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A COMPARATIVE EXAMINATION OF THE EFFICACY OF VARIOUS
CLUSTERING METHODS IN ASSESSING WINE QUALITY

The paper considers a comparative analysis of the effectiveness of various clustering methods for the purpose of
assessing wine quality. Various clustering algorithms have been studied, including K-means algorithms, hierarchical
clustering, DBSCAN, and others. Their effectiveness and usefulness for evaluating wine quality is compared. In the work, the
main attention is paid to the analysis of clustering results, computational speed and efficiency of processing large volumes of
data. A comparison of the research results was made, which will help establish which clustering method is the most effective
and accurate for assessing wine quality. In the study, wine data was collected to conduct a comparative analysis of the
effectiveness of different clustering methods, and data on the chemical composition and physical properties of wine will be
used. Wine data was processed and prepared for analysis and use in machine learning methods. Preparation and cleaning of
data from inconsistencies was carried out. The effectiveness of clustering methods was evaluated. Indicators of cluster quality
were used to compare the effectiveness of different clustering methods. The result was discussed. The results of cluster
analysis were analyzed, conclusions were drawn about the most effective clustering method for assessing wine quality. The
results of the study, which can be useful for consumers in choosing wine from a large assortment, are substantiated. Various
methods of clustering and their application on the example of wine data are studied, which is an important step in using
machine learning to solve practical problems. The results obtained can be useful for winemakers and experts in the field of
winemaking for more accurate classification and improvement of production processes. A study was conducted that allows to
determine the most effective and accurate method of clustering for the objective assessment of the quality of wines and can
serve as a basis for further research in the field of winemaking and data analysis.
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HOPIBHAJIbHUI AHAJII3 EOEKTUBHOCTI PI3HUX METO/IIB
KJIACTEPU3AIIII /1 OIITHKA AKOCTI BUHA

B po6omi poszis0aemucst nopisHsAbHUL aHai3 egpekmusHocmi pisHUX Memodie Kaacmepusayii 3 Memor oyiHKu sKocmi 8UHQ.
JocaidxceHo pisHi aszopummu kaacmepusayii, ekatovarovu aszopummu K-means, iepapxiyHy kaacmepusayito, DBSCAN ma iHwi.
IopigHioemubes ix epekmugHicmb ma KopucHicms 04151 OYyiHKu sikocmi 8uHa. B po6omi npudiseHo 0CHOGHY yeazy aHaJisy pesy/abmamis
Kaacmepusayii, 064ucar08aabHill weudkocmi ma egpekmusHocmi 06pobku seaukux obcsizie davux. [lpogedeHo nopieHsiHHA pe3yibmamie
docidceHH s, Wo donoModice 8CMaHo8uUMU, sKuli Memod Kaacmepu3ayii € HaliGiAbW egheKMUSHUM Ma MOYHUM 0151 OYIHKU sitkocmi 8uHa. B
docnidxceHHI 6ya10 316paHo 8UHHI daHi 04151 nposedeHHsl NOPIBHANBbHO20 aHaAi3y edpekmusHocmi pi3HUX Memodie kaacmepusayii 6ydyms
sukopucmaui daxi npo XimiuHutl ckaad ma ¢isuuHi enacmusocmi suHa. Bysno o6pobaeHo ma 30ilicHeHo nid20moeKy 8UHHUX OAHUX 0151
aHanizy ma 8UKOPUCMAHHSL Y MeMOOax MAWUHHO20 HA8YAHHS. 30ilicHeHO nid2omoskKy ma o4uweHHs1 daHux 8id HegidnosidHocmetl. OyiHeHO
edpekmusHicms Memoodie kKaacmepusayii. BukopucmaHo nokasHuku sikocmi Kaacmepis, 0451 NOpigHsiHHS egpekmusHocmi pi3HUX Memodie
Kaacmepu3sayii. [IposedeHo 062080peHHs pe3yabmamy. By/10 npoaHanizosaHo pesyabmamu KAacmepHozo aHaiy, 3p061eH0 8UCHOBKU NPO
Hatlibinbw ehekmusHuli memod kaacmepusayii 043 oyiHku sskocmi euHa. O6rpyHMo8aHo pesysabmamu 00CAIONCeHHS, SKI Moxcymsb 6ymu
KOpUCHi 04151 cnodcugayie ujodo subopy 8uHa 3 8eaukoz2o acopmumenmy. [locaiosxceHo pizni memodu Kaacmepu3ayii ma ix 3acmocy8aHHs Ha
npukaadi BUHHUX OQHUX, WO € 8ANCAUBUM KDOKOM Y BUKOPUCMAHHI MAWUHHO20 HABYAHHS 0151 piWeHHS] NpAKMUYHUX 3a80aHb. OmpuMaHo
pesysbmamu, ski Moxcyms Gymu KOpucHi 04151 8uHopo6ie ma exkchepmie y 2aays3i @uHapcmea 045 6iabw mouHoi Kaacugikayii ma
nosinwexHs supo6Hu4ux npoyecis. IlposedeHo 0ocaiddiceHHs, ke 0036051€ 8UHAYUMU HalUbL1bW eekmusHull ma moyvHull Memod
Kaacmepusayii 015 06'ekmugHoi 0YiHKU IKOCMI 8UH Ma MOoJice NOCAYHCUMU NIOTpyHMsAM 045 nodaabux 0ocaidxiceHs y 2ay3i guHapcmeda
ma aHa.izy daHux.

