AdalLA: Adapting Gradient Estimation by Looking Ahead

Sharan Ramjee
sramjee@stanford.edu
Department of Computer Science
Stanford University

Abstract

First-order gradient methods used for the optimization of neural networks broadly fall into two
categories: stochastic gradient descent (SGD) methods and adaptive learning rate methods. While
SGD methods lead to better generalization performance on large datasets, adaptive learning rate
methods lead to faster convergence in early training phases. In order to address these issues, Zhuang
et al.(1) proposed the AdaBelief optimizer, which adapts the step sizes through the use of an
Exponential Moving Average (EMA) of the gradients to quantify the "belief" in the step size to
be taken. AdaBelief, however, assumes a smooth parameter space that does not change much in
terms of the gradients, which, in turn, justifies the use of the EMA of the gradients to "predict"
the next gradients. However, this assumption does not always hold in complex parameter spaces
as the gradients could drastically change at every iteration of the optimizer, in which case, the
EMA of the gradients is not a good approximation of the next gradients. In order to address this
issue, this paper proposes AdalLA: Adaptive Gradient Estimation by Looking Ahead, which is
simple modification to AdaBelief that looks ahead to better adapt step sizes. Through extensive
experiments, this paper demonstrates that AdalLA leads to better convergence across a variety of
Deep Learning tasks, datasets, and models. The implementation of AdalLA can be found on GitHub:
https://github.com/sharanramjee/adala-optimizer.

1 Introduction

Given the enormous dimensionality of the parameter space, state-of-the-art neural networks are typically trained with
first-order gradient methods (2), which can be categorized into two types of methods: stochastic gradient descent (SGD)
methods (3; 45 155 [6) and adaptive learning rate methods (7; [8; 195 [10). While SGD methods lead to better generalization
performance on large datasets, adaptive learning rate methods lead to faster convergence in early training phases (11} 12).
Furthermore, adaptive learning rate methods have been empirically found to be unstable when training Generative
Adversarial Networks (GANSs) (13).

In order to address the above issues, Zhuang et al.(1)) proposed the AdaBelief optimizer, which is a modification to
Adam. In contrast to Adam, AdaBelief views m;, which is the exponential moving average (EMA) of the gradients
g: as the prediction of the next gradients. Intuitively, if g; deviates significantly from m;, then a small step is taken
as we have a weak belief in g;. However, if g; is close to the prediction my, then a large step is taken as we have a
strong belief in g;. Here, v, = g7 and s; = (g, — m;)? are the EMAs of g7 and (g; — m;)?, respectively. As observed
in the next section, while m; is divided by /v; in Adam, it is divided by ,/s; in AdaBelief, where \/157 is viewed as
the "belief" in the observation. AdaBelief is a variant of Adam that modifies it without extra parameters and had three
advantages as examined by Zhuang et al.(1): (1) Fast convergence as in other adaptive learning rate methods, (2) Good
generalization as in SGD methods, and (3) Training stability in complex settings such as GANSs.

AdaBelief assumes a smooth parameter space that does not change much in terms of the gradients. As such, the EMA
of the gradient m, can be used to "predict" the next gradient g;. However, this assumption does not always hold in
complex parameter spaces as the gradients could drastically change at every iteration of the optimizer, in which case,
my is not a good approximation of the gradient. In order to address this issue, this paper proposes AdalLA: Adaptive
Gradient Estimation by Looking Ahead.



2 Method

Similar to AdaBelief, AdaLLA makes a simple modification to Adam that does not make use of any extra parameters.
AdaL A takes a step in the direction of steepest descent (similar to Adam), computes the gradient at the next step, and
uses it to adapt the learning rate, similar to the way AdaBelief uses the EMA of the gradient instead of the actual
gradient at the next step. The pseudo-code of Adam, AdaBelief, and AdalLA are given below (modifications to Adam
highlighted in blue). By the convention used in (10), the notations are as follows:

« f(0) € R, € R?: fis the loss function to minimize, € is the parameter in R¢

* T17 0(y) = argmin, z[|[M'/2(z — y)||: projection of y onto a convex feasible set F
* g;: the gradient at step ¢

