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Abstract

Efficient and stable neural network training is crucial for advancing machine learning ap-
plications. This study explores the promising streaming approach as an alternative to
traditional epoch-based methods. This paradigm shift involves transforming training data
into a continuous stream, prioritizing challenging examples to enhance the learning process.
Building upon this approach, we introduce an innovative Base-Values mechanism aimed at
further improving the speed and stability of the streaming training process. We apply this
framework to the original streaming training algorithms, resulting in algorithms such as
Persistent Loss-Based (PLB) and Persistent Entropy-Based algorithm (PEB). We conduct
a comprehensive experimental comparison on the EMNIST dataset, analyzing traditional
epoch-based methods and the streaming approach, including both original and new meth-
ods employing the Base-Values mechanism. The exploration of various hyperparameters,
including pre-training length, mini-batch size, and learning rate, provides valuable insights
into their impact on the performance and stability of those neural network training meth-
ods. The results demonstrate the superior performance of a novel streaming algorithm
that incorporates the Base-Values mechanism compared to both a traditional epoch-based
method and other methods.

Keywords: Data stream, High dimensional data

1. Introduction

A shortening and stabilization of the learning process for artificial neural networks are tasks
of major importance. Given the continued expansion of training sets and the development
of increasingly complex models, no further justification is required. Researchers strive to
achieve these objectives through various approaches.

Currently, the most popular approach focuses on convergence optimization of the Stochas-
tic Gradient Descent (SGD) algorithm. The most widely adopted method for this purpose
is Adaptive Moment Estimation (ADAM) (Kingma and Ba, 2015; Nanni et al., 2021).
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Although it has gained substantial popularity, ongoing efforts persist to enhance its per-
formance and explore alternative methodologies (Gidel et al., 2019; Karabayir et al., 2021;
Yun, 2023). In the literature, various techniques exist that aim to enhance the training
process, such as active learning (Liu et al., 2022; Ren et al., 2021; Khosla et al., 2023) and
continual learning (Parisi et al., 2019; Wang et al., 2024; Wu et al., 2023).

The aforementioned approaches have been investigated for several years and exhibit
certain limitations. However, in recent years, the streaming approach has been proposed
and has emerged as a promising methodology capable of concurrently achieving both the
shortening and stabilization of the learning process, see (Duda et al., 2020) and (Duda
et al., 2024). This approach is considered one of the most promising approaches that have
to be addressed in future research (Borisov et al., 2022). It diverges from the conventional
epoch-based data processing by creating a continuous stream of training data fed to the
neural network. The method of drawing data elements into the stream aims to sample
more challenging examples at higher frequencies, thereby intensifying the impact of each
processed batch of data on the learning process.

In this paper, we introduce a mechanism for transforming non-stream data into an ar-
tificially designed data stream based on the assessment of how much they are challenging
during the learning process. Furthermore, we analyze various data-drawing methods, with
particular emphasis placed on the Persistent Entropy-Based (PEB) algorithm, which utilizes
the entropy function as a measure of uncertainty. Our experimental study systematically
compares traditional epoch-based methods with the most effective streaming approach al-
gorithms. The results provide evidence of the performance enhancements brought about by
the proposed methods.

The main novelties and characteristics of our approach can be summarized as follows:

1. We propose epoch-free learning: instead of processing the entire training set multiple
times, the proposed method generates data streams from the original dataset. This
departure signifies a fundamental shift in optimizing deep neural network learning,
eliminating the need for repetitive passes over entire training sets. In our approach
the original data are transformed into a streaming sequence, which is then fed into
the neural network.

2. We propose the so-called Base-Values Mechanism - an innovative mechanism intro-
duced to improve the speed and stability of the streaming training process. The
concept behind PLB and PEB is to prioritize challenging data elements throughout
the learning process, e.g., those associated with higher loss function values. In other
words, the suggested methods increase the likelihood of selecting such elements for
inclusion in subsequent batches.

3. The proposed algorithms outperform traditional epoch-based methods, even when
using significantly fewer batches of data. More specifically, the PLB and PEB demon-
strate improved speed, stability, and generalization capabilities compared to tradi-
tional epoch-based methods.

