from evolution, nature's most basic learning 

mechanism. It's a catch-all term for learning methods based on 

biological evolution concepts including genetic inheritance and 

survival of the fittest. Iterative progress, such as growth or 

development in a population of potential solutions, is used in 

evolutionary computation approach. To reach the desired 

outcome, this population is then selected via natural selection 

based on a fitness function. Cross pollination and mutation are 

two concepts that are utilised to explore the solution space and 

generate variability in the solution [6]. 

Analogy-based learning: Everything we learn and accomplish is 

based on analogies. We make decisions in new situations based 

on previous experiences. The nearest neighbour algorithm was a 

pioneering algorithm in this field. Support Vector Machines 

(Kernel Machines) are one of the most used similarity-based 

learner algorithms [7]. 

5. Data Analytics Techniques in Action 

Machine learning provides powerful tools for addressing issues 

and detecting relationships in data, as detailed in the previous 

section. However, the technology's true worth is determined by 

the ability to adapt and apply these algorithms to unique 

scenarios. Two applications of Machine Learning techniques for 

tackling healthcare problems will be discussed in the following 

two parts. Section 6 explains how the Connectionist approach 

can be used to accurately identify images of cancer cells in order 

to provide useful insights into the disease's evolution. 

6. Breast Cancer Classification 

The application of the Connectionist approach for image 

categorization of cells to detect the progression of breast cancer 

is demonstrated in this case study. Over the course of their lives, 

one in every eight American women (about 12 percent) will 

acquire invasive breast cancer. Breast cancer is best treated if it 

is detected early, which is usually done during routine screening 

checks. 

DCIS (Ductal Carcinoma in Situ) is a type of early breast cancer 

in which cells within the ducts have begun to develop rapidly but 

have not breached the duct walls or spread to the outside cells. 

DCIS is a type of pre-invasive malignant growth, and about 25% 
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of DCIS patients go on to develop invasive cancer of the breast. 

The benign case of Usual Ductal Hyperplasia requires no therapy 

(UDH). Lumpectomy, along with radiation and hormone 

therapy, or mastectomy are the most common treatments for 

DCIS. The current classification of various degrees of DCIS vs 

UDH during biopsy is based on pathologists' observations of the 

cells under a microscope. 

Previous research has demonstrated that Linear Regression may 

be used to classify cells in two ways (i.e., DCIS versus UDH and 

low grade versus high grade DCIS) [13]. We sought to use 

nonlinear techniques like Neural Networks to examine 

employing cell properties in pictures for a 4-way classification 

(UDH, DCIS-Low Grade, DCIS-Moderate Grade, DCIS-High 

Grade). The objective behind this study is that correctly 

categorising the stage of DCIS will substantially assist patients 

in choosing the optimal treatment option. 

 

6.1 Analytical steps 

The picture features extracted in [13] were our starting point. In 

[13], 374 characteristics were retrieved from around 200 

pictures. As a result, an image was represented in the input 

dataset by a vector of feature values. We did Dimensionality 

Reduction by selecting only one feature from each group of 

linked features because multiple features appeared to be 

significantly correlated. We narrowed the feature set down to 55 

(out of 393) that we utilised to train the network. 

[-1, +1] was used to equalise the input vectors. The neural 

network was trained on the objective of successfully classifying 

photos into one of four degrees of breast cancer malignancy. 

 

 

 

 

Backpropagation was used to train a multi-layered neural 

network model. During training, the ANN's error is used to 

adjust its weights in order to reduce the error (Figure 3). 

 

The neural network was trained (updated) using four different 

weight update methods. The following are the details: 

(1) Levenberg-Marquardt optimization is a neural network 

training function used to update the network's weights and 

biases. This is the most efficient optimization strategy. It does, 
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however, necessitate a greater amount of memory than other 

methods. 

(2) Resilient Backpropagation acts independently of each weight 

and considers only the sign of the partial derivative over all 

patterns (not the magnitude). It's a network training function that 

keeps weight and bias variables up to date. 

(3) Bayesian Regularization is a mathematical procedure for 

converting a nonlinear regression into a statistical problem with 

a well-posed problem. During training, it uses Levenburg-

Marquardt optimization to update the weights and biases of a 

neural network. It identifies the proper mix of squared errors and 

weights to construct a network that generalises well by 

minimising a combination of squared errors and weights. It takes 

a long time to train this method. 

(4) Scaled Conjugate Gradient is an algorithm based on the 

Conjugate Gradient Methods, a set of optimization approaches 

well-known in numerical analysis. It makes advantage of 

second-order information from the neural network while only 

requiring O(N) memory, where N is the number of weights in 

the network. Weights and bias values are updated using this 

algorithm. 

We set aside 10% for validation and 10% for testing in order to 

avoid overtraining the network. The network was trained on the 

training set, which comprised 80% of the dataset; the validation 

set was used to determine when to cease training, and the test set 

was used to assess the network's performance. For each of the 

above-mentioned training approaches, we repeated this 

operation 100 times (trials). 

7. Conclusion 

We have detailed two applications of Machine Learning 

techniques in this study, one for Alzheimer's disease detection 

and the other for automated cancer cell classification. Diseases 

like Alzheimer's and cancer are on the rise, and we understand 

the agony and suffering that they cause patients and their 

families. Any advancement in analysis that allows for early 

disease detection, quantification of disease progression, and 

identification of disease severity would make a significant 

difference in the lives of patients and their caregivers. The case 

studies presented in this paper are preliminary findings. To 

deliver more accurate diagnosis, further effort needs to be done 

to broaden the analysis to larger and richer datasets. Medical 

analytics isn't new, but today's innovative approaches and big 

data have brought automated medical diagnostics to a 

sophisticated level that wasn't possible just a few decades ago. 

With a growing population and vast quantities of patient data 

being generated, Machine Learning technologies are becoming 

increasingly important for providing quick, automated, and 

deeper understanding of healthcare data in order to improve 

patients' well-being. 
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