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Detecting Concept Drift in Data Stream Using Semi-
Supervised Classification

Hossein Hasan Nezhad Namaghi!, Hoda Mashayekhi*! & Morteza Zahedi?
Faculty of Computer Engineering, Shahrood University of Technology, Shahrood, Iran

Abstract

Data stream is a sequence of data generated from various information sources at a high speed and high
volume. Classifying data streams faces the three challenges of unlimited length, online processing, and
concept drift. In related research, to meet the challenge of unlimited stream length, commonly the
stream is divided into fixed size windows or gradual forgetting is used. Concept drift refers to changes in
the statistical properties of data, and is divided into four categories: sudden, gradual, incremental, and
recurring. Concept drift is generally dealt with by periodically updating the classifier, or employing an
explicit change detector to determine the update time. These approaches are based on the assumption
that the true labels are available for all data samples. Nevertheless, due to the cost of labeling instances,
access to a partial labeling is more realistic. In a number of studies that have used semi-supervisory
learning, the labels are received from the user to update the models in form of active learning. The
purpose of this study is to classify samples in an unlimited data stream in presence of concept drift,
using only a limited set of initial labeled data. To this end, a semi-supervised ensemble learning
algorithm for data stream is proposed, which uses entropy variation to detect concept drift and is
applicable for sudden and gradual drifts. The proposed model is trained with a limited initial labeled
set. In occurrence of concept drift, the unlabeled data is used to update the ensemble model. It does not
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require receiving the labels from the user. In contrast to many of the current studies, the proposed
algorithm uses an ensemble of K-NN classifiers. It constructs a group of clustering-based classification
models, each of which is trained on a batch of data. On receiving each new sample, first it is determined
whether the data sample is an outlier or not. If the data is included in a cluster, the sample class is
determined by majority voting. When a window of the stream is received, the possibility of concept drift
is examined based on entropy variation, and the classifier is updated by a semi-supervised approach if
necessary. The model itself determines the required data labels. The proposed method is capable of
detecting concept drift in data, and improving its accuracy via updating the learning model with
appropriate samples received from the stream. Therefore, the proposed method only requires a small
initial labeled data. Experiments are performed using five real and synthetic datasets, and the model
performance is compared to three other approaches. The results show that the proposed method is
superior in terms of precision, recall and F1 score compared to other studies.

Keywords: data stream, ensemble learning, concept drift, entropy, semi-supervised classification
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