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Large-scale accurate labels are very important to the Deep Neural Networks to train them and assure high per-

formance. However, it is very expensive to create a clean dataset since usually it relies on human interaction.
To this purpose, the labelling process is made cheap with a trade-off of having noisy labels. Learning with
Noisy Labels is an active area of research being at the same time very challenging. The recent advances in
Self-supervised learning and robust loss functions have helped in advancing noisy label research. In this paper,
we propose a loss correction method that relies on dynamic weights computed based on the model training.
We extend the existing Contrast to Divide algorithm coupled with DivideMix using a new class-conditional
weighted scheme. We validate the method using the standard noise experiments and achieved encouraging

results.

1 INTRODUCTION

Deep Neural Networks (DNNs) tend to show an in-
credible upshot in performance when trained with
large-scale labeled data under supervised environ-
ments (Krizhevsky et al., 2012). The strong and
implicit assumption in training any DNN is that the
dataset is clean and reliable. However, in real-world
it is difficult to meet this assumption owing to the ex-
pensive cost and the time required to create such large
high-quality datasets (Liao et al., 2021). The labelling
cost is reduced substantially by crowd-sourcing the
labelling process or by using an automated labelling
system. However, this inherently leads to having er-
rors in the labels.

Recent advances in DNNs show that it is possi-
ble to create learning algorithms that abide to less
accurate training data (Sun et al., 2017; Pham et al.,
2021; Ghiasi et al., 2021). However the DNNs have
a tendency to overfit on the label noise (Zhang et al.,
2021a). There are two common approaches to tackle
the problem of overfitting on noisy labels - Semi-
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Supervised Learning (SSL) and Learning with Noisy
Labels (LNL) (Zheltonozhskii et al., 2021). SSL uses
scarce high-quality labelled data to learn representa-
tions of large amount of unlabelled data (Hendrycks
etal., 2019). LNL approach uses less expensive anno-
tations, but uses noisy labels as a trade-off (Natarajan
et al., 2013). Both approaches are closely related to
each other and are often used in combination to help
DNNs learn from less accurate samples (Zheltonozh-
skii et al., 2021; Li et al., 2020; Chen et al., 2021).

LNL has been already studied both in machine and
deep learning (Frénay and Verleysen, 2013; Frénay
et al., 2014; Nigam et al., 2020; Cordeiro and
Carneiro, 2020). The objective of any LNL algorithm
is to find the best estimator for a dataset distribution
learnt from the original distribution with noise. It is
necessary for the DNN to learn the noise structure and
estimate the parameters accordingly. In many LNL
approaches, there is short ‘warm-up’ phase where su-
pervised learning or self-learning is used before deal-
ing with the label noise. By using the warm up, it
is possible to model the loss into a Mixture Model
(Arazo et al., 2019). The main reasoning for using
this phase is based on the behaviour of DNNss to learn
the clean samples faster than the noisy samples (Arpit
etal., 2017).

The next phase of LNL deals with adapting the
noise of the distribution and achieve robust classi-
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fiers. Several strategies have been proposed to make
the LNL network learn the dataset distribution with-
out the noise (Algan and Ulusoy, 2021). The com-
monly used Cross-Entropy Loss and Mean Absolute
Error are not robust to the underlying noise (Ma et al.,
2020) and it is important for the objective functions to
be robust to the noise of the underlying distribution.
Loss correction methods help in increasing the robust-
ness of losses by modifying the loss functions based
on the weights of the labels. In this paper, we pro-
pose a class-conditional loss correction method based
on the importance of classes. The loss is adapted dur-
ing each step of the training using weights computed
from the classifier scores. This adjustment is carried
out such that the classes that are weakly learned are
emphasized better during the learning process. To
validate the proposed method, we use the Contrast to
Divide framework (Zheltonozhskii et al., 2021) and
correct the loss during the training phase. Below, we
outline the main contributions of this work.

* First, we propose the weighed version of the loss
function for LNL. By weighting the unlabeled
part of the training data, it is made possible to give
more importance to the less learnt or hard to learn
classes.

» Second, we do an extensive analysis of various
components in the loss function and study the pro-
gression of the LNL framework. Moreover, we
show improvement with respect to the state of art
on LNL on a public dataset.

The rest of the paper is organized as follows. In
Section 2, we briefly discuss the related work. We
present the details of the proposed technique in Sec-
tion 3. The experiments and evaluations used to val-
idate the proposed method is explained in Section 4
followed by conclusion in Section 5.

