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Subgradient- and gradient-based methods for convex optimization problems have been one of major
interests in optimization in the last decades, providing efficient approaches to recent demands of solving
large-scale optimization problems which arise from image/signal processing, data mining, statistics, etc.
The oracle-based complexity theory by Nemirovsky and Yudin established a fundamental measure of the
efficiency of subgradient-based methods and many “optimal' complexity methods were demonstrated for
various classes of convex optimization problems. The major interest on the subgradient-based methods
were paid to so called the proximal gradient methods (PGMs) whereas the conditional gradient methods
(CGMs) have been another new focus since the past few years. The approaches to analyze the existing

subgradient-based methods are often different for each methods and for each classes of problems.

In this work, we establish a methodology on developing efficient subgradient-based methods, the PGMs
and the CGMs, unifying several existing methods. It provides a unifying view of known subgradient-based

methods where some of them have different types or were originally analyzed in different ways.

For minimization of Lipschitz convex functions, the proposed PGM generalizes Nesterov's
dual-averaging method (DAM) and the mirror-descent method (MDM) proposed by Nemiroski and
Yudin. We in particular obtained an extension of the MDM improving the convergence property in the

original mirror-descent, and an extension of the DAM for the strongly convex objectives.

For structured optimization problems such as smooth, weakly smooth, and composite ones, we propose a
subgradient-based method generalizing Tseng's accelerated PGMs, Nesterov's modified PGM, and Lan's
CGMs. We prove that these methods achieve the optimal complexity for PGMs and suboptimal one for

CGMs applied to weakly smooth problems admitting the strongly convex case.
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