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The authors should be congratulated on their timely
contribution to this emerging field with a comprehensive review, which will certainly attract more
researchers into this area. In the simplest one-shot
approach, the entire dataset is distributed on multiple
machines, and each machine computes a local estimate
based on local data only, and a central machine performs an aggregation calculation as a final processing
step. In more complicated settings, multiple communications are carried out, typically passing also first-order
information (gradient) and/or second-order information (Hession matrix) between local machines and the
central machine. This review clearly separates the existing works in this area into several sections, considering
parameter regression, nonparametric regression, and
other models including principal component analysis
and variable screening.
In this discussion, I will consider some possible
future directions that can be entertained in this area,
based on my own personal experience. The first problem is a combination of divide-and-conquer estimation
with some efficient local algorithm not used in traditional statistical analysis. This is motivated by that, due
to the stringent constraint on the number of machines
that can be used either practically or in theory (for
example, when using a one-shot approach,
the num√
ber of machines that can be used is O( N)), the sample
size on each worker machine can still be large. In other
words, even after partitioning, the local sample size may
still be too large to be processed by traditional algorithms. In such a case, a more efficient algorithm (one
that possibly approximates the exact solution) should
be used on each local machine. The important question here is whether the optimal statistical properties
can be retained using such an algorithm. One such
attempt with an affirmative answer is recently reported
in Lian et al. (2021). In this work, we use random
sketches (random projection) for kernel regression in
an RKHS framework for nonparametric regression. Use
of random sketches reduces the computational complexity on each worker machine, and at the same time
still retains the optimal statistical convergence rate.
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We expect combinations along such a direction can
be useful in various settings, and for different settings
different efficient algorithms to compute some approximate solution are called for.
The second problem is to extend the studies beyond
the worker-server model. Most of the existing methods
in the statistics literature are focused on the centralized system where there is a single special machine that
communicates with all others and coordinates computation and communication. However, in many modern
applications, such systems are rare and unreliable since
the failure of the central machine would be disastrous.
Consideration of statistical inference in a decentralized
system, synchronous or asynchronous, where there is
no such specialized central machine, would be an interesting direction of research for statisticians. Currently,
decentralized systems are investigated from a purely
optimizational point of view, without incorporating statistical properties (Ram et al., 2010; Yuan et al., 2016).
Finally, on the theoretical side, the distributed statistical inference problem provides opportunities and
challenges for investigating the fundamental limit
(i.e., lower bounds) in performances achievable taking into account communicational, computational and
statistical trade-offs. For example, in various models, if a one-short approach is used, then there is
a limit in the number of machines allowed in the
system and more machines will lead to a suboptimal statistical convergence rate. On the other hand,
when multiple communications are allowed, the constraint on the number of machines can be relaxed
or even removed. This represents a communicational
and statistical trade-off. As another example, the computational and statistical trade-off has already been
explored in many works (Khetan & Oh, 2018; L.
Wang et al., 2019; T. Wang et al., 2016). The question is how would this change when communications come into play. A general framework taking
into account computational, statistical, and communication costs is called for, which would significantly
advance the understanding of distributed estimation
and inference.
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