* my: exponential moving average (EMA) of g,

* g, Syt vy is the EMA of gt2, s¢ is the EMA of error in the predicted gradient

* o, e o is the learning rate, default is 1073; € is a small number, typically set as 108

* (1, B2: smoothing parameters, typical values are 51 = 0.9, 52 = 0.999

* [1t, B2t are the momentum for m; and v; respectively at step ¢, and typically set as constant (e.g. S1; =
B, Bar = Ba,Vt € {1,2,.. T}

Algorithm 1: Adam Optimizer Algorithm 2: AdaBelief Optimizer
Initialize 0y, mg < 0, vy < 0,t < 0 Initialize 6y, mg < 0,59« 0,t <0
While 6; not converged While 6; not converged
t+—t+1 t+—t+1
gt < Vo fi(0i-1) gt < Vo fi(0i-1)
my <= Bimy_1 + (1 — B1)gs my <= Bimy_1 + (1 — B1)gs
vy < Bove—1 + (1 — B2)g7 sp 4 Basi—1 + (1 — B2)(ge —my)? + €
Bias Correction Bias Correction
My 4 2%, U 4 257 My 4= 125, 5 4 251
Update Update
0 < 15 ve (9%1 - \}%’16) O 117 ve (etfl - %’Le)

Algorithm 3: AdalLA Optimizer

Initialize 90, mo < 0 , S0 < 0, t< 0
While 6; not converged

t—t+1

gt < Vo fi(0i—1)

Gi41 < Vofiy1(0:)

my < Bimy—1 + (1 — B1)ge

sp 4 Basi—1 + (1= B2)(gt — gi41)* + €

Bias Correction

My 12, 5 2
Update

00 Tp, e (01— 225

3 Experimental Setup

In accordance to the experiments conducted by Zhuang et al.(1)), the performance of AdalLA in comparison to the other
optimizers when it comes to optimizing neural networks will be performed on two datasets corresponding to three
sets of tasks, each with their own evaluation models and metric for quantitative evaluation as given in table |1} For
qualitative evaluation, the test accuracy curves, test perplexity curves, and sample image generations will be reported
for the image classification, language modeling, and image generation tasks, respectively. For quantitative evaluation,
the best test accuracy, best test perplexity, and best Frechet Inception Distance (FID) (14) will be reported for the image
classification, language modeling tasks, and image generation tasks, respectively.



Table 1: Experimental Setup

| Task | Dataset | Evaluation Models | Evaluation Metric
Image Classification | CIFAR-10 VGGI11, ResNet34, DenseNet121 | Test set accuracy
Language Modeling | Penn TreeBank | 1-layer, 2-layer, 3-layer LSTMs Test set perplexity
Image Generation CIFAR-10 WGAN, WGAN-GP Frechet Inception Distance

4 State-of-the-Art Optimizers

The performance of AdalLA, in accordance to the experimental setup outlined in the next section, will be compared to
the following state-of-the-art optimizers: AdaBelief (1), SGD (5), AdaBound (15)), Yogi (16), Adam (10), MSVAG
17), RAdam (18), AdamW (19), and Fromage (20).

Extensive hyperparameter tuning was performed for each of the state-of-the-art optimizers across the experiments. The
hyperparameters for AdaLLA were chosen to be the same as those of Adam as they led to better convergence empirically.
Furthermore, in order to improve convergence near the minima, a weight decay of 5 x 10~% was used across all the
optimizers. In accordance to the tuning performed by Zhuang et al.(1)), the following hyperparameters were chosen for
the image classification and language modeling tasks:

AdalLA, AdaBelief, Yogi, Adam, RAdam, AdamW The default parameters of Adam were used: 5; = 0.9, B =
0.999, e = 1078, o = 1073.

SGD and Fromage Learning rates of 0.1 and 0.01 were used for SGD and Fromage, respectively. Additionally, a
momentum of 0.9, which is the default for networks such as ResNet (21) and DenseNet (22) was used. The rest of the
hyperparameters were set to the Adam defaults: 1 = 0.9, S2 = 0.999, € = 0.001.