2 RELATED WORK

There are several works in the literature on learning
with noisy labels. In this section, we briefly review
the recent literature that are relevant to our proposed
method.

2.1 Learning with Noisy Labels

There are several classes of LNL algorithms, broadly
falling into loss modifications and noise detection
schemes. Some methods use label correction (Xiao
et al., 2015; Li et al., 2017), where the noisy labels
are corrected using inferences made by DNNs, which
are in-turn trained only on clean labels, while other
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methods use loss correction schemes. In this class
of algorithms, the network aims at increasing its ro-
bustness towards noise by modifying the loss function
(Han et al., 2018; Ma et al., 2020). A computationally
efficient method based on noise similarity labels was
used instead of learning from noisy class labels and
was able to reduce the noise rate (Wu et al., 2021).
In general, similarity-based approaches have been ef-
fective in many LNL algorithms where using a noise
transition matrix serves as a bridge between the clean
and noisy samples (Hsu and Kira, 2015; Hsu et al.,
2019; Wu et al., 2020).

The loss correction methods are based on modify-
ing the loss function with weights during the training
of DNNs. Common problems with the existing loss
functions are over-fitting of noise and under-learning.
Importance weighting schemes have been effective in
making the losses more robust to noise (Liu and Tao,
2015; Zhang and Sabuncu, 2018; Yu et al., 2019;
Zhang and Pfister, 2021). The Symmetric Cross En-
tropy loss was created using a Reverse Cross Entropy
term along with the Cross Entropy term to make the
loss more robust to noise and achieve better learn-
ing of the samples (Wang et al., 2019). Normaliza-
tion techniques proved to make the commonly used
loss functions more robust to noise and also by us-
ing two robust loss functions to create an Active Pas-
sive Loss helped in boosting each other’s performance
(Ma et al., 2020). Backward and forward noise tran-
sition matrices, which are based on matrix inversion
and multiplication were pre-computed and shew to
increase the robustness of the loss function (Patrini
et al.,, 2017). In the above discussed methods, the
basic assumption in a relabeling approach is to have
clean labels, which is also a limitation of these algo-
rithms.

Another variation of LNL algorithms focuses
on new learning schemes adapted to noisy labels
(Malach and Shalev-Shwartz, 2017; Yu et al., 2019).
DivideMix (Li et al., 2020) uses a co-teaching strat-
egy to learn two networks simultaneously, so that one
network learns from the other networks’ confident
samples. This algorithm uses a loss to fit a Gaus-
sian Mixture Model in order to divide the samples
into labeled and unlabeled set. A Beta-mixture model
was also used to model the losses for learning the
noise in an unsupervised manner (Arazo et al., 2019).
Selective Negative Learning and Positive Learning
were used to selectively apply positive learning on
expected-to-be-clean data, which is obtained by Neg-
ative Learning, where complimentary labels were
used instead of the actual labels (Kim et al., 2019).
This approach proved to be very effective compared
to the normal positive selection of samples. Early
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Learning Regularization (Liu et al., 2020) learned the
clean samples first, followed by noisy samples in later
epochs. This method was beneficial as it prevented
the network from memorization of the noisy samples.
Data augmentation is also an effective means to com-
bat the noisy label problem (Berthelot et al., 2019b;
Li et al., 2020; Berthelot et al., 2019a; Sohn et al.,
2020). AugDesc (Nishi et al., 2021) used weak aug-
mentations to learn the loss and strong augmentations
to improve the generalizations.

Most of the literature presented above, uses a com-
bination of different LNL schemes to make the net-
work robust to noise. In this paper, we propose a loss
correction scheme on top of the already effective Di-
videMix and Contrast to Divide learning schemes to
enhance the learning of models.

2.2 Self-supervised and
Semi-supervised Learning

Semi-supervised learning algorithms utilize the un-
labeled data by performing providing pseudo-labels
to the unlabeled data and adding constraints to the
objective functions. Regularization could be consis-
tency regularization or entropy minimization. Mix-
Match (Berthelot et al., 2019b) combined both the
regularization methods to produce labels to the unla-
beled classes. ReMixMatch (Berthelot et al., 2019a)
and FixMatch (Sohn et al., 2020) were adaptations of
MixMatch, which used weakly augmented images to
produce labels and predict against the strongly aug-
mented images. It is also beneficial to remove wrong
labels that have high levels of noise. By using only a
portion of the training set which is correct, the same
performance could be achieved (Ding et al., 2018;
Kong et al., 2019).

