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Abstract

The advent of high connectivity across the globe has led to an incoming stream of dynamic data
at a high velocity. It leads to several bottlenecks related to storage, training time, redundan-
cies, unfairness, biases, or any form of noise in data. The inconsistencies in the data result in
unstable models. Therefore, it is essential to select high-quality data that can form appropriate
representatives, thus helping in mitigating the limiting factors. There has been a substantial
amount of work in the field of coreset selection which assumes the data to originate from some
mixture of Gaussian or Poisson distributions. However, the effectiveness of the classical core-
set techniques is doubtful in the deep learning setting due to the high dimensional complex
data and their representations. The recent set of works in the area of subset selection focuses
on only the pairwise relationships between the datapoints to identify the representatives and
that of data valuation focuses on only the information obtained from the model, to compute
the scores, leading to redundant selections. Besides, they are also not flexible enough to in-
corporate different metrics or value functions that can help in providing subsets aimed toward
specific goals like generalization or robustness. In this thesis, we try to address the limitations
of the existing works and develop algorithms to obtain high-quality datasets.

Considering the dynamic growth in data in the streaming setting, the primary goal of this thesis
is to develop online subset selection and data valuation algorithms as a part of data-centric Al
development. Earlier works on online subset selection have focused on using mainly pairwise
criteria like dissimilarity as an external criterion to find out representatives. In the first work of
this thesis, we develop a multi-criteria (pairwise and pointwise) based framework for filtering
out representatives from the incoming streaming data. The pointwise criterion is based on the
model feedback, for example, the loss of an instance, that helps to obtain subsets aimed at
an end-task objective. We design a convex-based formulation for the framework and use it for
selecting representatives in the task of autonomous driving applications like episode completion
and semantic segmentation. We show that the proposed method can complete 100% of the
episodes even after dropping 80% of the data while the baselines can complete only 30% to
70% of the episodes.

The task of quantifying the value of individual data has become a significant research domain
in recent times. In the second work of the thesis, we address the problem of finding high-value
subsets from the perspective of using value functions that are targeted toward a particular goal.
The existing data valuation methods only consider the model information to compute the scores.
They ignore the fact that the value of a training datapoint depends on the other datapoints. In
contrast to these bodies of work, we design a framework that considers the interdependencies
between instances (to ensure the diversity of selected instances) along with the model infor-
mation encoded in the value function. We design an online alternating minimization-based
algorithm for jointly learning the parameters of the selection network and machine learning
model and show its efficacy on several domains of data like image, protein, text as well as
synthetically generated data while outperforming the baselines by a maximum of about 20%.

While all these data valuation and subset selection (DVSS) methods have been computationally
heavy, and also not flexible enough to be adaptable to other value functions, in the final work
of this thesis, we propose that in order to be more effective, DVSS techniques should follow
the aspects of being flexible, accurate, robust, and efficient (FARE). We develop a two-stage
online sparse approximation framework that consists of two stages: (a) checkpoint selection,
where an optimal set of checkpoints are selected that best approximate a given value function
over the training runs, and, (b) data valuation, where the selected set of checkpoints are used for



valuating the individual datapoints. We show the aspects of accuracy and efficiency on different
domain datasets like image, text, and tabular data where CheckSelect surpasses the baselines
by a maximum of about 30%. For the aspects of flexibility and robustness, we show that the
selected set of checkpoints obtained from the source domain help in valuating datapoints from
a target domain without any need for re-training and performs 7-8% higher than the closest
performing baselines.
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