AdaBound Learning rates of 0.1 and 0.001 were used for the initial and final learning rates, respectively. The rest of
the hyperparameters were set to the Adam defaults: 8; = 0.9, 52 = 0.999, v = 0.001.

MSVAG A learning rate of 0.1 was used. The rest of the hyperparameters were set to the Adam defaults: 5; = 0.9,
B2 = 0.999, e = 0.001.

For the image generation task, a learning rate of 2 x 10~% was chosen for all the optimizers. Furthermore, in accordance
to the improved empirical results obtained by Zhuang et al.(1) using the following hyperparameters for AdaBelief, the
same hyperparameters were set for AdaLLA during the WGAN and WGAN-GP training: 5; = 0.5 and € = 10712,

5 Results

In accordance to the analysis done by Zhuang et al. (1)) across the three tasks, for each optimizer, a search is performed for
the optimal hyperparameters. The mean and standard deviation of the test set accuracy (under optimal hyperparameters)
for three runs with random initialization are then reported.

5.1 Image Classification

The image generation performance of AdaLLA in comparison to the other state-of-the-art optimizers is compared on the
CIFAR-10 dataset (23) using the VGG11 (24)), ResNet34 (21), and DenseNet121 (22) models. The qualitative results
are given in Fig. [T|and the quantitative results are given in Table. [2]
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Figure 1: Test accuracy ([ + o]) on the CIFAR-10 dataset. Visualization code modified from AdaBound (13).



Table 2: Best test accuracy (higher is better) on the CIFAR-10 dataset

Optimizer | VGGI1 | ResNet34 [ DenseNetl21 |

Fromage 89.77% | 94.51% 95.10%
AdamW 89.39% 94.59% 94.55%
RAdam 89.30% 94.33% 94.81%
MSVAG 90.24% 94.44% 94.81%
Adam 88.40% 93.02% 93.35%
Yogi 90.67% 94.71% 94.76%
AdaBound | 90.62% | 94.85% 94.58%
SGD 90.11% 94.64% 94.50%
AdaBelief | 91.41% 95.44% 95.51%
AdalLA 91.66 % 95.64 % 95.63 %

5.2 Language Modeling

The language modeling performance of AdalLA in comparison to the other state-of-the-art optimizers is compared on
the Penn TreeBank dataset (25)) using the 1-layer, 2-layer, and 3-layer LSTM models (26). The qualitative results are
given in Fig. [2]and the quantitative results are given in Table. [3]
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Figure 2: Test perplexity ([ & o]) on the Penn TreeBank dataset.

Table 3: Best test perplexity (lower is better) on the Penn TreeBank dataset
Optimizer | I-layer LSTM [ 2-layer LSTM [ 3-layer LSTM |

Fromage 84.07 66.43 63.04
AdamW 87.80 94.86 104.49
RAdam 88.57 90.00 93.12
MSVAG 84.68 68.83 65.03
Adam 84.28 67.27 64.28
Yogi 86.59 71.33 67.51
AdaBound 84.78 67.53 63.58
SGD 85.07 67.42 63.77
AdaBelief 84.21 66.29 61.23
AdaLA 83.24 65.36 60.33

5.3 Image Generation

The image classification performance of AdalLA in comparison to the other state-of-the-art optimizers is compared on
the CIFAR-10 dataset (23) using the Wasserstein-Generative Adversarial Network (WGAN) (27) and the improved
version with gradient penalty (WGAN-GP) (28)) with a vanilla CNN generator. Each optimizer is used to train the model
for 100 epochs, generate 64,000 fake images (60,000 real images in CIFAR-10) from noise. The Frechet Inception
Distance (FID) (14)) is then computed between the fake and real images in order to quantitatively assess (lower FID is
better) the quality and diversity of the generated images. The qualitative results are given in Figs. [3|and 4] while the
quantitative results are given in Table.