4. The introduced approach is not confined to specific deep structures but is adaptable to
a broad class of deep neural network architectures, as well as other machine learning
structures.
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5. Our approach has been tested through extensive simulations on a well-known bench-
mark dataset, i.e. the EMNIST. The results confirm its high effectiveness. Impor-
tantly, our approach demonstrates superior accuracy over previous methods even when
processing a substantially smaller number of batches. Specifically, the PEB method
achieves, on average, approximately 2.5% higher final accuracy on the training dataset,
and about 2% higher on the validation dataset, as compared to the MB (Mini-Batch)
baseline.

The rest of the paper is organized as follows. In Section 2, the current advancements in
various training techniques are presented. Following that, Section 3 introduces the innova-
tive Base-Values Mechanism along with the new PLB and PEB algorithms. Subsequently,
Section 4 outlines the research methodology, details the experimental procedure and pro-
vides a comprehensive analysis of the results. Finally, in Section 5, we draw conclusions,
discuss key findings, and explore potential future developments in this domain.

2. Related works

The training process of a neural network involves two key steps: forward propagation and
backward propagation. In forward propagation, the network processes input data through
sequential layers, producing the output from its final layer. This output is compared to
the target value using the loss function. Then, during the backward propagation, the algo-
rithm calculates gradients for each weight in the network using the chain rule of calculus.
Subsequently, these gradients are used to update the weights based on an optimization algo-
rithm, such as SGD or one of its numerous variants, such as AdaGrad (Duchi et al., 2011),
AdaDelta (Zeiler, 2012), or Adam (Kingma and Ba, 2015). A comprehensive comparison
of different variants of the ADAM optimizer is presented in the paper (Nanni et al., 2021),
where the authors evaluate optimizer effectiveness using medical images.

In all of the aforementioned procedures, the step size is mainly determined by the
gradient value. Specifically, if the error is close to zero, the learning step becomes negligible.
Therefore, the selection of data for gradient computation during network training is highly
significant.

This problem was independently noticed by a group of researchers, leading to various
approaches for selecting the most important elements. An approach assuming the calcu-
lation of the gradient based only on selected elements is proposed in (Jiang et al., 2019).
This method requires performing a forward propagation phase on each element and then
deciding whether to include this element in the gradient estimation. The decision to include
or reject an element is not deterministic but random.

In (Thao Nguyen et al., 2024), the authors proposed a method for hiding the least-
important samples during training. This paper suggests the use of specific scheduling to
gradually reduce the maximum sample hiding fraction as the number of epochs increases.
A specific importance sampling strategy is considered in (Zeng et al., 2021). The method,
called Mercury, is designed for embedding systems. It consists of three stages: a group-
wise importance computation and sampling scheme, an importance-aware data resharding
scheme, and a bandwidth-adaptive computation-communication schedule.

In order to move away from sequential data processing, (Duda et al., 2020) proposed
identifying the training set with the data distribution from which elements will be drawn for
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network training. Based on this distribution, a data stream is created to feed the learning
process with data, considering their suitability for training. The authors propose three
variants for determining the usefulness of an element. Additionally, they note that the
usefulness of elements may change over time, and therefore the distribution of data from
which the elements are selected also changes. To detect such changes, they proposed using
a drift detector that tracks the quality of the network’s operation on elements not seen
during training. This work was further developed in (Duda et al., 2024).

3. Novel Streaming Approach with Base-Values Mechanism

In this section a method of training neural networks using the Base-Value Mechanism is
presented. The method, similar to the method presented in (Duda et al., 2020) and (Duda
et al., 2024), creates a stream of data. However, it completely changes the way elements are
selected. The Base-Values introduce a more reliable measure of the importance of individual
training elements. As a result, the obtained data distribution better reflects the current
usefulness of elements and may allow abandoning the need to track changes in network
operation, which was the crucial step the method proposed in (Duda et al., 2020).

For every element in a training dataset D = {(x;,d;) : i = 1,..., N}, a positive real
value b; € Ry, referred to as a Base-Value is attached. This constructs a set of triplets 7Tp:

Tp = {(xs,d;,b;) i =1,2,...,N}. (1)

The Base-Value serves as a measure of the network’s uncertainty or difficulty for a par-
ticular training element, indicating its importance in the learning process. More specifically,
the higher the Base-Value, the more challenging the element is, and thus the more significant
it is for the learning process. Importantly, the Base-Values establish a partial order for the
training dataset D, providing a reliable mechanism for determining the relative importance
of its element at any time.

