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Abstract: Adam is a popular optimization framework for training deep neural networks, which simultaneously employs
adaptive step-size and momentum techniques to overcome some inherent disadvantages of SGD. However, even for the
convex optimization problem, Adam proves to have the same regret bound as the gradient descent method under online
optimization circumstances; moreover, the momentum acceleration property is not revealed. This paper focuses on
nonsmooth convex problems. By selecting suitable time-varying step-size and momentum parameters, the improved
Adam algorithm exhibits an optimal individual convergence rate, which indicates that Adam has the advantages of both
adaptation and acceleration. Experiments conducted on the /;-norm ball constrained hinge loss function problem verify

the correctness of the theoretical analysis and the performance of the proposed algorithms in keeping the sparsity.
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