Knatouosi cnosa: kaacmepHuil ananis, K-Means, DBSCAN, Hierarchical Clustering, Gaussian Mixture Models (GMM), mawuHHe
HAae8YaHHs, Kaacugikamop, epynyeauHs, kaacmepusayisi.

Problem overview
Wine production stands as a pivotal sector within the realm of the food industry, where product quality
assumes paramount significance. One of the methods employed for assessing wine quality is cluster analysis,
enabling the classification of wines based on their characteristics and properties. In light of this, a comparative
analysis of the effectiveness of diverse clustering methods can lend valuable assistance in the development of novel
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viniculture technologies and the enhancement of wine quality.

The relevance and novelty of this research lie in the fact that wines constitute a significant commodity of
global importance. Evaluating wine quality poses a complex challenge, as it hinges on numerous factors such as
alcohol content, acidity, flavor profiles, and much more. Hence, a comparative analysis of the efficacy of various
clustering methods for wine quality assessment holds great significance in addressing this task.

Investigating this avenue will reveal the most efficacious clustering methods for wine quality assessment,
which can find applications in industry and entrepreneurship. Moreover, the incorporation of cutting-edge machine
learning techniques for clustering will yield more precise and reliable results.

Machine learning emerges as a potent tool for conducting cluster analysis on vinous data. To attain
maximum effectiveness in cluster analysis, the selection of the most suitable clustering method is imperative. Thus,
the objective of this work is to undertake a comparative analysis of different clustering methods for wine quality
assessment.

The research object pertains to the process of clustering wines with the aim of assessing their quality and
identifying common characteristics among them.

The research subject encompasses the comparative analysis of the effectiveness of various clustering
methods for wine quality assessment.

Analysis of recent sources

To ensure the utmost objectivity and precision of results, an essential prerequisite was the comprehensive
analysis of as many sources as possible. Among the primary sources to be employed in this work on the topic of 'A
Comparative Analysis of the Effectiveness of Various Clustering Methods for Wine Quality Assessment,' one can
include scientific articles and research published in specialized journals, as well as books and other publications
within this domain. Furthermore, data from various open sources can be utilized to obtain a more realistic
assessment of the effectiveness of clustering methods for wine quality assessment. Below, a selection of the most
significant sources is noted:

- The article titled 'Clustering performance comparison using K-means and expectation maximization
algorithms' is dedicated to comparing the efficacy of two clustering algorithms - K-means and expectation
maximization - based on their ability to cluster wines according to their characteristics. The research was conducted
through the analysis of wine data collected via chemical analysis and sensory evaluation. The article provides a
detailed description of K-means and expectation maximization clustering methods, their advantages and
disadvantages, as well as methodologies for selecting the number of clusters and assessing clustering quality.
Subsequently, the authors conducted experiments with these algorithms on wine data and compared their
effectiveness in terms of accuracy and clustering speed.