However, the resulting set 7p does not share the properties of the statistical population,
i.e., the Base-Values do not form a probability mass function for the elements in the training
dataset, as it is not constrained that they sum up to 1. Therefore, sampling from Tp
is redefined as sampling from a probability mass function that is directly proportional
to the Base-Values. More precisely, the corresponding probability mass function values

{pi:i=1,2,...,N} are calculated as normalized Base-Values:
b;
bi= =5 (2)
Zj:l bj

Now, based on the population, a stream Sp of length ¢ is defined as a sequence:

Sp = (51,82,...,8t : 85 = (wi;,d;i;); Plij =k) = pg;

3
kyije{1,2,...,N}; j=1,2,...,1). ®)

To clarify, each s; is a training example from D, sampled independently from the pop-
ulation created based on 7p and formula (2).
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Unlike traditional methods, the streaming learning process is not divided into epochs,
but is composed of a series of successive steps, also called iterations. Each iteration involves
constructing a new mini-batch B, comprising n elements recently taken from the stream:

BT = (St—n-i-].) St—n425 -+ St)) (4)

where 7 = 1,2,...,T denotes the current step, and t = 7-n is the total number of drawn
elements. Following this, the training proceeds in a conventional way. The mini-batch is
processed by the network in a forward pass, which is followed by the computation of loss
values. Subsequently, the backpropagation phase is initiated to compute the gradient of
the objective function with respect to the weights. Depending on the chosen optimization
algorithm, the update of the weights is then executed. At the end of the iteration, the Base-
Values for the training elements of the considered mini-batch are updated, which influences
the elements sampled into the following mini-batch.

To clarify, a step Sample a new mini-batch B; from Tp used later in the pseudo-code sig-
nifies, firstly, calculating the probability mass function values p; by normalizing Base-Values
b; using the formula (2), and subsequently independently sampling n elements according to
this distribution to construct a new mini-batch B..

The Base-Values can be seamlessly integrated with many proposed in literature measures
of the usefulness of data elements. Here, we propose two methods. The newly introduced
ones are labeled as Persistent Loss-Based (PLB), and Persistent Entropy-Based (PEB). The
pseudo-code for these methods is provided in Algorithm 1. The difference between these
algorithms lies in the process of updating Base-Values in lines 3 and 9 (using formulas (5)
for PLB and (6) for PEB).

Algorithm 1: The PLB/PEB streaming training algorithm
Input : D: Training dataset of size N,
n: Size of the mini-batch,
T': Total number of iterations,
L: The loss function
Construct a set of triplets 7p from D // Initializing Base-Values in 7Tp
foreach i =1,2,...,N do
| Initialize b; according to formula (5) or (6)
end
for r=1,2,...,7T do
Sample a new mini-batch B; from Tp according to the probability mass function de-
rived from formula (2) Train the network on the mini-batch B, // Updating
Base-Values
foreach instance s; in B, do
| Update b;; according to formula (5) or (6)
end

end



WoJTULEWICZ DUDA NOWICKI RUTKOWSKI

3.1. Persistent Loss-Based Approach (PLB)

The Persistent Loss-Based approach (PLB) can be applied to both classification and re-
gression tasks. It uses the loss function L employed in the training process to measure the
importance of an example. Consequently, Base-Values are calculated as:

bi = L(l‘i,di), (5)

In the PLB approach, the Base-Values are initialized as the loss value calculated for
each training example. During training, the Base-Values for each element in the mini-batch
are updated at each iteration, reflecting the newly calculated loss values after the training
step.

It is worth considering how accurately the Base-Values reflect the actual distribution of
loss values. The quality of this estimation can be influenced by several factors, including
the size of the mini-batch, the rate of convergence, and the nature of the task. Possibly,
due to most of the loss values being outdated, the estimation may be skewed. Specifically,
the Base-Values might underestimate the real loss values, as they were calculated many
iterations ago. Consequently, if the difference is significant, the likelihood of sampling
such an element increases, leading to its update. This process results in sparse updates of
Base-Values, which enhances the accuracy of the real estimation.

3.2. Persistent Entropy-Based Approach (PEB)

The Persistent Entropy-Based (PEB) approach is suitable only for classification problems.
This is because it uses the entropy of the softmax values from the network’s final classifica-
tion layer as a measure of uncertainty.

