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Abstract: Artificially generated datasets often exhibit biases, leading conventional deep neural
networks to overfit. Typically, a weighted function adjusts sample impact during model updates
using weighted loss. Meta-neural networks, trained with meta-learning principles, generalize well
across tasks, acquiring generalized weights. This enables the self-generation of tailored weighted
functions for data biases. However, datasets may simultaneously exhibit imbalanced classes and
corrupted labels, posing a challenge for current meta-models. To address this, this paper presents
Meta-Loss Reweighting Network (MLRNet) with fusion attention features. MLRNet continually
evolves sample loss values, integrating them with sample features from self-attention layers in a
semantic space. This enhances discriminative power for biased samples. By employing minimal
unbiased meta-data for guidance, mutual optimization between the classifier and the meta-model is
conducted, endowing biased samples with more reasonable weights. Experiments on English and
Chinese benchmark datasets including artificial and real-world biased data show MLRNet's superior
performance under biased data conditions.
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1. Introduction

With the increase in model parameters, the fitting capacity of neural networks becomes
stronger. However, when the joint distribution of the training set samples and labels differs
from that of the evaluation/testing set, the training set is considered biased [1]. In the
case of biased data, deep neural networks tend to overfit [2], leading to a decline in model
performance. Thus, effectively utilizing biased data can reduce the high cost of data
re-collection or annotation.

Class imbalance [3] refers to a situation where the number of samples in one or more
classes is significantly different from the number of samples in other classes. This situation
is prevalent in many real-world problems, such as spam email classification and telephone
fraud detection. Class imbalance can affect the performance of classifiers, causing them
to predict the majority class, which would achieve decent accuracy without truly learning
the essence of the problem. However, such training does not serve the purpose of building
a reliable classifier, as the model’s generalization ability is compromised, leading to poor
performance in real-world applications.

Corrupted labels [4] refer to instances where the labels in the training data do not
match the true labels. This issue often arises during data collection or annotation [5]
and may result from automated annotation, non-expert labeling, or adversarial label
tampering [6]. The existence of corrupted labels in the dataset can negatively impact the
model’s performance [7], as it learns from erroneous information.

In the real world, both types of bias often coexist and influence each other. A dataset
may suffer from class imbalance, which, in turn, could lead to the presence of corrupted
labels. Additionally, due to the bias in sample distribution, the model may more easily
learn features that favor the majority class, neglecting features from other classes, further
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exacerbating the class imbalance and corrupted label issues. Therefore, research focusing on
effectively handling and utilizing class imbalanced data and corrupted labels is crucial [1,8].

Currently, many studies have attempted to address the issue of biased data, mainly
employing two methods: sample re-sampling and sample reweighting. Sample re-sampling
includes over-sampling [9], under-sampling, and data augmentation. Sample reweighting,
on the other hand, assigns weights to each sample based on a weighted function, adjusting
the impact of each sample on the model through weighted losses. In sample reweighting,
a weight function along with its associated hyperparameters during model training is
predefined in advance to assign different weights to samples based on their loss values,
reflecting the significance of each sample in the training set. By utilizing importance
weighting, the negative impact of biased samples on the model can be reduced.

However, the bias type in the data is unknown. Traditional weighting methods tend to
assign high weights to samples with small loss to reduce the misleading effect of label noise
samples on the model when label noise exists [10]. Conversely, another scenario might
emerge where high loss samples are assigned high weights, as these large loss samples
could belong to minority classes and need to be forcefully learned by the classifier as hard
boundary samples [11]. As a result, these weighting methods fail to accommodate both
scenarios effectively.

In addition, on the one hand, bias types in the data can be diverse, and the degree
of bias is difficult to predict. On the other hand, the utilization of bias data’s inherent
information in the reweighting method is not high enough to effectively enhance the
discrimination between samples. Meta-learning refers to enabling models to “learn to
learn” and quickly adapt to new tasks with minimal training data. In recent years, the use
of meta-learning has demonstrated high generalization in meta-neural networks across
different tasks [12], acquiring more generalized weights than manual hyperparameter
tuning [13]. To address the aforementioned challenges and drawing inspiration from the
work of [14], we adopt a two-stage training strategy. In the first stage, we employ a pre-
trained model to obtain multiple loss variation values for each epoch of all samples and fuse
these values with attention features, which are semantic features extracted by multi-head
self-attention layers, to enhance the discrimination among samples. We observe that the
variation pattern of the pre-collected average training loss values (as illustrated in Figure 1)
is similar to the findings of [14]. In the second stage, leveraging the high generalization
capability of meta-learning, MLRNet calculates weights based on the fused sample features
and analyzes the loss variation for each sample, assigning more reasonable weights and
obtaining the final weighted loss values through a bi-level optimization problem with the
classifier.