- The article 'Enhancing the wine tasting experience using a greedy clustering wine recommender
system' describes the creation of a wine recommendation system based on a clustering algorithm. The authors argue
that such a system can significantly enhance the wine tasting experience by helping users select wines that best
match their taste preferences. To build the recommendation system, the authors used data clustering with a greedy
algorithm. Initially, data preprocessing was carried out, reducing data dimensionality and minimizing noise using
principal component analysis. Then, data clustering was performed to group the data and cluster similar wines
together.

- The article 'Enhancement Clustering Evaluation Result of Davies-Bouldin Index with Determining
Initial Centroid of K-Means Algorithm' is dedicated to improving the quality assessment of clustering by enhancing
the Davies-Bouldin Index through the determination of initial centroids in the K-means method. The article proposes
an algorithm to enhance clustering quality assessment, relying on finding the best initial centroids for the K-means
method. Genetic algorithm and random search methods are utilized for this purpose. The results of experiments
demonstrated that the proposed algorithm enhances clustering quality and reduces execution time, particularly on
large datasets.

Formulation of the goals of the article

The aim of this work is to conduct a comparative analysis of the efficacy of different clustering methods for
the assessment of wine quality. The research is focused on studying and contrasting various clustering algorithms,
including K-means, hierarchical clustering, DBSCAN, and others, in terms of their effectiveness and suitability for
wine quality assessment.

In order to conduct a comparative analysis of the effectiveness of various clustering methods for wine
quality assessment, it is essential to comprehend the fundamental principles of clustering and its application in the
realm of winemaking. This research will delve into the primary clustering methods, their advantages and
disadvantages in the context of wine quality assessment, and analyze practical examples of clustering utilization in
the wine industry to enhance the efficiency of wine quality assessment.

So, the task is to compare the effectiveness of various clustering methods for wine quality assessment.

To address this task, it is necessary to gather a dataset of wines containing information about their attributes
(such as alcohol content, sugar, acidity, fruitiness, etc.). Subsequently, it is required to compare the effectiveness of
different clustering methods, such as K-Means, DBSCAN, Spectral Clustering, Hierarchical Clustering, and others,
using clustering quality metrics like Silhouette score, Davies-Bouldin index, and others. For each clustering method,
experiments should be conducted by varying algorithm parameters to determine the most optimal parameter values
that yield the best results. Following that, the effectiveness of different clustering methods can be compared using a
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diagram in which each cluster is represented by a different color.
Presentation of the main material

There exists a plethora of clustering methods, yet depending on the nature of the input data and the task at
hand, different methods may prove more or less effective. To compare the effectiveness of various clustering
methods for categorizing wines based on their characteristics, we can consider the following four methods:

1. K-Means: This is one of the most prevalent and straightforward clustering methods used to partition
input data into clusters where objects are close to each other in certain features. In the K-Means method, each cluster
is represented by its center, and each data point is assigned to the nearest center. The algorithm iteratively updates
the cluster centers until convergence is reached, meaning the clustering stabilizes.

2. DBSCAN: DBSCAN is a density-based clustering method that identifies clusters based on the data
density. The algorithm separates data into clusters with high data density, distinguishing them from other data points
with low density. DBSCAN can discover clusters of various shapes, does not require a predetermined number of
clusters, and helps identify noise points.

3. Hierarchical Clustering: This clustering method employs a tree-like structure to divide input data into
clusters. It can be of two types: agglomerative and divisive. In the agglomerative type, each data point initially
represents an individual cluster, and the algorithm progressively merges the two closest clusters until a single cluster
remains. In the divisive type, all data points start in a single cluster, and at each step, the algorithm divides the
cluster into two smaller ones.

4. Gaussian Mixture Models (GMM): GMM is a statistical model used for clustering data by determining
the probability of each data point belonging to each cluster. GMM is based on the assumption that data within each
cluster follows a Gaussian probability density function. The model consists of several Gaussian distributions, each
representing a distinct data cluster. As each cluster can have its own distribution, this model can identify clusters of
varying shapes and sizes.

