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Abstract  Traditional clustering methods cluster the samples in each data set individually by only
using the knowledge within each data set, but sometimes the data samples in a single data set are
not enough to discover a good cluster structure. There are many data sets which contain the same
class labels in the real world, hence there exist many related clustering tasks. Multi-task clustering
can transfer the relevant knowledge across the related tasks to improve the clustering performance
of each task, which has received more and more attentions in recent years. A good multi-task
clustering algorithm should accomplish both the following two aspects of work: (1) it should
make full use of the useful knowledge from the other related tasks; (2) it can automatically
assess the task relatedness among the tasks to avoid negative transfer. Nevertheless, existing

multi-task clustering methods have not accomplished either of them well. This paper proposes a
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weighted multi-task clustering method based on feature and instance transfer, which is called as
MTCFIR. On one hand, MTCFIR transfers both the knowledge of feature representation and
instances across the related tasks, thus making better use of the cross-task knowledge than most
existing multi-task clustering methods. On the other hand, MTCFIR automatically learns the
task relatedness to avoid negative transfer, and it does not have the limitations of the existing
multi-task clustering methods which can assess the task relatedness, e. g. , all the tasks should
have the same cluster numbers, and the label marginal distribution in each task distributes evenly.
There are three steps in the MTCFIR method. First, it learns a common feature representation
SDA can

abstract a set of high-level features that indicate the generic concepts, learning these features for

among the related tasks with marginalized stacked denoising autoencoders (SDA).

multi-task data is beneficial to extract commonality from the original features in different tasks.
This step can reduce the distribution difference among the tasks by transferring the knowledge of
feature representations, which is the premise of learning the consistent similarity matrix in the
second step. Second, it learns a consistent similarity matrix for each task by transferring the
instance knowledge across the related tasks, and determines the contribution degree of different
tasks for learning the consistent similarity matrix of each task by weighting the tasks. This step
can avoid the negative effects caused by enforcing the knowledge transfer among the tasks that are
not too related, thus taking full advantage of the relevant instance knowledge among the tasks.
Third, it performs the symmetric nonnegative matrix factorization (SNMF) on the consistent
similarity matrix of each task to get the clustering results. SNMF is a clustering technique which
can capture the cluster structure embedded into the similarity matrix. Experimental results on
several real world data sets show that the proposed method MTCFIR performs much better than
traditional single-task clustering methods and existing multi-task clustering methods, and is more
efficient than existing multi-task clustering methods in general. The learned task relatedness
shown in the experiments further verify the effectiveness of the proposed MTCFIR.

Keywords  multi-task clustering; feature representation transfers; instance transfer; task relatedness

learning; consistent similarity matrix learning
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Background

Multi-task clustering has received increasing attention in
recent years. It improves the clustering performance of each
task by transferring knowledge across related tasks. There
are mainly two issues to be studied in multi-task clustering.
One issue is which kind of knowledge to be transferred
among the tasks. The other issue is how to assess the task
relatedness to avoid negative transfer.

For the first issue, existing multi-task clustering methods
usually transfer one kind of knowledges such as feature rep-
resentation, instance or model parameter among the tasks.
Only MTCTKI transfers the knowledge of both feature
representation and instances among the tasks, which can take
advantage of more related knowledge among the tasks than
transferring only one kind of knowledge.

For the second issue, there are only two multi-task
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clustering methods which can automatically assess the task
relatedness, but they have some limitations. (1) DMTRC
learns the task relatedness through Gaussian prior. But it is
based on a strict assumption that all the tasks have the same
cluster number and the label marginal distribution in each
task distributes evenly. (2) SAMTC learns a pair of possibly
related subtasks for each pair of tasks., then assesses task
relatedness of the subtasks.

But it directly discards the data points that are consid-
ered useless, which may miss some potentially useful infor-
mation in the other tasks.

In this paper, we propose a weighted multi-task clustering
by feature and instance transfer method called MTCFIR,
which not only make full use of the related knowledge by

transferring both the feature representation and instance
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knowledge among the tasks, but also automatically learns the
task relatedness to avoid negative transfer. MTCFIR executes
the following three steps. (1) Common feature representation
learning: it learns a common feature representation among
the tasks with marginalized stacked denoising autoencoders.
This step transfers the feature representation knowledge to
reduce the distribution difference among the tasks, which is
the premise of learning the consistent similarity matrix.
(2) Consistent similarity matrix learning: it learns a consistent
similarity matrix for each task by transferring the instance
knowledge across the tasks. Meanwhile the task relatedness

is automatically learned to determine the contribution degree

of different tasks for learning the consistent similarity
matrix. (3) Symmetric nonnegative matrix factorization: it
performs a symmetric nonnegative matrix factorization on the
consistent similarity matrix to get the clustering results of
each task.
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