In summary, our contributions are as follows:

*  We propose a Meta-Loss Reweighting Network (MLRNet) based on the concept
of meta-learning with attention features, which performs well on complex biased
situations.

*  We embed the labels of samples, concatenate them with the features extracted by
self-attention layers, and fuse it with pre-collected sample multi-loss variation values.
This fused representation is referred to as the discriminative feature (or DF). Through
MLRNet analysis of discriminative features, we identify the bias type of each sample
and automatically assign appropriate weights to biased data.

¢ We conduct experiments on several English and Chinese benchmark datasets, includ-
ing artificially generated and real-world biased datasets. The results demonstrate that
our approach achieves better and more generalizable performance than prior works.

The structure of the paper is organized as follows: Section 2 discusses related work,
Section 3 presents our proposed method, Section 4 demonstrates the experimental results
and analysis, and Section 5 concludes the paper.
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Figure 1. The variation in average training loss for biased samples in the AG News. In the figure, it is
evident that different types of biased samples exhibit distinct trends in their loss value variations
(with an imbalance factor of 20 and noise label level of 0.4). Firstly, concerning the class imbalance
issue, head class samples consistently display lower loss values compared to tail class samples.
Secondly, for samples with noisy labels, their loss values are higher than those with undistorted
labels. For head class samples, the loss values for clean label samples steadily decrease, while the
loss values for samples with noisy labels initially decrease and then sharply increase before slowly
decreasing again. Conversely, for tail class samples, the loss values for clean label samples initially
experience an increase, which is followed by a significant decrease. In contrast, the loss values for
samples with noisy labels first increase and then decrease.

2. Related Work
2.1. Class Imbalance

Resampling the dataset is an effective measure to address class imbalance. Several
methods include the SMOTE series, which involves over-sampling the minority class
samples [15-17], under-sampling the majority class samples, and ensemble learning [18].
Another popular approach is data augmentation for tail class samples [19] using methods
like synonym replacement, random insertion, random swapping, and random deletion.
However, these methods may introduce new issues, such as overfitting with over-sampling
and loss of valuable sample information with under-sampling. Additionally, these methods
often require frequent parameter tuning to achieve better performance, resulting in higher
average training iterations and expensive processing costs, particularly for large-scale
datasets. Moreover, another prevalent choice is using sample reweighting methods, which
involve two strategies. The first approach considers high loss-value samples to be more
likely from the minority class and employs a monotonically increasing weighting function
to force the model to learn from high-loss samples, such as AdaBoost [20] and focal loss [11].
The second approach introduces weighting functions based on the frequency of sample
labels, such as the inverse of the class frequency [21] or the inverse square root [22]. Ref. [23]
extended the traditional paradigm of imbalanced classification problems from discrete
value domains to continuous value domains.

2.2. Corrupted Labels

To tackle label noise, refs. [5,8,24] assume the underlying causes of label noise and
employ label correction processes to transform corrupted labels into cleaner ones. These
methods require estimating a label corruption matrix, which is independent of the model
training process. However, such estimations do not consider data-related noise, which
is common in real-world label noise scenarios [25]. Ref. [26] expanded label correction
by incorporating an additional meta-update process during normal training. They used
a small amount of unbiased data to introduce meta-labels representing the reliability of
each label. Through a meta-learning network, they dynamically adjusted the weights
of each meta-label, enabling adaptive label noise correction during the training process.
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Another approach is reweighting the loss values of each sample, where samples with higher
loss values are considered more likely to be noisy, and the model tends to focus on those
high-confidence samples with clean labels. This is often achieved through methods like the
SPL series [10].