Let us commence with the first clustering method - K-Means.

The K-Means method stands as one of the most popular and simplest clustering algorithms, employed for
the partitioning of a dataset into clusters based on their characteristics. In this section, we shall delve into the
principles of the K-Means method, elucidating its merits and demerits, and elucidating instances of its application in
the assessment of wine quality.

Data classification is predicated upon the formation of clusters, wherein each cluster comprises objects
possessing akin characteristics. The determination of the requisite number of clusters is undertaken prior to
algorithm execution, typically achieved through estimation or visual data analysis. The K-Means method segregates
the dataset into a specific number of clusters (K), which maximize the sum of intra-cluster distances, i.e., distances
between objects within the same cluster. The optimal allocation of objects to clusters is attained via iterative
recalculation of cluster centroids and the assignment of each object to the nearest centroid.

The mathematical description of the method entails the division of n observations into k clusters in such a
manner that each observation is assigned to the cluster with the closest mean. This method is grounded in the
minimization of the sum of squared distances between each observation and the center of its cluster, as reflected in

the following function (Formula 1):
k
JZZZ(xj_lui)za 1)

i=l x;€S;
where £ represents the number of clusters, x; represents an observation, y; denotes the center of a cluster, and S;
represents the obtained clusters.

Let's move on to the second clustering method - DBSCAN.

DBSCAN (Density-Based Spatial Clustering of Applications with Noise) is one of the most widely used
clustering methods for partitioning objects into clusters. DBSCAN is based on the concept of point density in space,
which allows it to discover clusters of any shape and size.

The DBSCAN method has two main parameters that need to be configured: the radius € and the minimum
number of points m. The radius ¢ defines the sphere's radius around each point, which is used to determine whether
this point belongs to a specific cluster. The minimum number of points m determines the minimum number of points
that should be within the radius € to form a cluster.

The main idea of DBSCAN is that points with a density higher than a certain threshold are considered part of
clusters, while points with low density are considered noise. Point density is defined as the number of points within a
radius € of a given point. If the number of points within the radius € is greater than or equal to the minimum count m,
then the point is considered a cluster core point. If a point is not a core point but is within the radius € of a core point, it
is considered part of the cluster; otherwise, it is considered noise. In other words, points that do not fall into any density
core are regarded as noise points. However, the nearest neighbors of noise points may be part of clusters, so they can be
joined to the corresponding clusters if they meet certain conditions, such as the minimum number of points required to
form a cluster and the maximum distance between neighboring points within the cluster.

Mathematically, the DBSCAN method uses two parameters:

1. Epsilon (¢): This is the radius that defines the maximum distance between two points to consider them
neighbors. It allows you to define the region that includes neighboring points.

2. MinPoints: This is the minimum number of points that must be found within the € radius for a point to be
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considered the core of a cluster.
The DBSCAN method is based on the following concepts:

1. Core Points: A point is a core point if it has at least MinPoints neighbors within the € radius.

2. Border Points: A point is a border point if it has fewer neighbors than MinPoints but is within the &
radius of a core point.

3. Noise Points: A point is noise if it is neither a core point nor a border point.

Let's move on to the third clustering method - Hierarchical Clustering.

Hierarchical Clustering is a clustering method that initially assigns each object to a separate cluster and
then gradually merges them into larger clusters based on similarity. The idea is to find the closest objects and merge
them into clusters until all objects are combined into a single cluster.

There are two types of Hierarchical Clustering: Agglomerative and Divisive. Agglomerative starts with
each object as a separate cluster and then merges them, while Divisive starts with the entire dataset as one cluster
and divides it into smaller clusters.

Also, there are several methods for calculating the distance between clusters, such as Single Linkage,
Complete Linkage, and Average Linkage.

o Single Linkage - This method calculates the distance between two clusters by using the distance
between the two closest points, one belonging to the first cluster and the other to the second (Formula
2):

D(r, S)—Mln{d(l,])}, %)
where i is a point from cluster , and j is a point from cluster s.
e Complete Linkage - This method calculates the distance between two clusters by using the distance

between the two farthest points, one belonging to the first cluster and the other to the second (Formula
3).
D(r, s)=Max{d(i, j)} .
where i represents a point from cluster 7, and j represents a point from cluster s.
e Average Linkage - computes the distance between two clusters by taking the average of distances

between all pairs of points, where one point belongs to the first cluster and the other belongs to the
second cluster (Formula 4).

