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Data stream clustering is a widely researched problem in data mining and
machine learning. This involves grouping data points that arrive sequentially
and continuously over time, making it difficult to work with because of the large
amounts of data that need to be processed in real-time. This work reviews recent
advances in data stream clustering algorithms and techniques, including tradi-
tional and online clustering methods, ensemble methods, and stream-based out-
lier detection, discusses the evaluation metrics for data stream clustering, and
highlights some open research challenges in this area.

The task of clustering data flows occupies an important place in modern
Data mining, and for its solution today there are many approaches, methods, and
algorithms [1-3]. Clustering is related to statistical data processing, as well as to
learning tasks without a teacher. Groups of elements are placed in clusters,
which are formed based on the distance between them. Clustering can be formu-
lated as a multi-criteria optimization problem. The result of clustering depends
on a number of factors: the selected method, data values, the number of formed
clusters, and the type of metric used to compare individual elements and clusters
with each other [4].

Data stream clustering is the process of grouping incoming data instances,
which arrive continuously and potentially in an infinite stream, into clusters in
an online and incremental manner.

The main goal of data stream clustering is to extract meaningful patterns
and insights from data streams that are too large to be stored in memory or proc-
essed offline [2, 3].

During the study of the data stream clustering problem, many researchers
and teams have made significant contributions to the development of data
stream clustering, including researchers such as S. Guha, R. Rastogi, K. Shim
(BIRCH algorithm), M. Garofalakis, J. Gerke, and R. Rastogi (STREAM algo-
rithm), H. Karypis and E.-Kh. Khan (DENSWAVE algorithm), M. Halkidi, Y.
Batistakis, M. Vazirgianis (C-Stream algorithm), and many others.

The examination of the most recent investigation and literature concerning
this subject revealed that the concerns addressed are not adequately expounded
upon, and the primary scientific outcomes have not been put into practical prac-
tice and necessitate further investigation.

Data stream clustering algorithms can be classified into two main catego-
ries: centroid-based and density-based.
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Centroid-based algorithms, such as k~-means and k-medoids, represent each
cluster by a central point or prototype and iteratively update these centroids as
new data arrives. Density-based algorithms, such as DBSCAN and OPTICS,
partition the data space based on the density of data points and identify clusters
as regions of high density.

In addition to these traditional clustering algorithms, recent research in data
stream clustering has focused on developing novel algorithms that can handle
specific challenges of data streams, such as concept drift, noise, and outliers.
These include incremental clustering algorithms (CluStream, DenStream), and
ensemble clustering algorithms (STREAM, CIuELM).

Data stream clustering is a critical research area with numerous applica-
tions in various fields. One of the most prominent applications of data stream
clustering is in the area of network intrusion detection, where it is used to detect
and prevent cyber-attacks. Financial fraud detection is also an important applica-
tion, where data stream clustering is used to identify patterns of fraudulent be-
havior in financial transactions [5].

One of the main problems of data stream clustering is concept drift, which
occurs when the statistical properties of the data change over time. This can be
caused by changes in user behavior, shifts in trends, or changes in the environ-
ment. Data stream clustering can also face problems with selecting the optimal
window size, cluster size, and a number of clusters. Another issue is accounting
for uncertainty and errors that may arise due to incomplete information and in-
accuracies in the data stream [3]. Finally, managing the data stream and collect-
ing feedback is necessary to adjust and update clustering models based on the
results obtained.

Overall, data stream clustering is an important field of research with a wide
range of applications in various domains, including network intrusion detection,
sensor data analysis, social media monitoring, and financial fraud detection.
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