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Popular first-order gradients methods: 
ü Accelerated schemes (e.g., SGD with momentum)

ü Adaptive methods: Adam and its variants (e.g., AdamW and AdaBelief)

Three popular Adam-based optimizers
ü AdamW: introduces decoupled weight decay into Adam;

ü Nadam: incorporates Nesterov momentum into Adam;

ü AdaBelief: adapts the stepsize according to the “belief” in the current gradient 
direction.

Introduction
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AdamW: decouple weight decay from the gradient-base update

Introduction
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Nadam: incorporate Nesterov momentum into Adam 
ü Nesterov’s accelerated gradient (NAG) has a provably better bound than gradient 

descent.

ü Nadam combines Adam and NAG.

Introduction
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Precise Stepsize Adjustment
AdaBelief: achieve precise stepsize adjustment with “belief”
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Remarkable features of AdamW, Nadam, and AdaBelief:
ü Build based on Adam;

ü Enjoy different advantages in terms of boosting adaptive methods.

Introduction

Guess: Can we combine the benefits of these three popular optimizers?

Three popular Adam-based optimizers
ü AdamW: introduces decoupled weight decay into Adam;
ü Nadam: incorporates Nesterov momentum into Adam;
ü AdaBelief: adapts the stepsize according to the “belief” in the current gradient 

direction.
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Ø We propose a new optimizer AdaPlus.
ü AdaPlus =  AdamW + Nesterov momentum (Nadam) + “Belief” (AdaBelief)
ü This is the first adaptive method that simultaneously combines the adavantages of 

decoupled weight decay, Nesterov momentum, and precise stepsize adjustment.

Ø We conducted extensive experimental evaluations to validate the 
effectiveness of AdaPlus.
ü AdaPlus performs the best in simultaneously achieving the goal of fast convergence, 

good generalization ability, and high stability.
ü For example, on the image classification task, AdaPlus yields an average test 

accuracy improvement of 1.97% (up to 2.36%), 1.85% (up to 2.0%), and 0.52% (up 
to 0.89%) over AdamW, Nadam, and AdaBelief , respectively.

Contributions
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Classical momentum vs. NAG

Modifying AdamW’s Momentum

NAG updates the parameter with  𝑚𝑡 rather than 𝑚𝑡−1

reformulation of NAGclassical momentum

Classical momentum
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AdamW’s update step:

Modifying AdamW’s Momentum

Replace 𝑚!"# with 𝑚𝑡:
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AdamW vs.  AdamW + Nesterov Momentum

Modifying AdamW’s Momentum
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Precise Stepsize Adjustment
AdamW+Nesterov momentum vs. AdaPlus
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Precise Stepsize Adjustment
The main advantage of AdaBelief over 
Adam lies in “large gradient, small 
curvature” case

ü AdaBelief increase the stepsize as an 
ideal optimizer does;

ü Adam decreases the stepsize.

ü AdamW and Nadam decrease the 
stepsize

ü AdaBelief and AdaPlus increase the 
stepsize as the “ideal” optimizer does
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Ø Baseline optimizers:
ü SGDM, Adam, Nadam, AdamW, Radam, AdaBelief, AdamW-Win, Lion.

Ø Computing platform: 
ü A multi-GPU machine equipped with four NVIDIA Tesla GPUs

Ø Machine-learning tasks: 
ü Image classification: VGG-11, ResNet-34 and DenseNet-121 on CIFAR-10

ü Language modeling: 1-layer, 2-layer, and 3-layer LSTMs on Penn TreeBank

ü GANs: Wasserstein GAN (WGAN) and WGAN-GP on CIFAR-10

Experiment settings
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Experiments for Image Classification



并行与分布处理国防科技重点实验室

Lei  Guan 04/19/2024AdaPlus: Integrating Nesterov Momentum and Precise Stepsize Adjustment on AdamW Basis

Experiments for Language Modeling
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Experiments for GANs on CIFAR-10
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Ø We propose a novel and efficient adaptive method AdaPlus.
ü We construct efficient scheme to combine the advantages of AdamW, Nadam, and 

Adabelief.

ü The experimental results validate that AdaPlus outperforms the popular eight 
state-of-the-art optimizers in terms of simultaneously considering convergence 
traits, generalization ability, and training stability.

Ø AdaPlus provides new idea for designing deep learning optimizers.

Conclusions
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Thank you!

Feel free to contact me!

guanleimath@163.com


