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Input: data stream,K,M,q’,CS
Data stream of train instances partitioned into CS chunks

For each chunk CS :

M; «— Create Classifier Ci (K-means++)
For each model M; :

Discarded data points after saving pseudopoints in each cluster
(centers, radius, number of data of each class)

For each test instance t :

if tisinside the decision boundary of model M;
C(t) «—CClassify(t)
else
add t to buffer
result <— calculate g-NSC(t)
if resultis positive for at least q’ data
A new class detected and update classifier
Remove all data from buffer
else
add t to window
if window is full
Change detection is checked by Entropy based ensemble
if change detected
Update classifier and remove all data from window

Qutput: class label for each data
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Abstract

Data stream is a sequence of data generated from various information sources at a
high speed and high volume. Among the main challenges of data stream analysis
is the occurrence of concept drift. Concept drift is the change in statistical
properties of data. Many available studies, to cope with the challenges of unlimited
data stream length and also concept drift, use approaches assuming existence of
true labels for all data. Nevertheless, regarding the cost of labeling instances, it is
often assumed that only a part of instances are labeled. Another important
challenge in data stream analysis is concept evolution. When the change of data
leads to the emergence of new concepts, the evolution of the concept occurs and
appears as a new emerging class. In this paper, a semi-supervised ensemble
learning algorithm is proposed which uses entropy variation to detect concept drift
in data stream classification. The proposed ensemble learning model is trained with
a limited initial labeled set. Afterwards, in occurrence of concept drift, the
unlabeled data is used to update the ensemble model. Also, in this method, the new
class is identified by detected outliers with a strong correlation among them. The
proposed method is capable of detecting changes in data, and improve its accuracy
via updating the learning model. Experiment results show that the proposed

method is more effective than other methods in different aspects.

Keywords: Data stream, ensemble learning, Concept drift, Entropy, Semi-
supervised classification, Concept Evolution
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