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Abstract

Overshoot is a novel, momentum-based stochastic
gradient descent optimization method designed
to enhance performance beyond standard and
Nesterov’s momentum. In conventional momen-
tum methods, gradients from previous steps are
aggregated with the gradient at current model
weights before taking a step and updating the
model. Rather than calculating gradient at the
current model weights, Overshoot calculates the
gradient at model weights shifted in the direction
of the current momentum. This sacrifices the im-
mediate benefit of using the gradient w.r.t. the
exact model weights now, in favor of evaluating
at a point, which will likely be more relevant for
future updates. We show that incorporating this
principle into momentum-based optimizers (SGD
with momentum and Adam) results in faster con-
vergence (saving on average at least 15% of steps).
Overshoot consistently outperforms both standard
and Nesterov’s momentum across a wide range
of tasks and integrates into popular momentum-
based optimizers with zero memory and small
computational overhead.

1. Introduction

Optimization algorithms are fundamental to machine learn-
ing. In past years, numerous SGD-like algorithms have
emerged aiming to accelerate convergence, such as Adam
(Kingma & Ba, 2015), RMSprop (Tieleman & Hinton.,
2012), ADAGRAD (Duchi et al., 2011a), Nadam (Dozat,
2016), RAdam (Liu et al., 2020), AdamP (Heo et al., 2021)
and many more. The vast majority of these algorithms uti-
lize momentum, a technique that accelerates convergence
in deep learning optimizers (Sutskever et al., 2013). Typi-
cally, a variation of Polyak’s “classical” momentum (CM)
(Polyak, 1964) or Nesterov’s Accelerated Gradient (NAG)
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Figure 1: Overshoot derives gradients from overshot model
weights ¢’, instead of from base weights 6. The overshoot
weights are “future model weights” estimations, computed
by extending previous model updates by a factor of . This
way, past gradients become more relevant to the current
model weights, hence faster convergence. Consider the sit-
uation at 6, 4: computing the next step will use gradients
coming from a more representative “neighborhood” group
of overshot models (red circles) instead of a less representa-
tive “tail” of past base models (gray points).

(Nesterov, 1983) is applied. While deep learning optimiza-
tion algorithms vary in many important aspects, their ap-
proach to momentum is similar: model updates are com-
puted by aggregating the latest and past gradients. Although
some optimizers, like RMSprop, do not incorporate momen-
tum, momentum-based optimizers are frequently the default
choice for optimization (Schmidt et al., 2021).

In this work, we introduce a novel approach to momentum
called Overshoot. The primary distinction between CM and
Overshoot is that in Overshoot, the gradients are computed
using model weights shifted in the direction of the cur-
rent momentum (future gradients). This makes Overshoot
similar to NAG, however unlike NAG, Overshoot decou-
ples the momentum coefficient and the “’look-ahead” factor.
To achieve that, Overshoot leverages two types of model
weights: 1) the Base weights (0) being optimized, and 2) the
Overshoot weights (0") which are used to obtain the gradi-
ents, see Figure 1. Unlike mentioned methods, Overshoot
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focuses on the process of obtaining gradients, rather than
their aggregation into model updates. Consequently, the
Overshoot algorithm can, in principle, be combined with
any momentum-based optimization algorithm.

The contributions of this paper are two-fold:

1. The Overshoot momentum method description (sec-
tion 2), complemented by efficient implementations
for both the SGD and Adam'.

2. An empirical evaluation of Overshoot across a broad
range of tasks (section 5), benchmarking its effective-
ness against: accelerated SGD with CM and NAG (for
its simplicity) and Adam (for its widespread use).

With rate of convergence and test set performance
(loss/accuracy) as metrics, our results show Overshoot beat-
ing baselines across a diverse set of scenarios. Furthermore,
we implement Overshoot in SGD and Adam, achieving this
with zero memory and minimal computational overheads.

2. Method

The Overshoot algorithm is based on the three assumptions:

1: In stochastic optimization, better gradient estimates lead
to faster convergence and improved generalization.

2: The quality of the gradient estimate decreases with the
L? distance between the model used to compute the gradi-
ent and the model for which the gradient is estimated. In
particular, for similar model weights 6, and 6, we expect
the following to be generally true:

10 = Op][ o ||V £ (6a) — V£ (65)]| M

where f is the stochastic objective function and V f(6)
denotes the vector of partial derivatives w.r.t. 6. In the
momentum-based optimizers, this relationship is managed
by exponential weight decay scheme for past gradients.