In the context of the PEB approach, the uncertainty of a training example is measured
by the entropy calculated from the softmax applied to the activations of the network’s final
classification layer for that example. In simpler terms, if y; represents the K-dimensional
output vector from a neural network classifier f(-;6) : R™ — R for the m-dimensional
input vector x;, the Base-Value for this element is computed as:

bi = H(o(yi)), (6)

ZPYs__ for j =1,2,...,K, denotes the softmax function, and H(-) is

k1 €XD Yik
the discrete VersiXo:fl_(l)f tlfe well-known Shannon’s entropy (Shannon, 1948).

To clarify, the examples that the network is uncertain about (i.e., those for which the
softmax probabilities are spread out over many classes) will have higher entropy and, thus,
higher Base-Values. On the other hand, examples that the network is certain about (i.e.,
those for which the softmax probabilities are concentrated into one class) will have smaller
entropy and thus lower Base-Values.

The choice of entropy over the cross-entropy loss as a measure of uncertainty is based
on the fact that it results in more diversity in the Base-Values. This is because the cross-
entropy loss value is computed based only on one activation (for a true class), while the
entropy is calculated using all the activations, thus providing more meaning. We can expect

where o(y;); =
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the network to lower cross-entropy values, as this is the usual loss function employed in
classification tasks, therefore it only tries to increase the true class activation. As a result,
the other activations may be spread arbitrarily, which provides diversity in the entropy
values.

4. Experimental Results

The primary objective of the main experimental study was to compare the performance of
the traditional mini-batch approach with the streaming approach in a well-known image
classification benchmark problem under a range of conditions. These conditions were defined
by different sets of hyperparameters, allowing us to explore the impact each individual
hyperparameter has on the learning process and to evaluate the robustness of the methods
to those hyperparameters.

For a defined set of hyperparameter values, the experiment was designed in two stages: a
pre-training phase and a fine-tuning phase. The pre-training phase followed the traditional
mini-batch approach, serving as a foundation and starting point for the subsequent training.
The idea behind the pre-training phase was to prevent potentially chaotic behavior during
the initial training steps, allowing for accurate initialization of both Base-Values.

The fine-tuning phase evaluates the performance and effectiveness of three different data
processing methods. These methods included the traditional mini-batch approach (MB),
serving as a baseline for the comparison, the Loss-Based (LB) approach, recognized as the
optimal method for data sampling in (Duda et al., 2020), and the Persistent Entropy-Based
(PEB) approach, identified as the most effective novel technique leveraging the mechanism
of Base-Values.

The metrics used for the evaluation were the value of the loss function and accuracy
throughout the entire learning process, calculated on both the training dataset and the
test dataset. Each instance of the second phase was executed 12 times. This repetition was
designed to collect sufficient data for a robust analysis, providing a more reliable comparison
between the methods. Furthermore, reproducibility was strictly maintained throughout the
experiment to ensure consistency in the results.

4.1. Experimental Procedure

For each of the varying hyperparameters, a complete experiment was conducted for each of
its potential values, while other hyperparameters were set to their default values, allowing
us to comprehensively analyze their individual effects. Those hyperparameters were the
number of pre-training epochs, the mini-batch size, and the learning rate. The number of
pre-training epochs determines the length of the pre-training phase, which influences the
stability of the calculated probability values but potentially postpones the improvements
introduced by the streaming approach. The possible values for this hyperparameter were 0,
1, 2 and 5, with a default value of 2. The mini-batch size defines the number of examples
sampled in each iteration, which impacts the sparsity of the probability updates. Its possible
values were 4, 32 and 1024, with 32 as the default. The learning rate, which controls the
update step at each iteration and affects the learning variance, had possible values of 0.1,
0.05 and 0.01, with 0.05 as the default.
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The dataset used for the experiments is the EMNIST dataset, a commonly used bench-
mark in image classification (Cohen et al., 2017). The dataset serves as a more challenging
alternative to the original MNIST dataset. The EMNIST dataset consists of 124800 training
examples and 20800 test examples. Each example is a 28 x 28 grayscale image representing
a handwritten letter from one of 26 classes in the EMNIST dataset. The dataset is bal-
anced, which means that the examples are evenly distributed among existing classes. The
EMNIST dataset was selected for this study due to being a well-established benchmark in
the field, offering a higher level of complexity compared to the standard MNIST dataset.

