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Distributed and decentralized optimization has been actively developing since the 1980s.
Overall, until the early 2010s, this development progressed rather steadily. However,
recently, due to the vast number of applications in data analysis (artificial intelligence) and
the inability to load (store) all training data on a single device, distributed optimization has
experienced a real boom. In addition to classical formulations, areas such as decentralized
optimization on time-varying graphs (networks), asynchronous optimization, federated
learning, personalized federated learning, and distributed optimization with compressions
(biased and unbiased), among others, have gained popularity. All these new problem for-
mulations have been motivated by applications. Furthermore, not so long ago (ten years
ago), the field of distributed optimization significantly lagged behind non-distributed opti-
mization in theoretical sense, where in many important cases lower bounds on the number
of oracle calls were obtained, and algorithms were proposed that operated according to
these lower bounds. The difficulty arose from the fact that, unlike classical optimization,
where the criterion is typically one—the number of oracle calls—additional criteria emerge
for distributed optimization regarding the number of communication steps or, in general,
the volume of transmitted information and the frequency of communications. With the
introduction of two or more criteria, it seemed increasingly difficult to expect uniform
optimality across all these criteria. Surprisingly, this is not only possible but also somewhat
typical. The achievements of the last ten years demonstrate that the field of distributed opti-
mization is surprisingly strong in theoretical terms. Just as in classical (non-distributed)
optimization, it is possible to construct lower bounds that are uniform across all criteria
and obtain algorithms that achieve them. Despite this optimism, due to the large influx of
new problem formulations, including those mentioned above, many open problems remain
where existing algorithms and existing lower bounds (if any) do not correspond to each
other—meaning there is a gap, or worse yet, no lower bounds exist.

This Special Issue aims to reduce the number of such open problem formulations and, in
some cases, to narrow the gap between lower bounds and upper bounds. The Special Issue
is distinguished by three main aspects: (1) almost all articles have a pronounced theoretical
character and well demonstrate the high mathematical standard currently present in this
field; (2) nearly all articles address new relevant problem formulations motivated by specific
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applications, typically related to distributed learning of large models; (3) all articles feature
well-known specialists as co-authors who have achieved foundational results in distributed
optimization.

Given all this, we believe that this Special Issue will be of interest to a wide range of
specialists in numerical methods for optimization and their applications.

This Special Issue is dedicated in memory of Oleg P. Burdakov, Boris T. Polyak, and
Fyodor P. Vasilyev.
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