2.3. Meta-Learning Combined with Reweighting

Meta-learning is a popular research direction in machine learning that allows mod-
els to rapidly adapt to new tasks with very few training data. Inspired by previous
works [13,27,28], some automatic weighting methods using meta-learning have been pro-
posed. They use a small amount of unbiased meta-data to automatically fit a more reason-
able weighting function, which exhibits better generalization ability than manually adjusted
hyperparameters [29] and demonstrates superior performance in data selection [30]. Typi-
cal meta-learning reweighting methods include MentorNet, L2ZRW, MW-Net, and CurveNet,
which guide the model to assign weights to samples with the help of a small amount of
unbiased data. These weights effectively act as hyperparameters for the classifier, which
can be solved by solving a bi-level optimization problem between the classifier and the
meta-network [31,32]. Specifically, MentorNet uses a bidirectional LSTM-based network to
weight mini-batch samples in StudentNet, jointly optimizing deep CNNs for large-scale
data. L2RW and MW-Net follow a similar structure, simultaneously learning the classifier
and the weighting function. The classifier undergoes traditional gradient updates, while
the weighting function is updated through meta-learning, alternating between the two.
This function assigns weights to examples to alleviate overfitting caused by label corruption
or class imbalance in the training data.

Furthermore, recently, a two-stage training strategy has been proposed [33-35] to
improve the model’s classification performance on biased data. CurveNet [14] adopts
a similar two-stage training strategy and discovers different changing trends in the loss
curves of image samples with different types of biases.

Taking inspiration from the aforementioned works, we adopt a similar two-stage
strategy, using multiple loss variation values. We improve the data flow between models
by extracting attention features for each sample before obtaining the final classification
result from the classifier’s output. These attention features, along with the sample’s label
embedding and loss variation values, are fused to create what we call a sample discrim-
inative feature. The classifier and meta-network learn from this discriminative feature
during the training process, making them more sensitive to label-corrupted and class-
imbalanced samples. This allows more reasonable weight allocation for biased training
data that simultaneously contains noisy labels and imbalanced classes. As Table 1 shows,
our method achieves favorable performance in both high-class imbalance and high noise
levels situations.

Table 1. Performance comparisons on AG News with varying noise rates and imbalance factors.

Imbalance Ratio 10 20 50 100 200 1
Noise Rate 0 0 0.2 04
Bert-base 90.58 8933 8521 81.18 69.01 9344 9219 90.13
MW-Net 9148 90.20 87.79 8458 80.37 9344 9327 91.23
MLC 91.91 88.75 78.63 75.41 73.87 94.57 93.70 91.76

MLRNet(Ours) 92.15 89.95 90.07 88.47 83.22 9421 9410 92.38
The best results are highlighted in bold.

3. The Proposed Meta-Loss Reweighting Net Method
3.1. Optimization Objective in Meta-Learning
Following the work of [36], we perform model learning on two sets of data: a large set

containing biased data and a small set of clean and unbiased data. Due to the high cost of
expert labeling, the clean and unbiased dataset is much smaller than the biased dataset.



Appl. Sci. 2024, 14, 164

50f 15

Using the biased dataset as the entire training set is not optimal, since it contains a large
amount of biased data. On the other hand, training solely on the clean dataset leads to
severe overfitting due to the limited number of samples. To address this, we adopt the idea
of meta-learning, where we use the small unbiased dataset as the meta-dataset to guide the
parameter updates of both the classifier and the meta-network.

Let us represent the training set containing biased data as D*" = {x;,y;}}¥, and
the meta-dataset as D" = {x;, yj}jz\i 1» where N and M represent the sample sizes of the
training set and the meta-dataset, respectively, and N >> M.

We use X! and Y##" to denote all the samples and label vectors in the training set
D'rin respectively. Similarly, X"**** and Y"* represent all the samples and label vectors
in the meta-dataset D!, The classifier is denoted by F, and its learnable parameters are
represented as w. The regular parameters can be obtained by minimizing the following
loss function:

w* =arg ngn %L (thi", F (Xt”’i"; w)) 1)

Here, we use L™ (w) as shorthand for L(Y*", F(X"%";)). However, due to the pres-
ence of biased data, we need to assign weights to sample loss values to adjust the impact of
biased data and improve the model’s robustness. We use V(I;6) to represent the weight
net, where 0 represents its learnable parameters. Clearly, once 6 is set to be optimal, we
can obtain the optimal w* value, and Equation (1) can be written in the following weighted
loss form:

§ 1 , ,
w" = argmin NV(L”“’”(CJ);Q)L”‘”"(@) ()

The optimal 6 can be obtained by minimizing the following loss function:
0" = argmein%L(Y"M”,P(Xmgm;w*(V(())))) 3)