The Convolutional Neural Network (CNN) used in the experiments is a straightforward
five-layer model, mirroring the one used in the previous streaming approach studies in (Duda
et al., 2020). It begins with two convolutional layers, with 32 and 64 filters of size 3 x 3,
respectively. This is followed by a max pooling layer with a 2 x 2 filter that reduces the
spatial dimensions of the output from the convolutional layers. To prevent overfitting, a
dropout mechanism with a probability of 0.25 is then applied. The output is subsequently
flattened to a single dimension and fed into a fully connected layer containing 128 neurons.
Another dropout mechanism, this time with a rate of 0.5, is applied before the final fully
connected layer, which consists of 26 neurons, each representing a class label. Except for
the final classification layer, all layers employ a ReLU activation function. The network is
composed of approximately 1.2 million trainable parameters.

The experiments used the Adadelta optimization algorithm, with the learning rate being
one of the varying hyperparameters, and the v set to 0.95.

The experiments were implemented in Python using the PyTorch library (Paszke et al.,
2019). The computations were performed on a machine equipped with an AMD Ryzen 5
4600H @ 3.0 GHz CPU, an NVIDIA GeForce GTX 1650 GPU and 32 GB of RAM. The
metrics were tracked using the Weights & Biases library (Biewald, 2020). The code used in
the experiments is available upon request.

4.2. Results and Analysis

In the subsequent sections, the impact of each of the varying hyperparameters will be
discussed. The trajectories of metrics throughout the learning process for different experi-
ments are plotted, and used in the analysis. Figures containing the plotted metrics share a
predefined template.

Plots in each figure are organized into a grid structure, with columns corresponding
to specific experiments, and rows to different metrics. These metrics include accuracy on
the training dataset (acc/train), accuracy on the validation dataset (acc/val), cross-entropy
loss on the training dataset (loss/train), and cross-entropy loss on the validation dataset
(loss/val).

Each line in the plot shows the mean value of the corresponding metric, averaged across
all repetitions of the experiment. The colored region surrounding each line illustrates the
range within two standard deviations of the mean. The x-axis of the plots represents the
number of iterations, expressed in terms of epochs, as calculated in the traditional mini-
batch method. This allows for a clear comparison between methods.
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4.2.1. COMPARISON OF THE PERSISTENT METHODS

In order to identify the most effective Persistent method using the Base-Values mechanism
for further analysis, a comprehensive experiment was conducted with default hyperparam-
eters. The pretraining phase spanned 2 epochs, both phases employed a batch size of 32
and a learning rate was set to 0.05. Each fine-tuning phase run was repeated 12 times. The
metric trajectories are illustrated in Fig. 1.

acc/val

0.93 4 —— pretrain
PLB
—— PEB

0.92 4

0.91 A

0.90 4

0.89 A

0.88 -

loss/val
0.45 4 —— pretrain
PLB
0.40 4 —— PEB
0.35 1
0.30 A
0.25
0 2 4 6 8 10

Figure 1: The comparison of metric trajectories for the methods utilizing the Base-Values
mechanism.

Notably, the PEB method consistently outperforms the PLB method in both accuracy
and loss metrics on the validation dataset. The PEB method maintains greater stability in
the loss metric trajectory and achieves significantly lower loss values immediately after the
pre-training phase and at the end of the training process. Although both methods show
similar accuracy at the beginning of the fine-tuning phase, the PEB method ultimately
reaches a higher final accuracy. This comparison establishes the PEB method as the most
effective among both Persistent methods, justifying its selection for subsequent experiments.

4.2.2. IMPACT OF THE PRE-TRAINING LENGTH

The number of pre-training epochs, which dictates the length of the pre-training phase, can
have several effects. The initial training steps of the network tend to be chaotic, as the
gradient of the objective function is significant for most of the randomly initialized weights.
Therefore, the traditional, more systematic approach that ensures each training example is
used repeatedly seems to be a rational choice.

Moreover, as the steepness of the objective function decreases and the weight updates
become less impactful, the calculated and then updated PoD values are expected to stabilize.
However, extending the pre-training phase could delay the potential enhancements brought
by the streaming approach.
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Figure 2: The side-by-side comparison of metric trajectories for experiments with 0, 1, 2 or
5 pre-training epochs on the EMNIST dataset.