Self-Supervised Learning (SSL) algorithms learn
representations in a task-agnostic environment so that
the representations are meaningful irrespectively of
the labels. Contrastive loss has been vital in the recent
success of SSL algorithms, which clusters data points
based on the (dis-)similarity of classes (Wang and
Liu, 2021). By using these representations, any down-
stream task could be well learned by the DNNs. SSL
algorithms have been widely used in solving the noisy
label problems. Since the networks are learned with-
out labels, they are able to produce features that are
robust to noise (Cheng et al., 2021). Data re-labeling
helps in increasing the effectiveness of DNNs. The
performance was boosted by using a parallel network
to learn the portion of clean labels (Mandal et al.,
2020). Supervised learning and self-supervised learn-
ing can also be used together as a co-learning scheme
as this could maximize the learning behaviour using

both the constraints (Tan et al., 2021; Huang et al.,
2021). Contrastive DivideMix (Zhang et al., 2021b)
fuses the contrastive and semi-supervised learning al-
gorithms.

DivideMix (Li et al., 2020) uses a semi-supervised
training phase. It uses the MixMatch algorithm to per-
form label co-refinement and co-guessing on labeled
and unlabeled samples. This works on per-sample
loss behaviour and has been an effective technique
to model the noise. One of the bottleneck in this
method is the warm-up phase. This was overcome
using the Contrast to Divide (Zheltonozhskii et al.,
2021) method. Instead of using a supervised learning
in DivideMix, this algorithm used a self-supervised
learning method. In our proposed approach, we add
an importance weighting scheme that would enable
the algorithms to focus selectively on the classes.

3 IMPORTANCE WEIGHTING

In this section, we first brief the rationale behind the
approach. We provide background information fol-
lowed by the proposed weighted scheme.

3.1 Rationale

Our approach is motivated by the observation that
learning is unbalanced across classes, that is, after a
given number of epochs, the accuracy of the model
tends to vary significantly over different classes.
Our hypothesis is that, by focusing the learning ef-
fort in those classes for which the model is cur-
rently less efficient, the overall accuracy of the model
can be improved. To test this hypothesis, we pro-
pose to enhance the DivideMix algorithm (Li et al.,
2020) with a class-conditional importance weighting
scheme which assigns a larger weight to the classes
for which the model has a poorer performance.

3.2 Background

At each epoch, the DivideMix algorithm, on which
we build, separates the training set into two disjoint
sets: a set X containing potentially clean data, and a
set U containing potentially noisy data. This separa-
tion between clean and noisy data is made by fitting
a Gaussian mixture model to the softmax output of a
pretrained network (Li et al., 2020). The loss function
used for training thus combines the losses on both the
potentially clean and noisy sets, and is given by (Li
et al., 2020):

LZLX"‘}\'ML‘U"‘}"rLreg» (D
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where Ly is the cross-entropy loss over the aug-
mented and mixed clean data X’; Lg is a mean
squared error loss over the augmented and mixed
noisy data UI'; and finally, Lieg is ategularization term
used to encourage the model to evenly distribute its
predictions across all classes.

The loss Lq; of the noisy data is defined as:

LY -peIB.

U e

Ly =

where || is the number of noisy samples at the cur-
rent epoch, p is the label assigned to each noisy sam-
ple x through co-guessing (Li et al., 2020), and pg(x)
is the model prediction for x given the current model
parameters 0. The regularization term Ly, in its turn,
is given by:

1

-1
Lreg = Y T log nc<S|Zp§(X)> ;@

XES

where § = X'+ U, and ®, = 1/C is a uniform prior
distribution over the probability of each class in S.
Providing a uniform prior distribution . = 1/C in
Equation (2) causes the loss to be minimal when the
model yields exactly the same number of predictions
for all classes in the data set.

3.3 Class-conditional Importance
Weighted Loss

We now describe the approach taken to assign a
weight for each class. Let f be a vector of C elements,
C being the number of classes in the data set. Each el-
ement f. € fis given by f. = 1— F{, where F{ repre-
sents the F; score for a particular class c at the current
epoch. The vector f is then smoothed over a window
of n, epochs, yielding f. Then, the weight vector w is
computed as:
max (A, f)

Y= Tmax (b, 1)) < C ©)
where A,, is a hyperparameter which has the role
of limiting how far the resulting weights can devi-
ate from the value 1. Hence, the resulting weights
w = {wi,...,wc} of Equation (3) take a larger value
for those classes for which the F; score is smaller.