3.2. Bi-Level Optimization Parameter Update

As evident from Equations (2) and (3), it is apparent that the optimal 6 cannot be
directly determined because it requires the optimal w, and conversely, the optimal w
also depends on the optimal 0 for its calculation. If we were to compute w*, we would
need to execute Equations (2) and (3) for each 6, making the computations prohibitively
expensive. The optimization of parameters for both the classifier and the weight net
constitutes a bi-level optimization problem [13] that requires simultaneously optimizing
the upper-level parameters (parameters of the weight net) and the lower-level parameters
(classifier parameters). Therefore, on a mini-batch, we independently optimize the lower-
level parameter w using Equation (4) to approximate the optimal values. Subsequently, we
optimize the upper-level parameter  using Equation (5):

@(t) _ w(t) N a%V(Ltmin (w(t));e(t)) % (Ltrain ((U)|w(t)) (4)
p(t+1) — g(t) _ ﬁ%% (Lmem (@;(t)(g)) |9(t)) (5)

Here, « and f3 are the learning rates for w and 6, respectively. n and m represent the number
of samples in a mini-batch from the training set and the meta-set, respectively. t denotes
the current training epoch. After obtaining the optimal weight net parameters for the
mini-batch, we can further update w using Equation (6) to obtain the optimal classifier
parameters:

Wt — ) _ “%V(Ltmin (w(t));e(t-i-l)) % (Ltrain(w”w(r)) (6)



Appl. Sci. 2024, 14, 164

6 of 15

By iteratively performing these updates during training, we aim to find the optimal param-
eters for both classifier and weight net, effectively addressing the issue of biased data and
improving the model’s performance on biased training data.

3.3. Discriminative Features

Inspired by previous works, we also adopt a similar two-stage training strategy.
In the first stage, we collect the loss values of each sample for every epoch using the
loss function L(Y##", F(X!"; w)). These loss variation values are represented as L; =
[LY,L},--L!,---LT], where T represents the total number of training epochs (0 < t < T).
We then normalize the multiple loss values for each sample by subtracting the average
loss of the corresponding class, which highlights the difference between clean and biased
samples. We denote the normalized loss variation values of a sample as I;.

In the field of NLP (Natural Language Processing), pre-trained models have rapidly
developed and achieved impressive results on downstream tasks such as classification [37-39].
We use a pre-trained model as the classifier and extract the vector before the model’s output
as the feature representation h(x;) for each sample. It is important to note that before using
this feature vector, we apply a stop-gradient operation; this is because we only use H(x) as
the sample’s feature during forward propagation and do not want gradients to flow back
to the classifier during backward propagation. Additionally, we embed the sample’s label
to obtain the label-embedding vector Y?"* (y;). This label-embedding method is commonly
used in the domain of biased data [26,40]. We concatenate the sample feature H(x) with Y*",
aiming to preserve the original attributes that can represent the sample’s information. The
concatenated sample features are fed as inputs to the subsequent linear layer with a tahh
activation function. On the other hand, we pass I; through a fully connected layer with a Tanh
activation function. By summing the input of this layer and the concatenated sample features,
we obtain a vector that fully incorporates the sample’s semantic information and has high
discriminability among samples. We refer to this vector as the discriminative feature DF;:

DF(H(x), Y™, I,) = concat(h(x;, Y (y;)) + Dense(I;) 7)

3.4. The Meta-Loss Reweighting Network (MLRNet) with Discriminative Features (DF)

MLRNet takes the discriminative features as inputs. Therefore, the parameter update
Equations (4) and (6) of the model can be rewritten as follows:

0 = ) — v (DE(H(), Y™, 1);60) 2 (L7 (@), ®)
W) = @ — o v (DE(H(x), Y, 1)) 2 (B @) o) )

To summarize, in the second stage, guided by a small amount of unbiased data, the classifier
and the meta-net are jointly optimized. After training the classifier for a certain number of
iterations, we use the meta-model to update the classifier’s parameters to obtain suboptimal
parameters based on Equation (8). Next, we update and obtain the optimal upper-level
parameters from the meta-set by using Equation (5). Finally, using Equation (9) on the
biased dataset, we obtain the optimal lower-level parameters, completing the bi-level
optimization for both the main model and the weight net. The entire training process
is illustrated in Figure 2, and the parameter update algorithms for both the classifier
and the meta-model are detailed in Algorithm 1. The introduction of discriminative
features makes the model more sensitive to the types of data bias, thereby allocating more
reasonable weights to biased training data that simultaneously contain corrupted labels
and imbalanced classes.
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Figure 2. The training process of MLRNet. In the depicted diagram, the green-colored blocks
represent the backbone network, serving as the classifier for the entire model. The blue-colored
blocks represent the meta-model, MLRNet, with its network structure outlined at Figure 3. Within
the black-bordered area in the diagram, we illustrate the process of optimizing and updating the
meta-network parameters. The arrows in the diagram denote the flow of data, although, due to the
complexity of the diagram, the three inputs to MLRNet are not explicitly depicted.
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(a) Classifier structure.