3)

T
D)= 3, 4>

where Trs — is the sum of all pairwise distances between cluster r and cluster s, N, — is the size of cluster r, a

N _ —is the size of cluster s.

S

Let us now delve into the fourth method of clustering - Gaussian Mixture Models (GMM).

Gaussian Mixture Models (GMM) is a clustering method founded on the principles of probability theory. It
models the data distribution as a sum of several Gaussian distributions (normal distributions).

GMM offers considerably more flexibility compared to K-Means, as it allows for modelling data
distributions of various shapes, without being confined solely to circular clusters.

The GMM model consists of multiple Gaussian distributions, where each Gaussian distribution
corresponds to an individual cluster. Each Gaussian distribution is described by three parameters: the mean value
(1), the covariance matrix (X), and a weight or probability (p), which represents the likelihood of a data point
belonging to the cluster. Consequently, for £ clusters, the GMM model encompasses k Gaussian distributions.

The probability of a sample x belonging to the k-th cluster is calculated using the following Formula 5:

1 1 T 1
P(xlk) =D—l*exp(—§*(x —p) *TTH(x —,u)j,
272 *[3)2
where x represents our data points, D is the number of dimensions for each data point, x and X are the mean and

covariance matrix, respectively.
Additionally, the overall probability of x belonging to the GMM model is calculated as (Formula 6):

P(x)= [ZZ:p[P(ﬂki), :

where x - represents a data vector consisting of D dimensions, P ( X |ki ) - denotes the probability of vector x given cluster

5)

k, 1, - signifies the vector of mean values for component i, X, - represents the covariance matrix for component i.

After analyzing various clustering methods, one may wonder how to compare the results of each clustering
method and determine the most effective one. To compare the effectiveness of different clustering methods, various
metrics can be employed. Some of the most common metrics include:

- The Silhouette Coefficient is a metric that evaluates the quality of clustering by measuring how well
objects fit into their own cluster compared to other clusters. The Silhouette Coefficient can take values from -1 to 1,
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where values closer to 1 indicate better clustering quality.

- The Davies-Bouldin index is a metric that measures how well each cluster is distinct from other
clusters. It depends on the average distance between cluster centers and the sizes of clusters. Smaller values of the
Davies-Bouldin index indicate better clustering.

- The Adjusted Rand Index (ARI) is a metric that measures the similarity between the clustering
obtained by the algorithm and the ground truth clustering. If ARI equals 0, the clustering is random, and if it equals
1, the clustering is perfect.

- The Calinski-Harabasz index is a metric that measures how well clusters are separated from each other.
It depends on the average distance between cluster centers and the sizes of clusters. Higher values of the Calinski-
Harabasz index indicate better clustering.

- The Sum of Squared Distances (SSD) metric measures how far points are from the centers of their
clusters. Methods that minimize SSD, such as K-Means, typically work well with data where clusters have simple
geometry. The smaller the SSD value, the more accurately the clustering reflects the data's structure.

Indeed, to compare different clustering methods, you can use each of these metrics and compare the values
obtained as a result of execution.

To mathematically calculate the Silhouette Coefficient, you should follow these steps:

1. Calculate the average distance between an object and all other objects within its cluster. After calculating
all such average distances for an object, you will obtain the value a(i) for each object i

a (Z) = |C|%1 Z d (i, ]) , where |Ci| is the number of points belonging to cluster C,, and d(i, j) — is the

JjeC, i#j
distance between points i and j within cluster C,.

