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PREFACE TO THE SPECIAL ISSUE ON ANALYSIS IN

MACHINE LEARNING AND DATA SCIENCE

Thanks to the modern development of information technology, machine learning
and data science have been becoming two of the most prosperous research areas
within the last decades. Many existing methods are resurgent because of new
applications and tons of new approaches and algorithms were proposed to meet
the emerging challenges. Besides the development and applications of these new
approaches and algorithms, their mathematical analysis has also been receiving
increasing attentions. Mathematical analysis in machine learning and data science
establishes theoretical underpinnings of the approaches and algorithms, which helps
researchers and practitioners to understand their strength and limitations, identify
their appropriate application domains, and motivate new methods. In this context
we organized this special issues and aim to report recent progress in this important
area.

There are eighteen papers in this special issue, covering a variety of topics in
machine learning and data science. Nine papers are devoted to analysis in machine
learning, which characterizes computational and theoretical properties of machine
learning algorithms by mathematical tools developed from optimization, convex
analysis, functional spaces, and probability theory. More specifically, Cai and Huo
proposed a sparse generalized canonical correlation analysis algorithm via linearized
Bregman method. Dumpert characterized the robustness of localized support vec-
tor machines by quantitatively bounding the influence function. Fan and Xiang
performed learning theory analysis of some kernel based large margin unified ma-
chines for binary classification problems which are able to solve the so-called “data
piling” problems in the setting of high dimensions and low sample sizes. Hu studied
the gradient descent method for the maximum correntropy criterion associated with
reproducing kernel Hilbert spaces and proved the near optimal convergence rates.
Rastogi considered least squares based Tikhonov regularization schemes in vector
valued reproducing kernel Hilbert spaces for certain nonlinear ill-posed operator e-
quation with a nonlinear forward operator and established error bounds under some
prior assumptions. Sheng, Liu, and Wang studied error bounds and convergence
rates of regularized kernel ridge regression with strongly convex losses by the max-
imum mean discrepancy. Wang, Chen, and Sheng investigated the performance of
kernel regularized online pairwise regression learning algorithms based on a qua-
dratic loss function by means of convex analysis and Rademacher complexity. Xia,
Hou, He, and Lv derived learning rates of certain partial linear functional models
within reproducing kernel Hilbert spaces where the input covariates consist of both
functional-type and scalar covariates. By technical uses of Bernstein polynomials to
uniformly approximate general convex losses (other than the classical least square
loss), Yang, Shen, Ying, and Yuan developed a novel stochastic gradient descent
algorithm for AUC maximization with the per-iteration cost growing linearly with
the data dimension while preserving the global convergence property.
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Four papers are on the theory of function approximation and representations,
which usually plays important roles in mathematical analysis or algorithm devel-
opment in machine learning and data science research. Coroianu, Costarelli, Gal,
and Vinti studied approximation properties of multidimensional max-product Kan-
torovich sampling operators and the results are used in the learning theory analysis
of regularized least squares regression with certain multidimensional kernels. Duan
and Ye studied several randomized approximation methods for Besov spaces and
characterized their exact asymptotic orders. Acua, Dancsb, and Radu derived rep-
resentations for the inverses of several positive linear operators. Mhaskar and Poggio
showed that deep networks are better than shallow ones in approximating functions
that can be expressed as a composition of functions described by a directed acyclic
graph.

Besides learning theory and approximation theory, several other interesting re-
search topics concerning data science analysis are also covered by this special issue.
Asharabi and Prestin developed a new sampling method to compute eigenpairs of a
two-parameter Sturm-Liouville system by using the bivariate sinc-Gauss sampling
formula and proved it has convergence rates of exponential order. Cao and Liu pro-
vided an adaptive estimate for a family of density functions that do not necessarily
have compact supports. Guo, Fu, Wang, and Land proposed a numerical method to
calculate the Fisher information of heterogeneous negative binomial regression and
developed a preliminary framework for analyzing incomplete counts with overdis-
persion. Song, Wu, and Huang studied stochastic differential equations with affine
coefficients driven by α-stable white noise and developed algorithm to detect the
first jump time in simulations of sampling trajectories. Xu and Li analyzed a re-
laxed analysis LASSO approach for recovery of signals corrupted with noise and
derived error estimations under some weak conditions.

The papers in the present issue have addressed recent trends and developments
in learning theory, approximation theory, and other topics arising from machine
learning and data science. We expect that the present special issue would be helpful
for researchers to develop new mathematical tools, design and analyze new machine
learning algorithms, and explore arising applications domains of data science.

All the eighteen papers were rigorously refereed and edited under the strict jour-
nal guidelines and policy that apply to regular issues of Communications on Pure
and Applied Analysis. We hereby express our sincere gratitude to the authors and
reviewers who contributed greatly to the success of this special issue.
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