3: Consecutive updates ét, éH—l have similar direction:
E[Su(Bu,0r11)] > 0 @

where S, is a cosine similarity. The similarity between
consecutive model updates, in momentum based optimiz-
ers, is primarily determined by the momentum coefficient
parameter (e.g., Adam: ;) with its default value of 0.9 pro-
moting update stability. Consequently, we expect the model
weights, shifted in the direction of the current momentum,
to be on average closer to the future model weights than the
current weights are. In particular:

2s 2s
Z|\(9t+89t)—9t+z’||<Z||9t—9t+7¢|| (3)
1=0 1=0

"https://anonymous.4open.science/r/overshoot-47DD

where 6; denotes model weights at step ¢, s € {1,..., K}
represents overshoot, and 6; + sét are weights shifted in
the direction of the current momentum. K is determined by
the optimization process stability (expressed by (2)). For
context: with very stable updates, s times the update would
take us approximately s steps forward in the optimization
process. By summing up to 2s, we are effectively looking
back by s steps and forward by s steps from that position.

Based on these premises, we hypothesize that gradients
computed on model weights shifted in the direction of
the current momentum can, on average, yield more ac-
curate future gradient estimates, and thereby result in
faster convergence. We empirically verify this hypothesis in
Section 5.

Algorithm 1 describes the general form of the Overshoot al-
gorithm. This definition is decoupled from the optimization
method, and illustrates Overshoot’s main idea. However,
it does not achieve the desired computational and memory
overheads. To do so, the Overshoot algorithm must be tai-
lored to specific optimization methods. We discuss such
implementations for SGD (SGDO) and Adam (AdamO) in
Sections 2.1 and 2.2.

Algorithm 1 General Overshoot definition visualized in
Figure 1. We copy the optimizer function ¢ to address
situations in which the optimizer maintains an internal state.

input Initial model weights 6, stochastic objective func-
tion f(#) with parameter 4, momentum-based optimiza-
tion method ¢ (e.g., Adam), learning rate > 0, over-
shoot factor v > 0
96 — 90
¢ ¢
fort=1,2,...do
gt < Vf(0,_1)
O < &(0i—1,9:,7m)
91/5 — ¢/(9t7 9t ’777)
end for
output 0,

2.1. Efficient implementation for SGD

The main idea of efficient implementation is to compute up-
date vectors directly between consecutive overshoot model
weights, eliminating the need for base weights and reducing
computational overhead. However, without base weights,
we lose the ability to reproduce its loss during training.
Additionally, to fully align with the general version of Over-
shoot, the final overshoot weights should be updated to their
base variant at the end of the training.

The update vector for Overshoot weights is computed as:

0,1 = =70 + (v + 141 4)
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where 6, denotes base weights update vector at step t. The
first term: —’yét can be viewed as reversing the overshoot
from the previous step and: (y 4 1)f;41 as model update
from the base weights at step ¢ to the overshoot weights at
step t + 1. Using CM definition (Polyak, 1964):

Myy1 = pmy + V f(6:) (5)

Orr1 =0 —npmyqq (6)
with 7 > 0 is the learning rate and p € [0, 1] is the momen-
tum coefficient, the Overshoot model update is:

0i 1 = 0; — n(—yme + (v + 1)meq1) @)

By substituting the m;,; using CM’s recurrence relation
(5), and rearranging terms, (7) can be rewritten into:

0y =0, —n((y - g + Dy + %Vf(ﬂi)) ®)

In (8), update for overshoot weights is computed as a linear
combination of the current momentum and gradient. Based
on this observation we derive the efficient implementation
of Overshoot for SGD described in Algorithm 2.

Algorithm 2 SGDO: Overshoot for SGD

input Initial model weights 6, stochastic objective func-
tion f(6) with parameter 6, learning rate > 0, overshoot
factor v > 0, momentum coefficient i € (0, 1]
mg < 0
Mme ¢y —yp~ t+1
ge =yt
fort=1,2,...do
gt < Vf(0i-1)
My <= pMmy—1 + gt
O < 0t—1 — n(mems + gege)
end for
output 6, + nym, (Base weights)

2.2. Efficient implementation for Adam

Following the method outlined in Section 2.1, we derive an
efficient implementation for Adam (AdamO) using the ap-
proach described in Equation 4. However, Adam introduces
two key differences:

1: Momentum is defined as a decaying mean of gradients
rather than a decaying sum:

mey1 = Brmyg + (1 — B1)V f(0;) ©))
where 31 denotes the momentum coefficient.

2: Adam applies additional operations to m, before calcu-

lating the model update 0, concretely 0, = dﬁmt where
t

dy = (1 — B4)\/9; (from Algorithm 3). The inclusion of d;
complicates deriving 6; from momentum m;, making the
direct computation of (4) computationally inefficient.