Furthermore, to account for the importance of
each class in the learning phase, we introduce the
weights w (Equation (3)) in the loss function Lq; of
the unlabeled set (Equation (3.2)), yielding:

1

Ly= 0

|ul| Z WCHp_pO(x)”%a (4)

(rp)ed
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where w, is the weight of class ¢, and c is the class of
the image x. Finally, to apply the weights to the reg-
ularization loss Ly, we simply replace the uniform
prior distribution 7, = 1/C used in DivideMix (Equa-
tion (2)) by a non-uniform prior based on the weights
w, such that: w

T = EL ) 5)
where w, is the class weight according to Equa-
tion (3), and C is the number of classes in the dataset.
This way, when the model performs poorly for a given
class due to not choosing that same class as many
times as it should, using the prior specified in Equa-
tion (5) will encourage the model to increase the num-
ber of prediction for this same class. Figure 1 shows
the pipeline of our proposed approach.

4 EXPERIMENTS

We evaluate our proposed framework following the
common methodology in synthetic noise benchmarks.
We use CIFAR-10 (Krizhevsky and Hinton, 2009) to
validate the method, varying the amount of injected
noise. We measure the performance of the networks
using accuracy as an evaluation metric. We provide
the accuracy over five runs for each noise ratio, fol-
lowing the results presented in Contrast to Divide
(Zheltonozhskii et al., 2021).

4.1 Implementation Details

Similarly to (Li et al., 2020), we used a PreAct
ResNet-18 architecture (He et al., 2016) for Di-
videMix. Moreover, we coupled DivideMix with
Contrast to Divide (C2D), which has been shown to
considerably boost the original DivideMix algorithm
(Zheltonozhskii et al., 2021). As regards the injected
noise in the CIFAR-10 data set, we used two types
of label noise: symmetric and asymmetric. Given
a target noise ratio, the symmetric noise is gener-
ated by randomly substituting the original label by a
randomly selected new label chosen with a uniform
probability over the rest of the class labels. Regard-
ing the asymmetric noise, we follow (Zheltonozhskii
et al., 2021) who designed the noise so as to mimic
the structure of real-world noise labels substituting
the labels with those of the most similar classes. In
each experiment, the networks are optimized during
360 epochs.

Regarding the A, hyperparameter, we follow (Li
et al., 2020) and set its value to 1. To compute the
weights per class, we set A,, = 0.1 in Equation (3), and
use a smoothing window of 5 epochs (i.e., n, = 5).
The problem of selecting A, is discussed below.
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Figure 1: Pipeline of our proposed approach. The symCLR component pre-trains networks A and B. Then, these undergo
the DivideMix warm-up phase where the two networks are trained on all the data set during a small number of epochs using
standard cross-entropy loss. Then, at each epoch, the co-divide is applied to divide the data set in two disjoint sets, yielding
the set of the clean and of the noisy labels (X and U, respectively). For each mini-batch, networks A and B are then trained

separately using MixMatch and our proposed weighting scheme.

Table 1: Study of the optimal A,, value. The table shows the peak and final accuracy on CIFAR-10 for 5 < A, < 50.

Method 5 10 15

25 30 35 40 45 50

Weighted C2D | Peak | 91.73 | 92.45 | 92.92
+DM (90%) | Final | 91.45 | 92.35 | 92.73

93.50
93.33

4.1.1 Selection of A,

As in (Li et al., 2020) and (Zheltonozhskii et al.,
2021), the performance of our proposed approach can
vary significantly depending on the used parameter
Ay, i.e., the hyperparameter specifying the weight of
the unsupervised loss L¢; in the final loss (see Equa-
tion (1)). Therefore, in Table 1, we provide a detailed
analysis of the effect of this hyperparameter on the
final accuracy reached by our method when consider-
ing 90% of symmetric noise. The results show that
the optimal A, for our method with a noise ratio of
90% 1is of 40. This value is roughly in-line with the
one (50) reported by (Li et al., 2020).

Following a similar approach, we collected a set
of selected A, values for each considered noise ra-
tio value. We can observe that the optimal A, value
found seems to decrease with the noise ratio present
in the dataset. This seems to indicate that, the larger
the amount of noisy labels present in the used dataset,
the more relevant the loss Lq; of the unlabeled data
becomes in the learning process. The set of selected
A, values for each considered noise ratio value are
shown in Table 2. These values are used henceforth in
all experiments for each corresponding noise value.