(b) Meta-model structure of MW-Net (left) and MLRNet (right).

Figure 3. The structure of classifier and meta-net. (a) illustrates the network architecture of the
classifier (Bert-base), where N represents the number of layers in the Bert attention layers. (b) depicts
the meta-net structures of MW-Net and MLRNet, respectively.

Algorithm 1: The MLRNet Training Algorithm

Input: Training set D", meta-data set D"**, multiple loss values I;, attention features H(x), sample
label embedding vectors Ye" batch size n and m, maximum iterations T.
Output: Classifier network parameter w(T).
Initialize classifier network parameter w(®) and Meta-Weight-Net parameter 6(%).
fort =0toT —1do
{x;,y;}!, + SampleMiniBatch(D*", n).
{xi,yi}!; < SampleMiniBatch(D""", m).
Compute the discriminative features DF; using Equation (7).
Compute the classifier parameters @(*) at time step t using Equation (8).
Update 6(+1) using Equation (5).
Update w1 using Equation (9).
end
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4. Experiments

To evaluate the proposed algorithm’s performance, we conduct experiments on bench-
mark datasets in both English and Chinese. These datasets comprise both synthetic and
real-world biased datasets, allowing us to assess the algorithm’s generalizability in various
scenarios. We compared the algorithm against existing methods under different imbalance
factors and noise levels to gauge its effectiveness.

4.1. Datasets

AG News: This is a large-scale multi-class text classification benchmark dataset
containing 496,835 news articles from over 2000 different news sources. Following the work
of [41], we focused on the four classes with the most samples and used the article titles along
with their corresponding descriptions. In the training set, each class has 30,000 samples,
while in the test set, each class has 1900 samples. For fair comparison (MLC), we randomly
selected 100 samples from each class to form a clean and unbiased meta-dataset.

CLUE: A Chinese language understanding evaluation benchmark [42]. For our ex-
periments, we selected two datasets from the classification tasks, TNEWS and IFLYTEK.
TNEWS is a dataset that contains 73,360 news headlines for short text classification. It
covers 15 categories, and the training, validation, and test sets consist of 53.3 k, 10 k, and
10 k samples, respectively. IFLYTEK is a dataset that includes 17,332 app descriptions for
long text classification. It has 119 categories, and the dataset is split into 12.1 k, 2.6 k, and
2.6 k samples for training, validation, and test sets, respectively.

Real-World Noise: DataCLUE is a benchmark that replaces the traditional model-
centric approach with a data-centric approach for Chinese text classification [43]. We
used the CIC Electronic Commerce 118-classification dataset from DataCLUE because it
contains a high proportion of mislabeled data and a large number of label categories with
certain imbalances in the label distribution. This dataset is used as a real-world biased
dataset. The data are split into 10,000 samples for training, 2000 samples for validation, and
2000 samples for the test set. Notably, more than 1/3 of the training set and more than 1/5
of the validation set have mislabeled data, while the test set has ground-truth labels with
an accuracy exceeding 95%.

It is worth noting that AG News is a large-scale dataset without biased data, but the
other three datasets, THNEWS, IFLYTEK, CIC, are all naturally biased and have smaller
scales than AG NEWS. Therefore, we additionally set the bias for the AG News dataset
and experimentally verified the performance of our method on the large-scale dataset
under different bias combinations. Thus, we constructed a biased training set for the AG
news dataset using the two types of bias settings mentioned in Section 4.2 and conducted
experiments on it.

4.2. Bias Setup

Class Imbalance: To create a class-imbalanced dataset, we gradually reduced the
number of samples for each class using an exponential function n = n;u', where i is the
index of the class, #; is the original number of samples for each class, and y € (0,1). The
imbalance level of the dataset is defined by an imbalance factor, which is the ratio of the
number of training samples in the largest class to the number of training samples in the
smallest class. For example, when the imbalance factor is 100, assuming the class with the
most samples has 1200 samples, the class with the fewest samples contains only 12 samples.