There are three primary strategies to address this: (a) Com-
pute 6, and ét+1 precisely at each step, leading to high
computational inefficiency; (b) Cache model updates, which
increases memory overhead; or (c) Use an approximation
method, which we adopt here.

A key observation is that for large ¢ and with 52 = 0.999
(resulting in small updates for the second moment estimates
v; (Dozat, 2016)), the difference between d; and d;; be-
comes small. Thus, for larger ¢ we can approximate 0, by
applying the bias correction: (1 — 3t)~! and the second
momentum estimate: /%; from the subsequent step without
significant loss in accuracy:

n
diy1

0; ~ my (10)

To avoid applying (10) at small ¢ we introduce a delayed
overshoot technique to postpone the application of Over-
shoot. This delay is further justified by the fact that, early in
training, momentum has not yet stabilized, and assumption
(2) may not hold. Delayed overshoot is defined as:

¢ = max(0, min(y,t — 7)) (11)

where 7 € N is the overshoot delay.

Starting with Equation 4, using delayed overshoot factor
(11), model update estimate (10), and momentum recurrent
formula (9), we derive the formula for model update used
in Algorithm 3:

01 = =0 + (g1 + 1)y ), (11)
~ di(_%mt + (Ver1 + 1)mggn) (10)
t+1
= dL((—%H - ’Ytﬁfl + 1)myyq
t+1
+ (L= BBy v f(6))) )
3. Related Work

In recent years, numerous new optimizers for deep learning
have emerged, with many—such as RMSprop (Tieleman
& Hinton., 2012), AdaGrad (Duchi et al., 2011b), Adam
(Kingma & Ba, 2015), AdamP (Heo et al., 2021) AdamW
(Loshchilov, 2017) RAdam (Liu et al., 2020) AdaBelief
(Zhuang et al., 2020) focusing on adaptive learning schemes.
These methods aim to stabilize the training process by lever-
aging first- and second-moment estimates to clip, normalize,
and adjust gradients, facilitating smooth and stable updates.
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Algorithm 3 Adam , AdamO with good defaults: 7 = 50,
v =o.

input Initial model weights 6y, stochastic objective func-
tion f(6) with parameter 6, learning rate n > 0, over-
shoot factor v > 0, overshoot delay 7 > 0, adam betas
1, B2 € (0,1]
mog < 0
vg < 0
Yo <0
fort=1,2,...do
gt < Vf(0i-1)
mg < Brmi—1 + (1 — B1)gs
vy = PBavg—_1 + (1 — Ba)g?
ﬁlt G mt(l — ﬂ%)_l
e < maz (0, min(y,t — 7))
Me 7t = Ye-1B7 ' +1
ge < (1= B)y—1B87"

My < (mcmt + gcgt)(l - Bi)il
’UAt — 'Ut(l — 65)71

6t — et—l —

m
Vor+e

end for

output 6, +v

n
Vote

Despite these advances, recent methods often struggle to
consistently and significantly outperform Adam, which re-
mains a reliable default choice in many scenarios (Schmidt
et al., 2021) (or rather AdamW with fixed weight decay).

Other approaches, including Nadam (Dozat, 2016) and
Adan (Xie et al., 2024), focus on incorporating Nesterov’s
accelerated gradient (NAG) into the Adam optimizer. As
shown in Section 2.1, Overshoot shares similarities with
Nesterov’s momentum,; it can be viewed as Nesterov’s mo-
mentum with a parameterized “look-ahead” step used to
compute gradients. Thus, Nadam and Adan also align
closely with our work, albeit with distinct approaches.

Nadam employs an approximation technique to merge up-
dates from consecutive steps into a single model update,
based on the observation that for the default Adam set-
ting (B2 = 0.999), updates to second-moment estimates do
not vary significantly. Adan, in contrast, introduces a new
method called NME to precisely integrate NAG into Adam
but relies on the difference between previous and current
gradients, which adds memory overhead. Our approach
to incorporating Overshoot into Adam is more similar to
Nadam’s, as it also uses an approximation method. However,
unlike Nadam, we also approximate the bias-correction term
after training step t.

The Look-ahead optimizer (Zhang et al., 2019) presents a
different strategy for the optimization step, sharing some
conceptual similarities with Overshoot. It also uses two
sets of weights (fast and slow), but differs in that Look-
ahead performs k full steps with the fast weights before
interpolating with the slow weights. In contrast, Overshoot
applies only a single step with an increased learning rate of
k times and uses the resulting gradients to update the model.