R i ! ; :
; ,"‘h:. ’f‘ -& fawﬂ -

-
O P T S
o ™

)

(i) RAdam (G) AdamW (k) Fromage
Figure 3: Fake samples from WGAN trained on the CIFAR-10 dataset using different optimizers.
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Figure 4: Fake samples from WGAN trained on the CIFAR-10 dataset using different optimizers.
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Table 4: Best FID score (lower is better) on the CIFAR-10 dataset

[ Optimizer | WGAN [ WGAN-GP |
Fromage 110.12 98.53
AdamW 94.96 104.26
RAdam 101.94 84.94
MSVAG 448.43 254.21

Adam 97.49 73.55
Yogi 103.76 88.32
AdaBound | 428.57 97.98
SGD 458.67 244.10
AdaBelief 83.13 61.81
AdalLA 81.47 59.84

6 Discussion

For the image classification task, the AdalLA optimizer outperforms the other state-of-the-art optimizers considered
across all the models (VGG11, ResNet34, and DenseNet121) both in terms of the CIFAR-10 test accuracy curves
(qualitative) and best test accuracy (quantitative). For the language modeling task, the AdalLA optimizer outperforms
the other state-of-the-art optimizers considered across all the models (1-layer, 2-layer, and 3-layer LSTMs) both in
terms of the Penn TreeBank test perplexity curves (qualitative) and best test perplexity (quantitative). For the image
generation task, the AdaLA optimizer outperforms the other state-of-the-art optimizers considered across all the models
(WGAN and WGAN-GP) both in terms of the quality of the images generated (qualitative) and best FID score of the
images generated (quantitative). Through these extensive experiments, AdaLLA is demonstrated to be task, dataset, and
model-agnostic and can thus be used for any Deep Learning scenario involving gradient descent-based learning.

While the performance gain achieved over AdaBelief is minimal, AdaLLA outperforms the other optimizers by a large
margin. The performance gain achieved over AdaBelief can be attributed to the ability of AdaLA to "look ahead" and
adapt the next step size to take during gradient descent. As mentioned earlier, AdaBelief uses the EMA of gradients
to adapt step sizes. While this works well in practice, given the high dimensionality of the parameter space of neural
networks, assuming a smooth parameter space often leads to inaccurate "beliefs" when adapting the step sizes using the
EMA of gradients. As such, "looking ahead" to adapt step sizes is a better strategy that leads to improved performance,
as observed in the previous section.

An important takeaway from the CIFAR-10 test accuracy curves (Fig. [I) and Penn TreeBank test perplexity curves (Fig.
[2) is the instability of AdaL A during gradient descent. In particular, the adaptive learning rate methods are known to be
unstable when nearing convergence. While AdaBelief addresses this issue using an EMA of the gradients, this issue is
exacerbated in the case of AdalLA as the step sizes can drastically change at every step of gradient descent based on the
curvature of the parameter space. However, "looking ahead" prevents AdaL A from taking step sizes that could cause
issues such as overshooting or oscillation around the minima and as such, AdaLLA leads to improved convergence over
the other optimizers, despite the instability caused by a lack of using an EMA for the gradients.

Finally, it should be noted that AdalLA, while a simple modification over Adam or AdaBelief, leads to longer training
times as a result of "looking ahead". Looking ahead requires taking a step, computing the gradients, reverting the
model parameters to the initial state before taking the step, and then taking an adapted step based on the "looked ahead"
gradients. This essentially means that every step of AdalLA requires an additional step to "look ahead", which leads to
longer training times, especially in the case of large models, where updating the model parameters is expensive.

7 Conclusion and Future Work

This paper presents AdalLA, a first-order gradient algorithm for optimization that adaptively scales the step sizes by
"looking ahead". AdaL A is shown to lead to improved convergence over other state-of-the-art optimizers across a
variety of Deep Learning tasks, datasets, and models while using the same hyperparameters as Adam.

Future work on improving AdalLA can focus on addressing the two drawbacks of AdalLA: instability and increased
training times. The instability of AdaLLA could potentially be addressed by incorporating an EMA of gradients (similar
to AdaBelief) when adapting the step sizes. Perhaps a weighted linear or non-linear combination of the "looked ahead"
gradients and EMA gradient estimates will lead to improved stability while retaining AdalLA’s improved convergence.
Finally, the increased training time issue of AdalLA could potentially be addressed by taking k steps forward before
taking a step back as performed by the Lookahead Optimizer (29).
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