Label Noise: We used two commonly used methods to introduce label noise: uniform
noise and flipping noise. Both methods change the label of a sample to another label with a
probability of noise level p.

UNIFORM: Suppose the dataset contains C classes. In the uniform noise setting, the
sample’s label is preserved with a probability of 1 — p. The label is randomly corrupted to
other labels with equal probability £ for each class. The UNIFORM noise matrix is defined
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as follows: for each element 4;; in the matrix, it represents the probability that the label
with index i is corrupted to the label with index j.

1-p+& & L
corrupted matrix = £ . 1-p+ L Z
¢ € 1-pte

FLIP: In the FLIP noise setting, we also assume a dataset with C classes. Similar
to the uniform noise, the label is preserved with a probability of 1 — p. However, with
a probability of p, the label is corrupted to one of the remaining C — 1 classes specified
randomly. For example, for the label with index 0, the FLIP noise matrix may look like
[l—p 0 p ... 0]. Due to its randomness, the complete FLIP noise matrix is not
provided here.

4.3. Hyperparameter Configuration for the MLRNet

We maintained a consistent configuration similar to MLC by setting the dimensionality
of the attention features extracted by the classifier to 768. Simultaneously, we established
the size of the label embedding layer as (C, 128), where C represents the number of classes
in the dataset. We then processed I; through three layers of Tanh activation functions,
resulting in an output dimensionality equivalent to that of the discriminative features.

Given that attention features are concatenated with label embedding vectors, the
concatenated representation subsequently passes through two layers of Tanh activation
functions. The input dimensionality here is the sum of the feature dimension and the label
embedding dimension, while the output dimension matches that of the discriminative
features. Summation is performed to obtain the discriminative features DF;.

Following this, a three-layer feedforward network with Tanh activation functions is
employed, which is followed by a final layer with a sigmoid activation function. This
ensures that the computed weights fall within the [0, 1] range. The structural visualization
of this model can be referenced in Figure 3.

4.4. Implement Details

AG News: We constructed datasets with different bias proportions by artificially
reducing the number of samples in each category and corrupting the labels with noise
using the noise matrices. The model was trained for 10 epochs on an NVIDIA RTX A5000
GPU. We utilized the pre-trained BERT-base-uncased model as the backbone network with
a batch size of 30. The learning rate for the classifier was set to 1 x 107> and we set the
random seed to 1 to ensure the results are replicable in multiple runs.

Other datasets: For fairness, for Chinese datasets such as IFLYTEK, TNEWS and CIC,
we used different models as classifiers and conducted different experiments on each dataset.
Following previous work [42,43], we utilized the pre-trained RoBERTa-13 model as the
backbone network with a batch size of 16. This model was trained for 6 epochs on an
NVIDIA RTX A5000 GPU. The learning rate for the classifier was set to 2 x 1072, and we
set the random seed to 42 to ensure the results are replicable in multiple runs.

For the CIC dataset, [43] used Macro-F1 as the primary evaluation metric. In this
paper, we use accuracy as the evaluation metric for the experimental results of all English
and Chinese datasets, which is the percentage of the number of correctly predicted sam-
ples divided by the total number of samples by the model. To maintain consistency for
comparison, we adopted the same hyperparameter settings as [43].

It is worth noting that in today’s prevalent pre-training models, such as BERT, the
Post-Norm structure can lead to the problem of gradient vanishing during backpropagation,
especially in deeper layers [44,45]. However, this seems to align with the original design
intention of pre-trained models, aiming to preserve the effectiveness of pre-trained layers
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as much as possible. To address this, we used the Adam optimizer for training, and its
warm-up mechanism allowed the model to start with a smaller learning rate to familiarize
itself with the overall data distribution. For the same dataset, each model was trained with
the same number of warm-up steps and epochs.

4.5. Comparison Method

Due to factors such as scale, manual construction, and language differences, AG news
is a large-scale English dataset without biased data, while the other datasets are small-scale
biased Chinese datasets. Therefore, we use the state-of-the-art comparison methods of the
current dataset for comparison.