In Section 4.1, we show that Overshoot unifies three distinct
variants of SGD—CM, NAG, and vanilla SGD. This is sim-
ilar to how a previous work (Yan et al., 2018), introduced a
unification method for SGD momentum called SUM, which
integrates Polyak’s heavy ball momentum (Polyak, 1964),
NAG, and vanilla SGD.

4. Overshoot Properties

We examine the properties of Overshoot when paired with
the simplest momentum-based optimization method, SGD,
and demonstrate how it unifies CM, NAG, and vanilla SGD.

4.1. Momentum Unification

First we examine SGDO properties, by showing its equiva-
lence to various SGD variants. We will only focus on the
Overshoot weights 6’, omitting the final adjustment step to
base weights.

Nesterov’s accelerated gradient (NAG), can be rewritten
into form of the momentum (Sutskever et al., 2013):

Mmyp1 = pmy + V (0 — npumy) (12)

Or11 =0t —nmeiq (13)
SGDO update rule can be expressed as:

myp1 = pmyg + V f(0 — nymy) (14)

Orr1 =0 —nmypq (15)

The difference between NAG and SGDO is that SGDO
decouples the momentum coefficient ; and the “look-ahead”
factor . Therefore, NAG is a special case of SGDO.

In Section 2.1, we show that the SGDO update is expressed
as a linear combination of current momentum and gradient.
From (8) we can see that momentum multiplication factor
(v — =1 +1) can be equal to zero. In this case, the SGDO
omits the momentum component, making its update rule
equivalent to vanilla SGD. Taken together, SGDO (without
the final adjustment step), can be equivalent to the following
SGD variants:

=0 SGD with CM
= SGD with NAG
y=pul —p) T vanilla SGD
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Nesterov's momentum
—— SGD without momentum
—== Optimal setting estimate*
Negative momentum
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Overshoot factor: y
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Figure 2: Overshoot for various v and p settings. Negative
momentum aggregates past gradients with an inverted sign.
Arguably, this is not the intended behavior of a momentum
based optimizer. *Estimated by minimizing (16), using
SGDO to generate a series of paths with 30,000 steps and
randomly sampled gradients from {g € R?° : ||g|| = 1}.

4.2. Gradients relevance

Momentum can be interpreted as a form of gradient accu-
mulation. Its primary advantage over traditional gradient
accumulation lies in its computational efficiency, as it avoids
multiple forward and backward passes per optimization step.
However, in momentum, gradients are computed w.r.t. his-
torical model weights rather than the current ones. The
divergence between historical and current weights reduces
the relevance of historical gradients, though they remain
useful to some extent. To quantify the relevance of past
gradients, we introduce the measure:

N 1
Awd(y) = %Z > l16: = 03| w(i.g)  (6)

i=1 j=1

where N is a number of training steps, 6;/0} are
base/overshoot weights at training step ¢ and w(z, j) rep-
resents the weighting scheme of past gradients (acceler-
ated SGD: y*=7, Adam: (1 — 31); 7). Note that for non-
overshoot momentum 6; = 6;.

We hypothesize that argmin, Awd(y) > 0, therefore
Overshoot should enhance the relevance of past gradi-
ents relative to current model weights, potentially leading
to faster convergence. Figure 2 illustrates the estimated
arg min, Awd(y) w.rt. p, based on simulations of the
SGDO process. In Section 5.3.3 we empirically analyze
Awd across various tasks, comparing classical and over-
shoot momentum variants, and evaluate its impact on the
training loss convergence rate.

4.3. Gradient weight decay

The exponential weight decay scheme applied to past gra-
dients in accelerated SGD: p?~7, where 7 is the current

training step and j is the step in which the gradient was
computed, is suboptimal for Overshoot. This is because,
in Overshoot, there is no monotonous relationship between
"gradient age’ and its relevance. However, our experiments
demonstrate that Overshoot outperforms CM and NAG even
under the p'~7 weight decay scheme (Section 5). Investi-
gating an alternative past gradient weighting scheme, more
suitable for Overshoot, is beyond the scope of this work and
is left for future research.

5. Experiments

We evaluate the Overshoot using its efficient implementa-
tion of SGDO and AdamO, as detailed in Sections 2.1 and
2.2 using overshoot factors v € {3, 5, 7}. Overshoot results
are compared against accelerated SGD, Adam, and Nadam
baselines. In all experiments we use the pytorch library
(2.4.0), automatic mixed precision, no learning rate sched-
ulers, and Nvidia GPUs with Ampere architecture. AdamW
weight-decay implementation is used for all Adam variants
(Adam, Nadam, AdamO). We use a constant momentum
coefficient in Nadam. All experiments were run with ten
different random seeds, except for those in Figure 4.