Given these considerations, it can be hypothesized that there exists an optimal length
for the pre-training phase. After this point, the streaming approach is likely to provide
the most stable and consistent improvement. By conducting experiments with 1, 2 or 5
pre-training epochs, as well as without any pre-training phase, we can test and address
this hypothesis. The metric trajectories for those experiments on the EMNIST dataset are
presented in Fig. 2. Based on the observations from its plots, several key insights can be
drawn regarding the performance of data sampling methods across varying lengths of the

pre-training phase.

Firstly, it is very noticeable that the PEB approach outperforms all other methods in
terms of final accuracy and loss values. Specifically, it achieves, on average, approximately
2.5% higher final accuracy on the training dataset, and about 2% higher on the validation
dataset, as compared to the MB baseline. In terms of the loss function, the PEB approach
shows a decrease of 0.5 on the training dataset and 0.2 on the validation dataset compared

10
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to the baseline. Furthermore, the areas of the two standard deviations away from the mean
for the PEB approach and the baseline do not overlap on any plot, showing a consistent
improvement. This superior performance of the PEB approach suggests that the utilization
of the Base-Values is highly effective for this problem.

Secondly, the LB method displays performance close to the MB baseline in terms of
accuracy on both datasets. However, its loss functions are significantly worse, especially on
the validation dataset. This divergence between accuracy and loss performance is somewhat
unexpected, yet it indicates the effectiveness of the streaming approach. The higher loss
function values, yet at the same time improved accuracy, suggest that the LB method has
successfully traded off a higher overall loss function to increase the network’s ability to
correctly classify a greater number of examples.

Interestingly, for all the methods the final results are very similar across all experiments
using the same dataset. However, the earlier the pre-training phase is finished, the steeper
the trajectories are, particularly for the PEB approach. This leads to quicker enhancement
of the network’s performance, suggesting that the most effective strategy might be to omit
the pre-training phase entirely, at least for the studied problem. This is especially true
for the PEB approach, which shows immediate improvements at the beginning of the fine-
tuning phase in all metrics compared to the MB baseline approach. That is not the case
for the LB approach, which does not observe such significant improvements.

4.2.3. EFFECT OF THE MINI-BATCH SIZE

The mini-batch size is a key hyperparameter that determines the number of elements sam-
pled in each iteration. This sampling can be either deterministic, as in the traditional
methods, or random, as in the streaming approach. The size of the mini-batch affects the
accuracy and variance of the gradient estimation and, for the streaming approach, the spar-
sity of the Base-Values updates. Broader updates, which occur with larger mini-batches,
result in stored values that are closer to the true distribution. However, larger mini-batches
can slow convergence down and increase the likelihood of the learning process becoming
trapped in local minima. As such, the careful selection of the mini-batch size is crucial to
the learning process, especially for streaming approaches.

The analysis of Fig. 3, which presents the results of experiments with varying mini-batch
sizes, provides a deeper understanding of the impact of this hyperparameter, not only on
the learning process itself but also on the distinct sampling methods.

The first observation refers to the speed of optimization convergence. As anticipated,
the lower the mini-batch size, the faster the changes in the learning process. This is caused
by the higher frequency of the weights’ updates, which accelerates the convergence in the
initial iterations.

However, a closer look at the results of the experiment with a mini-batch of size 4
reveals a slight overfitting effect for the baseline MB method. This is indicated by a small
increase in the loss values and a decrease in the accuracy values for the validation dataset.
Interestingly, this is not observed in the results of the PEB streaming approach. In this
case, the validation metrics, after achieving the best values, plateau and maintain it steadily
without a decrease in performance. The LB approach also does not show any typical signs
of overfitting. However, loss values for this approach are considerably larger, from the very
beginning of the fine-tuning phase, as compared to the other methods.

11
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Mini-batch size: 4 Mini-batch size: 32 Mini-batch size: 1024
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Figure 3: The side-by-side comparison of metric trajectories for experiments with mini-
batch size of 4, 32 or 1024 on the EMNIST dataset.

The PEB method outperforms other methods for both mini-batch sizes of 4 and 32. How-
ever, when the mini-batch size increased to 1024, all methods showed similar performance,
as indicated by all metrics. In this setting, the LB method achieves the highest accuracy on
both datasets, while maintaining similar loss values. Both streaming approaches improve
slightly over the baseline. At the same time, the PEB method employing the mechanism
of Base-Values presents a stable improvement over all of the mini-batch sizes. This sug-
gests that the use of Base-Values contributes to a more accurate stored distribution of the
training elements’ challenge levels.

