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Introduction

The K-Nearest Neighbors (KNN) algorithm 1s a simple yet powerful tool in machine learning. It belongs to the
family of supervised learning algorithms and 1s widely used for classification and regression tasks. Its applications

span various domains, including pattern recognition, data mining, and intrusion detection.

At 1ts core, KNN operates on the principle that similar things exist nearby. In other words, 1t assumes that data
points with similar attributes will likely share the same label. This makes KNN particularly useful when the
relationship between the data attributes and the output is complex or unknown. KNN is intuitive and easy to
implement, making it a go-to algorithm for many machine learning practitioners. Its versatility allows it to adapt
to different types of data and problem settings, so 1t remains a popular choice despite the emergence of more

complex algorithms.

How KNN works ?

The K-Nearest Neighbors algorithm operates on a very straightforward principle: it classifies a new data point

based on the majority class of its closest neighbors.[6] Here’s a step-by-step breakdown of the process:

1. Identify the Nearest Neighbors: Setting the value for k

2. Distance Calculation: KNN calculates the distance between the new data point and each of the neighbors
using a distance metric, such as Euclidean distance. The formula for Euclidean distance in a two-dimensional
space 1s

3. Classify the New Point: Once the distances are calculated, the algorithm sorts the points by increasing

distance and selects the top ‘k’ points.
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Figure 1: Identifying an unknown organism

Types of KNN

Classic KNN:

This 1s the standard version of KNN that relies on distance metrics like Euclidean or Manhattan distance to find

the closest neighbors.

Adaptive KNN :
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Figure 2: working of A-KNN

Adaptive KNN is a variant that dynamically adjusts the number of neighbors (k) based on the local density of
points within the dataset. This adaptive approach enables the algorithm to handle better situations where data
points are not uniformly distributed across the feature space. If it’s crowded, it might look at fewer neighbors. If

1t’s sparse, 1t might look at more. [1]

K-Means Clustering KNN:

K-Means Clustering KNN 1s an innovative technique that merges the K-Nearest Neighbors (KNN) algorithm
with K-means clustering to enhance the classification of data points. K-means clustering groups similar data

points into clusters based on their features, creating a more structured dataset representation.
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Fuzzy KNN:

Fuzzy KNN 1s like KNN with a twist. Instead of making strict decisions based on the nearest neighbors, it
considers how much each neighbor belongs to each class. It assigns a ’fuzzy”” membership value to each neighbor
for each class, indicating the degree to which that neighbor belongs to that class.So, when you want to classify a
new data point, instead of just counting which class has the most neighbors, Fuzzy KNN looks at the membership

values of all neighbors for each class. Then, 1t takes a weighted average to decide the class of the new point.

Mutual KNN:

Mutual KNN 1s a method that improves the performance of the K-Nearest Neighbors (KNN) algorithm by 1n-
corporating feature selection based on mutual information. It eliminates the noisy instances by a concept called

mutual nearest neighbor.

Ensemble KNN:

Multiple KNN models are combined to make predictions, which can lead to improved accuracy and robustness.
Ensemble KNN trains multiple KNN models on the dataset, each with different settings or subsets of data. [5]
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Figure 4: KNN based random ensemble classifier

Hassanat KNN:

A modified version of KNN designed to improve performance by altering the distance metric calculation.The
Hassanat variant modifies the distance calculation between data points. It aims to improve the performance of the
KNN algorithm, particularly in terms of accuracy. This variant was analyzed in a comparative study alongside

other KNN variants. It showed promising results, especially for disease prediction tasks

Generalized Mean Distance KNN:

This variant uses the generalized mean for distance calculation, allowing for a more flexible definition of ‘close-

ness’ between points. The formula for the generalized mean 1s:

1
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( p ) 1s the parameter that determines the degree of “averageness.” Selecting this p value allows for customized

distance calculations based on the specific characteristics and relationships within the dataset allowing more
flexibility

Comparative Performance Analysis

The study’s findings revealed that the Hassanat KNN variant achieved the highest average accuracy (83.62%),
followed closely by the Ensemble KNN (82.34%). The classic KNN comes with an average accuracy of 64.22%.
Other KNNs are data-specific and range from 64.22 to 83.34%. These results were based on performance mea-
sures such as accuracy, precision, and recall. The study also proposed a relative performance index to assess each

variant comprehensively[4].

Specific use cases of KNN 1n disease prediction include heart disease prediction. KNN’s ability to classify data
based on the closest training data points makes it a valuable tool for identifying potential health risks. Other
chronic diseases like diabetes, breast cancer, and kidney ailments have also been predicted using KNN variants,
demonstrating the algorithm’s versatility and effectiveness in the healthcare domain. These comparative analyses
underscore the importance of selecting the appropriate KNN variant for predictive analytics in healthcare, ensuring

that stakeholders can leverage the most accurate and reliable methods for disease risk prediction.
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