5.1. Hyper-parameters

For baselines (CM, NAG, Adam, Nadam) and their over-
shoot variants we use the same set of hyperparameters. For
most tasks, we use default optimization hyper-parameters:

Variable | Name Value
B Batch size 64
lr Learing rate 0.001
51 Adam beta 1 0.9
Ba Adam beta2 | 0.999
I Momentum 0.9
A Weight decay | 0
€ Epsilon 1078

These values are either derived from the recommendations
provided by the authors of the respective algorithms or
set as defaults in widely used implementations. In tasks
where default hyper-parameters would lead to noticeably
suboptimal performance (e.g., 7 = 0.001 for SGD on Cifar-
100), we adopt the values used in one-shot evaluations from
(Schmidt et al., 2021). Any deviations from the default
hyper-parameters are made to enhance the baselines and are
documented in Table 1.

5.2. Tasks

Given that the performance of deep learning optimizers
varies across tasks (Schmidt et al., 2021), we evaluate Over-
shoot across a diverse range of scenarios, including various
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Table 1: Evaluation tasks. Configuration of 2¢2d, 3c3d and VAE models are the same as in (Schneider et al., 2019). GPT-2
was fine-tuned with binary classification head, using LoRA (Hu et al., 2022).

ID Dataset Model Loss Epochs Parameters
CA Housing Prices MLP with
MLP-CA Barry, 1997) 2 hidden layers: 200, 150 Mean squared error 200 -
VAE-FM Fashion MNIST Variational autoencoder Mean squared error 100
; (Xiao et al., 2017)  (Kingma & Welling, 2013) KL divergence .
MNIST L Mean squared error
VAE-M (Deng, 2012) Variational autoencoder KL divergence 50 -
. 2 convolutional layers: 32, 64
2c2d-FM Fashion MNIST 1 hidden layers: 256 Cross-entropy 50 -
CIFAR-10 3 convolutional layers: 64, 96, 128 B :128
3¢3d-C10 kiizhevsky, 2009) 2 hidden layers: 512, 256 Cross-entropy 100 I 0.01 (SGD only)
CIFAR-100 ResNet-18 B : 256, 1u:0.99
Res-C100 (Krizhevsky, 2009)  (He et al., 2015) Cross-entropy 250 A:be—4
o ? Ir :0.01 (SGD only)
GpT.GLUE CLUEddp GPT-2 Cross-entropy 10 X:Be—4,lr:3e—4

(Wang et al., 2019)  (Radford et al., 2019)

model architectures (MLP, CNN, transformers), loss func-
tions (Cross-entropy, Mean squared error, KL divergence),
and datasets. The selection of evaluation tasks was inspired
by (Schmidt et al., 2021). The detailed description of the
evaluation tasks is given in Table 1. Data augmentation is
only used with CIFAR-100 dataset.

5.3. Results
5.3.1. TRAINING LOSS CONVERGENCE

Utilizing the tasks delineated in Table 1 and the method-
ology outlined in Section 5 we conducted empirical eval-
uations to compare the convergence speeds of Overshoot
with those of accelerated SGD and Adam, as depicted in
Figure 3. Our results indicate that Overshoot (y € {3,5,7})
is robust and beneficial in speeding up the convergence of
the training loss. An exception was noted in the GPT-GLUE
task, where severe over-training occurred within the initial
four epochs.

To quantitatively assess the impact of Overshoot, we em-
ployed the Steps-to-95% Loss Reduction metric. Specifi-
cally, we calculate the percentage of steps saved to achieve
95% of the loss reduction realized by the baseline method
compared to the steps used by the baseline (see Table 2).

Table 2: Percentage of training steps saved by Overshoot
for various configurations.

| v=3 |v=5 |y=T7
SGD | 23.77% | 26.19% | 26.53%
Adam | 15.27% | 19.53% | 20.11%

These results are averaged across all tasks (Table 1) and
ten random seeds. To address the variability in mini-batch
losses, we smoothed the training losses using a mean win-

dow of size 400. Reported SGDO and AdamO losses are
obtained using the base model variant (8, — *yét), which we
normally don’t compute, as it’s computationally costly and
unnecessary for the optimization process.

5.3.2. GENERALIZATION (MODEL PERFORMANCE)

The evaluation of performance on the test set is presented
in Table 3. For most tasks, Overshoot achieves statistically
significant improvements in final performance compared to
both SGD and Adam baselines and never underperformed
the baselines (with statistical significance). Thus, Overshoot
not only proves to be advantageous but also demonstrates
robustness across various tasks. However, selecting the
optimal Overshoot factor  poses a challenge, as its efficacy
varies depending on the task and the optimizer. Notably,
AdamO benefits more from higher values of +, whereas
SGDO exhibits small sensitivity to changes in this parameter.
The convergence of test loss is illustrated in Figure 3.