The best performance after 10 epochs is obtained by the PEB method with a mini-
batch size of 32. In this variant, the accuracy on the validation dataset improves over the
baseline by more than 2%. Additionally, this setting demonstrates the biggest stability of
the learning process, as indicated by the variance over the experiment repetitions. However,
the learning process for experiments with mini-batch of sizes 32 and 1024 is far from finished;

12
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therefore to assess which method achieves the best final performance, longer tests have to
be executed.

4.2.4. INFLUENCE OF THE LEARNING RATE
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Figure 4: The side-by-side comparison of metric trajectories for experiments with different
learning rate, denoted as «, on the EMNIST dataset.

The learning rate is a crucial hyperparameter that dictates the magnitude of weight
updates at each iteration of the learning process. It significantly influences the speed and
stability of the optimization convergence. In the streaming approach, the learning rate also
affects the variance of the Base-Values. Larger updates, which occur with a higher learning
rate, can result in less accurate stored distributions, as elements updated a while ago are
likely to have significantly different values at present. On the contrary, too small learning
rate can slow down the optimization process, potentially leading to a worse final model.

13



WoJTULEWICZ DUDA NOWICKI RUTKOWSKI

Figure 4 presents the results of experiments with different learning rate values. The
analysis of these trajectories brings valuable insights into the influence of the learning rate
value on each individual sampling method.

Firstly, as expected, the lower the learning rate, the slower the convergence. However, a
smaller learning rate also results in lower variance, which can lead to a more stable model.

For the highest learning rate (0.1), the PEB method outperforms the baseline, but not
as visibly as in the experiment with the middle valued learning rate (0.05). The visible
gap between metric values is covered by the wider variance areas, which is an effect of less
stable trajectories for both methods. In the same two experiments, the LB method shows
comparable results with the baseline in terms of metrics calculated on the training dataset,
but performs worse on the validation dataset, which is especially apparent analyzing the
loss values.

When the learning rate is smallest, i.e. set to 0.001, the variance for all the metrics across
all the sampling methods is the smallest compared to other experiments. In this setting,
both streaming methods show higher accuracy on both datasets, while maintaining very
comparable loss values, with the PEB method slightly outperforming the rest. However,
the learning process is again far from finished in this setting, suggesting running longer
experiments for the model to fully converge. The far better performance and less diverging
metric trajectories observed for the LB approach in the lowest learning rate setting could
be a result of smaller and less drastic updates of the distribution, which in turn leads to a
more stable learning process.

The best performance is achieved by the PEB approach in the experiments with the
highest learning rate. However, the values in this setting are much less stable compared to
other settings, indicating that while the higher learning rate can lead to the fastest, very
good performance, it can also lead to more instability in the learning process.

5. Conclusions

The results and analysis presented in this study provide a comprehensive understanding of
the impact of various hyperparameters on the performance of both traditional and streaming
training methods. The exploration of different pre-training lengths, mini-batch sizes, and
learning rates has revealed key insights into the behavior and effectiveness of these methods
under varying conditions.

The Persistent Entropy-Based (PEB) streaming approach consistently outperformed the
traditional mini-batch (MB) approach and the Loss-Based (LB) streaming approach across
most experiments. This superior performance suggests that the utilization of Base-Values in
the PEB method is highly effective for the chosen problem. The PEB method demonstrated
higher accuracy and lower loss values throughout the entire learning process, introducing
immediate improvements over the traditional MB baseline, no matter the length of the
pre-training.

In conclusion, this study demonstrates the potential of streaming training methods,
particularly the one employing the Base-Values mechanism, in improving the performance
and stability of the learning process. It also underscores the importance of carefully selecting
and tuning hyperparameters to achieve optimal results.
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It is worth noting that stored Base-Values are not accurate at all times, as the difficulty
of the corresponding elements may have changed since the last update. Future research
should delve into this discrepancy, examining its impact on the sampling process, and work
towards developing methods to possibly mitigate this effect. Furthermore, exploring alter-
native metrics for assessing the difficulty level of training elements and examining potential
alternative sampling methods could offer valuable insights for further advancements in this
domain. Additionally, it is important to assess how these methods perform across a wider
range of machine learning models and tasks, particularly on larger or more complex datasets,
such as those with noisy labels. We are currently working on extending the framework to
better handle problems involving noisy labels to evaluate its efficacy in such challenging
scenarios.
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