For the AG News dataset, we conducted experiments with different setting of bias,
which included cases of extreme class imbalance and extreme label noise. For example, in
Table 1, an imbalance factor of 200 means that the class with the highest number of samples
has 200 times the number of samples compared to the class with the lowest number. The
main comparison was made with two SOTA methods: [36] used meta-learning for sample
reweighting (referred to as MW-Net), and [26] used meta-learning for label correction
(referred to as MLC). The label correction model represented by MLC performs poorly on
high class imbalance, so we conducted additional experiments under complete label noise
settings. The values in Table 2 represent the average accuracy of 10 noise levels for each of
the two bias construction methods (UNIFORM and FLIP); for example, UNIFORM noise
level 0.2 and FLIP noise level 0.8 indicates whether to use UNIFORM or FLIP to construct
noise, and 20% or 80% of sample labels are replaced with noisy labels. GLC [5] and MLC
are the best models for handling label noise in weakly supervised label correction models.

Table 2. Mean accuracies on AG News under two noise types and 10 noise levels.

Method Bert-Base MW-Net GLC MLC MLRNet (Ours)

Accuracy(%) 74.65 7591 83.88 85.27 85.41
The best results are highlighted in bold.

Result on the Chinese Benchmark Datasets

We further evaluated our approach on the Chinese benchmark datasets, and the results
are presented in Table 3. The experimental outcomes affirm that our methodology also
yields commendable results on the Chinese dataset, thus underscoring its versatility and
efficacy across diverse tasks.

Table 3. Performance comparisons on Chinese benchmark datasets.

Method RoOBERTa-13 Bert-wwm-ext RoOBERTa-wwm-ext MW-Net MLRNet (Ours)

THNEWS 55.43 56.84 56.94 57.03 59.30
IFLYTEK 58.67 59.43 60.31 59.74 61.45
CIC 84.45 84.90 84.70 84.69 85.35

The best results are highlighted in bold.

For other Chinese benchmark datasets, we also follow the work of previous re-
searchers [42,43] and use their baseline for comparison, such as RoBERTa-13 [39], Bert-
wwme-ext [46] and RoBERTa-wwm-ext [46]. BERT-WWM is the first pre-training scheme
designed for the Chinese language, which uses a whole word mask (WWM) strategy based
on Chinese words. Compared to individual Chinese character-based masks, word-based
masks enable the model to learn more semantic information. BERT-wwm-ext adopts the
same model structure as BERT-wwm, consisting of 12 layers of bert layers. In fact, it is
able to increase the training dataset and training steps to improve the effect. RoBERTa
changed the pre-training strategy and removed the Next Sentence Prediction (NSP) task; it
is trained with dynamic masking. Thus, RoBERTa-wwm-ext is a Roberta model that uses
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the WWM strategy and increases the training dataset and training steps. RoBERTa-13 is a
RoBERTa-wwm-ext model but with three Bert layers.

In addition, MW-Net [36], as the state-of-the-art meta-learning reweighting method
with strong universality and robustness, runs through all comparison methods.

4.6. Experiments Results and Analysis
4.6.1. Results on the English Benchmark Dataset

We conducted a comparative analysis of model performance on the AG News dataset
across various imbalance factors and noise levels. The experimental results presented
in Table 1 demonstrate that when utilizing Bert-base as the backbone network, MLRNet
consistently exhibits robust performance across most settings. It is noteworthy that in
this context, the noise labels were generated using the UNIFORM method. Importantly,
when the noise level is set to 0, the task effectively transforms into a single-class imbalance
problem. Similarly, when the imbalance factor is set to 1, it becomes a single-class label cor-
ruption problem. The observations reveal that concerning class imbalance, as the imbalance
factor gradually increases, MWN outperforms other models, while MLC, functioning as a
label correction model, demonstrates relatively weaker performance. Conversely, in terms
of label corruption, MLC outperforms MW-Net. Notably, MLRNet consistently achieves
favorable results particularly in scenarios characterized by high class imbalance and noise
levels.

Furthermore, we investigated two methods for constructing label noise. The values in
Table 2 represent the average results obtained from 20 (2 x 10) different settings with each
method (UNIFORM and FLIP) comprising 10 noise levels. Each configuration was run
five times to ensure robustness. MLRNet demonstrated robust performance even under
extreme label noise conditions.

4.6.2. Ablation Study and Analysis

In order to explore the versatility of MLRNet across different backbone networks, we
substituted the backbone network with Bert-base-31, which comprises only three layers
of attention layers, and conducted further experiments on the AG News dataset. We
configured imbalance factors for bias data types as [1, 10, 20], employed label noise of the
UNIFORM type, and varied noise levels within the range [0.0, 0.2, 0.4, 0.6]. Building upon
these settings, we conducted a detailed investigation into our methodology to ascertain its
adaptability to diverse bias scenarios. The outcomes of these experiments are presented in
Table 4.