5.3.3. AVERAGE WEIGHTED DISTANCE

In Section 4.2 we introduced measure to estimate relevance
of past gradients used by momentum. In Figure 4 we em-
ployed AdamO for various tasks and hyper-parameters set-
tings, to measure relation between -y, Awd and loss conver-
gence. We estimate the Awd by considering past 50 models
at every 50th training step, which accounts for 99.4% and
92.3% of the weighted portion of Awd for §; = 0.9/0.95
respectively. The GPT-GLUE task is excluded due to its
high computational and memory demands.

Empirical results confirm our hypothesis, that for default
momentum coefficient arg min., Awd(v) > 0, in particular

2.5, i3 =09
arg min Awd(y) = ’ 1 A B
vy 5, if 61 =0.95
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Figure 3: The average training and test losses, computed over 10 runs with different random seeds. Training losses are
smoothed using a one-dimensional Gaussian filter. Obtained using the base model weights: 8, — v6;. We employ a shifted
logarithmic y-axis scale to visually separate small absolute differences.

However, arg min,, Awd(7) does not necessarily yield the
optimal overshoot factor for reducing training loss. We
hypothesize that this discrepancy arises from the spatial
distribution of overshoot weights around the base weights,
which Awd does not account for as a measure of distance.
Further investigation into the optimal overshoot factor is
warranted.

6. Conclusion

In this paper, we introduced Overshoot, a novel approach
to momentum in stochastic gradient descent (SGD)-based
optimization algorithms. We detailed both a general vari-
ant of Overshoot and its efficient implementations for SGD
and Adam, characterized by zero memory and small com-

putational overheads. For SGD we showed that classical
momentum, Nesterov’s momentum and no momentum, are
all special cases of the Overshoot algorithm. We evaluated
Overshoot for various overshoot factors against the accel-
erated SGD and Adam baselines on several deep learning
tasks. The empirical results suggest that Overshoot im-
proves both the convergence of training loss and the model
final performance.

7. Limitations

Methodology limitations: In this work, we only show
empirical evidence of Overshoot’s superiority over classi-
cal momentum and Nesterov’s accelerated gradient, which
could be better supported by a theoretical proof. Addition-
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Figure 4: Relation between Awd (16) and training loss (AUC) is analyzed using AdamO for v € {0,1..15} and 3, €
{0.9,0.95}. The training loss is visualized using a colorbar that is specific to each subgraph (lower is better). Note that
AdamO with v = 0 corresponds to the vanilla Adam optimizer. The Awd is estimated by considering the distance to the
past 50 model weights, sampled at every 50th training step. Training loss is computed based on the base model weights:
0, — ’yét. For 81 = 0.9 : argmin, Awd(7) ~ 2.5, and for 8, = 0.95 : arg min., Awd(y) ~ 5 across the tasks.

Table 3: Best achieved performance on test dataset. Evaluated after each epoch. Reporting mean values and 95% confidence
interval (as subscript) from 10 runs with different random seeds. =3 represents SGDO/AdamO described in Sections 2.1,
2.2 with overshot factor three. For AdamO we set the overshoot delay (7) to 50. *Statistically significant improvement over
the better baseline (p-value< 0.05).

SGD variants Adam variants
CM NAG y=3 ¥=5 =7 Adam Nadam  y=3 ¥=5 y="
MLP-CA 26.63.22 26.59.22 26.50.17 26.48%5 26.45.15| 25.6133 25.5721 25.32%; 25.3930 25.20%¢
VAE-FM 23.39.10 23.28.06 23.29.07 23.26.07 23.3107 | 22.9904 22.8802 22.817, 22.81%3; 22.80%3
VAE-M 27.28 07 27.2103 27.08%, 27.01%,; 26.98%,4| 27.24.07 27.1005 27.060s 27.017%s 27.027%

2¢2d-FM 92.02.06 92.05.08 92.14%¢ 92.20%¢ 92.18%, | 92.20.13 92.2315 92.36.0s 92.377% 92.43%,
3¢3d-C10 86.14.20 86.46.15 86.53.19 86.40.15 86.3115 | 85.2520 85.4316 85.76%5 85.80%3 85.65%
Res-C100 52.9210 53.95.12 55.22%, 55.64%, 56.07%e| 52.17.23 52.0810 53.01%; 53.57%, 53.70%,
GPT-GLUE | 83.27.1; 83.1810 83.36.0s 83.39%g 83.36.06 | 87.820s 87.78.11 87.8110 87.8405 87.90.05

Accuracy 1T | Loss |

ally, our empirical evaluations were conducted on a diverse, scheme, better suited for Overshoot, could potentially
but limited subset of deep learning tasks. Finally, our eval- enhance performance beyond the results presented.
uations of overshoot were conducted on default settings of
optimizers without incorporating learning rate schedulers
or hyperparameter fine-tuning. All of these point to the
importance of future works evaluating overshoot in a wide
arrange of problems and optimizer settings.