2. Calculate the average distance between an object and all the objects in the nearest cluster to it. This value

: .1 .
will be denoted as b(i) for each object i. b(l) =min— Zd(l, J), where ‘C‘ is the number of points
Tl |CJ J

belonging to cluster C, , and d(i, j) — is the distance between points i and j in cluster C Iz

JjeCy

3. Calculate silhouette values for each object i by dividing the difference between b(i) and a(i) by the greater of
ali

1—L‘), if a (i) <b(i)
b(i)

the two values, as follows 0, if a (i ) =b(i) . From the provided definition, it is clear that —1 < 5(7) <1
b(i P .

L?—l, lfa(l) > b(7)

a(i)

Next metric to consider is the Davies-Bouldin index. To mathematically calculate the Davies-Bouldin
index, the following steps should be performed:

S +S,

J

1. Calculate the similarity between clusters i and j using the following formula: R, ;= , where s(i)
L
and s(j) - represent the dispersion of clusters 7 and j, d(i, j) - is the distance between the centroids of these clusters.
2. For each cluster i, find the maximum similarity value between cluster i and all other clusters:
D, = max R, ;

J#i

l N
3. Calculate the Davies-Bouldin index: DB = —ZDI., where N is the number of clusters, D, is the
i=1
maximum similarity value between cluster i and all other clusters
The next metric is the Calinski-Harabasz index. To mathematically calculate the Calinski-Harabasz index,
you should follow these steps:
1. Calculate the intra-cluster variability (the sum of squares of deviations within clusters), which equals the sum of the
K n
. . s . . - 2
squares of distances between objects within a cluster and its centroid: sz = ZZd .—c¢,” , where d. —c, represents
k=1 i=1
the distance between object d; and the centroid of cluster ¢, , and the sum is calculated for all objects i and all clusters k.

2. Determine the between-cluster variability (the sum of squared distances between the centroid of

K
individual clusters and the overall centroid, multiplied by the cluster size): ZBk = anck -c’ , were 1,
K=l

represents the size of cluster k£, ¢, —c denotes the distance between the centroid of cluster ¢, and the overall
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centroid ¢, and the sum is calculated across all clusters k.

25 2M

K-1 N-K

3. Calculate the Calinski-Harabasz index using the formula: CH = , where K is the

number of clusters, and N is the number of objects.
Another metric is the Adjusted Rand Index (ARI). To mathematically calculate the Adjusted Rand Index,
you should follow these steps:

a+b

a+b+c+d’
where: a - the number of objects that belong to the same cluster in both 4 and B, b - the number of objects that
belong to different clusters in both 4 and B, ¢ - the number of objects that belong to the same cluster in 4 but
different clusters in B, d - the number of objects that belong to different clusters in 4 but the same cluster in B.

2. Calculate the expected value of RI according to the hypothesis of random dependence:

(a+c)*(a+b)+(b+d)*(c+d)
(a+b+c+d)

cluster in both 4 and B, b is the number of objects that belong to different clusters in both 4 and B, ¢ is the number
of objects that belong to the same cluster in 4 but different clusters in B, d is the number of objects that belong to
different clusters in 4 but the same cluster in B.

3. Calculate the Adjusted Rand Index (ARI) by adjusting the R/ for the probability of random cluster
overlap ARI = W , where RI is the unadjusted Rand Index, and E(RI) is the expected value of R/ under
the hypothesis of random dependence.

The final metric to consider is the Sum of Squared Distances (SSD). To mathematically compute the Sum
of Squared Distances, the following steps should be followed:

1. To calculate the Unadjusted Rand Index (Rand Index, RI) using the formula: RI =

E(RI)=

, where: a is the number of objects that belong to the same

1. Calculate the squared distance between each object and its cluster centroid d : (x, C ) = x-C’ ,

where x represents the object, and C is the centroid of the cluster to which x belongs, x —C denotes the Euclidean
distance between x and C.

2. Sum up the squared distances for all objects and their respective clusters SSD = Zd : (x, C ) , where

d’ (x, C ) represents the squared distance between each object and its cluster centroid.

Now, to compare these metrics let’s implement methods of clustering. Let's start with the implementation
of the first clustering method, K-Means.

To implement this clustering method, we need to import the KMeans class from the sklearn.cluster library.
Clustering will be performed using the fit() method. The fit() method in the sklearn.cluster. KMeans library is used to
find clusters in the input data. It takes as input a data matrix where each row represents one sample and performs the
KMeans model training on this data.