Table 4. Acuracy of our model with Bert-base-13 on AG News.

Imbalance-Ratio 10 20
Noise-Rate 0.2 0.4 0.6 0.2 0.4 0.6
Bert-base 89.41 88.77 87.43 87.53 86.18 84.88
MW-Net 90.26 89.62 88.36 88.65 88.12 86.71
MLRNet (Ours) 91.23 90.18 88.82 89.77 89.71 88.39

The best results are highlighted in bold.

Effects of the number of Meta-Samples. Given the inherent errors in data collection
and the substantial cost associated with expertly annotating unbiased datasets, we sys-
tematically varied the quantity of meta-samples during training to further validate the
robustness of our method. As delineated in Table 5, our approach demonstrates noteworthy
performance, even when the number of meta-samples per class is as low as 10, resulting in a
notable improvement of 1.24% (imbalance factor set at 20, noise level at 0.4, and DF feature
dimensionality at 128). Interestingly, as the quantity of meta-samples per class gradually
increases, this improvement becomes even more pronounced. It is worth noting, however,
that when the number of meta-samples per class reaches 500, there is a decline in accuracy,
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as illustrated in Figure 4. We attribute this phenomenon to the fact that an excessively large
meta-dataset exacerbates the bias within the training set, ultimately leading to a decrease
in accuracy. Hence, we emphasize the importance of an appropriately sized meta-dataset
in achieving optimal results.

Table 5. Accuracy under varying numbers of meta-samples on AG News.

Method Bert-Base MLRNet (Ours) MW-Net
Num - 10 20 50 100 200 500 200

Accuracy (%) 86.18 8711 87.17 8725 88.68 89.71 88.80 88.12
The best results are highlighted in bold.

90 A

accuracy

T T T T T
0 2 4 6 8
epoch

Figure 4. Impact of meta-samples per-class.

Effects of discriminative feature dimensionality. Given that the dimensionality of
discriminative features directly impacts the computational workload and training speed of
the meta-model, we conducted experiments by adjusting the dimensionality of discrimina-
tive feature embeddings. The results are presented in Table 6 (imbalance factor set at 20,
noise level at 0.4, and 200 meta-samples per class). Concurrently, as evident from Figure 5,
it is apparent that with an increase in DF dimensionality, the average accuracy steadily
improves, underscoring the pivotal role of discriminative features. However, the escalation
in DF dimensionality also leads to a substantial increase in model parameters, resulting in
extended training times and heightened training costs. Consequently, taking into account
factors both performance and training time, we opted for a DF dimensionality of 128.

Table 6. Accuracy under varying dimensionality of DF on AG News.

DF Dimensionality 32 64 128 256 768

Accuracy (%) 88.50 88.36 89.71 90.04 90.35
The best results are highlighted in bold.

90 A

accuracy

0 2 4 6 8
epoch

Figure 5. Impact of DF dimensionality.
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5. Conclusions and Future Work

This paper introduces a novel MLRNet meta-module capable of handling highly biased
datasets, which can be applied to various tasks to enhance their performance. It leverages
the evolving trends in sample loss values to provide valuable insights for distinguishing
different biased samples. Within MLRNet, we propose a meta-loss reweighting network
structure that incorporates attention features. We introduce the concept of discriminative
features, employing a two-stage training strategy to pre-collect multiple loss variation
values for each sample and fuse them with sample feature vectors extracted through
self-attention layers. This enhances the discriminative capability of biased data samples.
Leveraging meta-learning principles, we train the entire model to assign more reasonable
weights to biased samples. Our experimental results on publicly available datasets in both
English and Chinese demonstrate the practicality of our approach, particularly in scenarios
where dataset is highly biased.

It is important to note that our experiments have been primarily conducted in the
domain of text classification. Our future work will explore research in the field of image
recognition. However, the meta-learning ideas and dynamic sample weighting methods
provided by MLRNet may not be limited to text and image classification. Its architecture
and principles may be applicable to other fields, such as speech recognition, medical image
analysis, and financial data mining, especially when there is significant bias in the dataset.
In the future, it may be used to improve the robustness of models in real-world data
and help develop models that are more adaptable to real-world diversity. With data bias
becoming a common problem in machine learning, the introduction of MLRNet marks
a beneficial exploration of this challenge. Future research may further explore model
optimization methods under different types of biases as well as their applications in a
wider range of fields.
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