2. Adaptive Overshoot factor. As demonstrated in Sec-
tion 5.3.3 the optimal overshoot factor y varies across
different tasks and hyper-parameter settings (e.g., 51
in adam). Dynamically adjusting the overshoot factor
during the training process could maximize the bene-

Method limitations: We identify two primary limitations fits of Overshoot. One possible method could involve
in the presented implementation of Overshoot: monitoring (or estimating) the model update stability
dynamics (expressed by (2)) and adjusting  accord-

1. The weight decay scheme for past gradients. SGD:
p*=9 and Adam: 3] 7 (1 — $31) where i is the current
training step and j is the step in which the gradient was
computed, prioritize the most recent gradient, which
may not accurately reflect the relevance of past gra-
dients in the Overshoot context. A revised weighting

ingly.



Overshoot: Taking advantage of future gradients for stochastic optimization

Impact Statement

This paper presents work whose goal is to advance the field
of Machine Learning. There are many potential societal
consequences of our work, none which we feel must be
specifically highlighted here.

References

Barry. Sparse spatial autoregressions. Statistics and Proba-
bility Letters, 33(3):291-297, 1997. ISSN 0167-7152.
doi: https://doi.org/10.1016/S0167-7152(96)00140-X.
URL https://www.sciencedirect.com/
science/article/pii/S016771529600140X.

Deng, L. The mnist database of handwritten digit images
for machine learning research. IEEE Signal Processing
Magazine, 29(6):141-142, 2012.

Dozat, T. Incorporating nesterov momentum into adam.
2016.

Duchi, J., Hazan, E., and Singer, Y. Adaptive subgradient
methods for online learning and stochastic optimization.
Journal of Machine Learning Research, 12(61):2121—
2159, 2011a. URL http://jmlr.org/papers/
v12/duchilla.html.

Duchi, J., Hazan, E., and Singer, Y. Adaptive subgradient
methods for online learning and stochastic optimization.
Journal of machine learning research, 12(7), 2011b.

He, K., Zhang, X., Ren, S., and Sun, J. Deep resid-
val learning for image recognition. 2016 IEEE
Conference on Computer Vision and Pattern Recog-
nition (CVPR), pp. 770-778, 2015. URL https:
//api.semanticscholar.org/CorpusID:
206594692.

Heo, B., Chun, S., Oh, S. J., Han, D., Yun, S., Kim, G., Uh,
Y., and Ha, J.-W. Adamp: Slowing down the slowdown
for momentum optimizers on scale-invariant weights. In
International Conference on Learning Representations
(ICLR), 2021.

Hu, E. J., Shen, Y., Wallis, P., Allen-Zhu, Z., Li, Y., Wang,
S., Wang, L., and Chen, W. LoRA: Low-rank adaptation
of large language models. In International Conference
on Learning Representations, 2022. URL https://
openreview.net/forum?id=nZeVKeeFYf9.

Kingma, D. P. and Ba, J. Adam: A method for stochastic
optimization. In International Conference on Learning
Representations (ICLR), 2015.

Kingma, D. P. and Welling, M. Auto-encoding variational
bayes. CoRR, abs/1312.6114, 2013. URL https:
//api.semanticscholar.org/CorpusID:
216078090.

Krizhevsky, A. Learning multiple layers of features from
tiny images. Technical report, 2009.

Liu, L., Jiang, H., He, P., Chen, W., Liu, X., Gao, J., and
Han, J. On the variance of the adaptive learning rate
and beyond. In Proceedings of the Eighth International
Conference on Learning Representations (ICLR 2020),
April 2020.

Loshchilov, I. Decoupled weight decay regularization. arXiv
preprint arXiv:1711.05101, 2017.

Nesterov, Y. A method for solving the convex program-
ming problem with convergence rate o(1/k?). Proceed-
ings of the USSR Academy of Sciences, 269:543-547,
1983. URL https://api.semanticscholar.
org/CorpusID:145918791.

Polyak, B. Some methods of speeding up the con-
vergence of iteration methods. USSR Computa-
tional Mathematics and Mathematical Physics,
4(5):1-17, 1964. ISSN  0041-5553. doi:
https://doi.org/10.1016/0041-5553(64)90137-5.