After executing the fit() method, the KMeans model object contains cluster centers and the membership of
each point to a cluster. In other words, the model has "learned" to cluster the input data based on the selected
parameter n_clusters, which specifies the number of clusters to be found.

So, after performing all the operations, we obtain the metric results for the K-Means clustering method
(Table 1):

Table 1
The metric results for the K-Means clustering method

3 clusters 6 clusters
Silhouette Coefficient 0.504 0.391
Davies-Bouldin index 0.641 0.843
Adjusted Rand Index 0.298 0.153
Calinski-Harabasz index 13900.541 13195.037
Sum of Squared Distances 4309868.868 2037658.902

When it comes to comparison, the K-Means clustering demonstrated good results in terms of Silhouette
Coefficient and Calinski-Harabasz index for both cases. This indicates a strong separation and compactness of
clusters. However, the K-Means method struggles with cluster overlap, as evidenced by the low Adjusted Rand
Index and high Davies-Bouldin index values. K-Means can encounter issues with cluster overlap due to its nature,
where each point belongs to only one cluster. This limitation can lead to incorrect cluster boundary determination
and a deterioration of Adjusted Rand Index and Davies-Bouldin index metrics in cases of cluster overlap.

Now, let's proceed to the implementation and results for the third clustering method, Hierarchical
Clustering.

To implement Hierarchical Clustering, we need to import the Agglomerative Clustering class from the
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sklearn.cluster library. We will use the fit_predict() function to create our clusters. The fit predict() method is used
to train the model and obtain clusters using Agglomerative Clustering. It takes the feature matrix on which
clustering will be performed as its input.

The method returns an array where each element corresponds to the cluster to which the respective sample
belongs (Table 2).

Table 2
Results of the metrics for the Hierarchical Clustering method
3 clusters, | 3 clusters, | 3 clusters, 6 clusters,

single complete average .6 clugters, complete 6 clust.e s,

linkage linkage linkage single linkage linkage average linkage
Silhouette Coefficient 0.688 0.609 0.664 0.230 0.431 0.469
Davies-Bouldin index 0.220 0.389 0.405 0.362 0.554 0.432
Adjusted Rand Index 0.001 0.001 0.001 0.001 -0.004 -0.001
Calinski-Harabasz index 41.107 83.499 58.516 24.694 4304.506 4776.398

When comparing the Hierarchical Clustering method, it showed varying results depending on the linkage
method used. Overall, the Single Linkage method yielded the best results in terms of Silhouette Coefficient, Davies-
Bouldin index, and Adjusted Rand Index for 3 clusters.

For the implementation and results of the Gaussian Mixture Models (GMM) clustering method:

To implement Gaussian Mixture Models (GMM) clustering, we need to import the GaussianMixture class
from the sklearn.mixture library. We will perform clustering using the fit() method. The fit() method is used to train
a GMM model on the given data. It finds the parameters that best fit the input data, including the Gaussian
distribution parameters determined by the number of components, their weights, means, and covariance matrices.
The fit() method modifies the model and returns the modified gmm object (Table 3).

Table 3
Results for the GMM clustering method
3 clusters 6 clusters
Silhouette Coefficient 0.182 0.043
Davies-Bouldin index 19.147 14.293
Adjusted Rand Index 0.742 0.329
Calinski-Harabasz index 2767.007 1977.159
Sum of Squared Distances | -4.341 -3.594

When comparing the metrics for all other clustering methods above, the Gaussian Mixture Models (GMM)
method demonstrated the best results for 3 clusters, with a high Adjusted Rand Index and moderate values for
Silhouette Coefficient and Calinski-Harabasz index. This suggests that GMM performed well in terms of capturing the
underlying clusters in the data while maintaining a reasonable balance between compactness and separation of clusters.

Let's proceed with the implementation and results for the second clustering method, DBSCAN.

To implement the DBSCAN clustering method, we need to import the DBSCAN class from the
sklearn.cluster library and the StandardScaler class from the sklearn.preprocessing library. After that, we will use
the DBSCAN class from the sklearn.cluster library to cluster the data with parameters such as eps and min_samples.
We will perform clustering using the fit_predict() method.

The fit_predict() method takes as input the feature matrix X and optional parameters of the DBSCAN
algorithm, such as eps, min_samples, and metric, and returns an array of cluster labels corresponding to each sample
in the input feature matrix X. Clusters are labelled with integers starting from 0, and labels of -1 indicate that a
particular sample was not assigned to any cluster.

Similarly, we obtain the metric results for DBSCAN (Table 4):

Table 4
The metric results for DBSCAN

eps = 7, min_samples = 5 eps = 1.5 Ta min_samples = 5
Silhouette Coefficient 0.749 -0.214
Davies-Bouldin index 1.360 1.958
Adjusted Rand Index 1.000 0.155
Calinski-Harabasz index 25.191 18.791

Also, comparing the results, it can be said that DBSCAN showed very good results for the first case with a
high Silhouette Coefficient, low Davies-Bouldin index, and a high Adjusted Rand Index. This indicates well-
separated clusters and their consistency with the real labels. However, for the second case with a smaller eps value
and a low Silhouette Coefficient, the results were less satisfactory. A low Silhouette Coefficient suggests cluster
overlap and incorrect cluster identification. The Davies-Bouldin index also showed high values, indicating a lack of
well-defined clusters.

In summary, when considering the Silhouette Coefficient and Calinski-Harabasz index, the K-Means
method performed the best for both cases of cluster count.
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DBSCAN yielded good results in terms of Silhouette Coefficient and Adjusted Rand Index but unfairly
with respect to the Davies-Bouldin index when parameters were incorrectly set.

The Hierarchical Clustering method with Single Linkage showed favorable results for Silhouette
Coefficient, Davies-Bouldin index, and Adjusted Rand Index for 3 clusters.

GMM demonstrated the most promising outcomes for 3 clusters, with a high Adjusted Rand Index and
average Silhouette Coefficient and Calinski-Harabasz index values.

Overall, there is no universal clustering method that consistently performs best for all metrics and cluster
count variations. Each method has its advantages and limitations, and the choice of method depends on the specific
context and research objectives.

Conclusions

In this study, we conducted an analysis of the effectiveness of different clustering methods for evaluating
wine quality. The purpose of the research was to determine the most suitable clustering method for use in dietetics to
personalize nutrition based on patients' physical conditions.

We justified the relevance and significance of the topic for the wine industry, emphasizing that clustering
can assist winemakers in classifying wines by quality and identifying clusters with similar characteristics.

We presented four clustering methods: K-Means, DBSCAN, Hierarchical Clustering, and GMM. Each
method underwent a detailed analysis, and we provided descriptions of their working principles and characteristics.

To perform a comprehensive analysis, we utilized diverse sources of information. This included scientific
articles from journals, which provided fundamental knowledge about clustering methods and their applications in
the wine industry. We also used a dataset of wines containing real data on chemical characteristics and quality
ratings. Leveraging these sources contributed to a deeper understanding of the topic and added scientific rigor to the
comparative analysis of clustering methods for wine quality evaluation.

Subsequently, a comparative analysis of the results was conducted using various metrics, such as the
Adjusted Rand Index, Silhouette Coefficient, Calinski-Harabasz index, and Davies-Bouldin index. The influence of
each clustering method on the quality of wine dataset clustering was investigated.

Based on the obtained results, it was revealed that the GMM method demonstrated the best performance for
3 clusters, with a high Adjusted Rand Index and average Silhouette Coefficient and Calinski-Harabasz index values.
This indicates that GMM is capable of finding more accurate and distinct clusters within the wine data.

Therefore, based on this analysis, it is recommended to utilize the GMM method for wine quality
evaluation. Its ability to model Gaussian distributions in the data allows for the identification of more precise and
separable clusters.

However, it's worth noting that the choice of a specific clustering method should depend on the
characteristics of the research problem and the researcher's requirements. I also recommend conducting additional
experiments with different methods and their parameters to achieve the best results in a specific context.
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