URL https://www.sciencedirect.com/
science/article/pii/0041555364901375.

Radford, A., Wu, J., Child, R., Luan, D., Amodei, D., and
Sutskever, I. Language models are unsupervised multitask
learners. 2019.

Schmidt, R. M., Schneider, F., and Hennig, P. Descend-
ing through a crowded valley - benchmarking deep
learning optimizers. 139:9367-9376, 18-24 Jul 2021.
URL http://proceedings.mlr.press/v139/
schmidt2la.html.

Schneider, F., Balles, L., and Hennig, P. Deep-
obs: A deep learning optimizer benchmark suite.
ArXiv, abs/1903.05499, 2019. URL https://api.
semanticscholar.org/CorpusID:53332150.

Sutskever, 1., Martens, J., Dahl, G., and Hinton, G. On the
importance of initialization and momentum in deep learn-
ing. In Dasgupta, S. and McAllester, D. (eds.), Proceed-
ings of the 30th International Conference on Machine
Learning, volume 28 of Proceedings of Machine Learn-
ing Research, pp. 1139-1147, Atlanta, Georgia, USA, 17—
19 Jun 2013. PMLR. URL https://proceedings.
mlr.press/v28/sutskeverl3.html.

Tieleman, T. and Hinton., G. Rmsprop: Divide the gradient
by a running average of its recent magnitude. Coursera,
2012.

Wang, A., Singh, A., Michael, J., Hill, F, Levy, O., and
Bowman, S. R. GLUE: A multi-task benchmark and anal-
ysis platform for natural language understanding. 2019.
In the Proceedings of ICLR.


https://www.sciencedirect.com/science/article/pii/S016771529600140X
https://www.sciencedirect.com/science/article/pii/S016771529600140X
http://jmlr.org/papers/v12/duchi11a.html
http://jmlr.org/papers/v12/duchi11a.html
https://api.semanticscholar.org/CorpusID:206594692
https://api.semanticscholar.org/CorpusID:206594692
https://api.semanticscholar.org/CorpusID:206594692
https://openreview.net/forum?id=nZeVKeeFYf9
https://openreview.net/forum?id=nZeVKeeFYf9
https://api.semanticscholar.org/CorpusID:216078090
https://api.semanticscholar.org/CorpusID:216078090
https://api.semanticscholar.org/CorpusID:216078090
https://api.semanticscholar.org/CorpusID:145918791
https://api.semanticscholar.org/CorpusID:145918791
https://www.sciencedirect.com/science/article/pii/0041555364901375
https://www.sciencedirect.com/science/article/pii/0041555364901375
http://proceedings.mlr.press/v139/schmidt21a.html
http://proceedings.mlr.press/v139/schmidt21a.html
https://api.semanticscholar.org/CorpusID:53332150
https://api.semanticscholar.org/CorpusID:53332150
https://proceedings.mlr.press/v28/sutskever13.html
https://proceedings.mlr.press/v28/sutskever13.html

Overshoot: Taking advantage of future gradients for stochastic optimization

Xiao, H., Rasul, K., and WVollgraf, R. Fashion-
mnist: a novel image dataset for benchmarking ma-
chine learning algorithms. ArXiv, abs/1708.07747,
2017. URL https://api.semanticscholar.
org/CorpusID:702279.

Xie, X., Zhou, P, Li, H,, Lin, Z., and Yan, S. Adan: Adap-
tive nesterov momentum algorithm for faster optimizing
deep models. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2024.

Yan, Y., Yang, T., Li, Z., Lin, Q., and Yang, Y. A unified
analysis of stochastic momentum methods for deep learn-
ing. In Proceedings of the 27th International Joint Confer-
ence on Artificial Intelligence, IJICAT’ 18, pp. 2955-2961.
AAALI Press, 2018. ISBN 9780999241127.

Zhang, M. R., Lucas, J., Hinton, G. E., and Ba,
J.  Lookahead optimizer: k steps forward, 1 step
back. ArXiv, abs/1907.08610, 2019. URL https:
//api.semanticscholar.org/CorpusID:
197935378.

Zhuang, J., Tang, T., Ding, Y., Tatikonda, S., Dvornek, N.,
Papademetris, X., and Duncan, J. Adabelief optimizer:
Adapting stepsizes by the belief in observed gradients.
Conference on Neural Information Processing Systems,
2020.

10


https://api.semanticscholar.org/CorpusID:702279
https://api.semanticscholar.org/CorpusID:702279
https://api.semanticscholar.org/CorpusID:197935378
https://api.semanticscholar.org/CorpusID:197935378
https://api.semanticscholar.org/CorpusID:197935378