Table 2: Table with the selected A, values for each noise

ratio.

Noise | »0g, | 50% | 80% | 90% | 0%

Ratio (asym)
M 0 25 30 40 0

93.50 | 93.60 | 93.58 | 93.69 | 93.52 | 93.66
93.48 | 93.53 | 93.47 | 93.28 | 93.42 | 93.57
1
-
0r "—
Ak
57 —
i Aux Ly |
— Ly
_Lfrdu[
4+ -
5
760 5‘0 160 15‘0 2(‘}0 2;0 3(;0 3‘50 400

Figure 2: Different terms of the loss function as a function
of the epoch. The plot was generated for CIFAR-10 with
80% of symmetric noise and A, = 30.

At this stage, it is interesting to analyze the role of
the A, hyperparameter in the total loss value of Equa-
tion (1). Figure 2 depicts the different terms of the
used loss function. We can observe that the hyperpa-
rameter A, acts as a scaling factor which brings Lq; (in
red) up to a magnitude in which it can actually influ-
ence the final loss function shape (in orange the prod-
uct A, X Lg;, and in green the final loss, denoted by
L;osq; in Figure 2). It is also apparent from the curves
that the loss of the labeled data (Ly, in blue) is the one
that dominates the total loss shape. Finally, the reg-
ularization loss Ly, seems to have a rather marginal
role on the overall optimization process.
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Table 3: Peak and final accuracy (%, mean = std over five runs) on CIFAR-10. DivideMix and C2D+DM results are obtained

from literature.

Method 20% 50% 80% 90% 40% (asym)
DivideMix P.eak 96.1 94.6 93.2 76.0 -
Final 95.7 94.4 92.9 75.4 -

COD+DM P.eak 96.434+0.07 | 95.32+0.12 | 94.40+£0.04 | 93.574+0.09 | 93.45+0.07

Final | 96.23£0.09 | 95.154+0.16 | 94.30+0.12 | 93.42+0.04 | 90.75+0.35

Weighted Peak | 96.50+0.07 | 95.79+0.06 | 94.40+£0.05 | 93.70+0.16 | 93.62-0.09

C2D+DM (ours) | Final | 96.40+0.21 | 95.56£0.07 | 94.24+0.09 | 93.54+0.13 | 92.83+0.21

4.2 Results and Analysis

The results for the application of our proposed
method to the CIFAR-10 dataset are shown in Table 3,
where a comparison with the results of the original
method is provided. The results show that, when us-
ing our importance weighting scheme, the accuracy
results generally improve over that of C2D+DM, and
it never performs worse. Indeed, except for a noise
level of 80%, our method delivers consistent improve-
ments over its non-weighted counterpart. This con-
firms our hypothesis that the overall efficiency of the
algorithm can be improved by focusing the learning
effort in those classes that the model is having more
difficulty to learn. Moreover, it also validates our
weighting strategy based on the F; score proposed in
Equation (3).

A detailed illustration of the weights values
throughout the learning process is provided in Fig-
ure 3. It shows that the weights for a given class re-
main coherent through the learning phase, since we
are able to clearly identify each class (corresponding
to a particular color) through the weights plot. They
also show that the weights for each class converge to a
particular value, which is determined by the F; score
that the model is able to get for each particular class
as the learning progresses.

4.3 Ablation Study

In this section, we study the effect of weights in the
Lq; and Ly, terms individually. We show the results
of this ablation study in Table 4. They show that when
the weights are applied to only one of the two con-
sidered terms (L and L), the accuracy is inferior
to the case in which the weights are included in both
losses.

S CONCLUSIONS

In this paper, we propose a class-conditional dynam-
ically weighted Contrast to Divide algorithm, where
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1.08
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0 50 100 150 200 250 300 350
Figure 3: Illustration of the weights assigned to each class
(y-axis) during 355 training epochs (x-axis, 5 warm-up
epochs + 355 of DivideMix). The results are generated us-
ing the weights of a single network. Each color corresponds
to a different class in the dataset (total of 10).

Table 4: Ablation study. The entries for C2D+DM and
weighted C2D+DM is mean over five runs, whereas the
other two are mean over two runs.

80% 90%
Method (h=30) | (h, =40)
Peak | 94.4010.04 | 93.5720.00
C2DDM | b1 | 94.3000.12 | 93.42+0.04
Weights in | Peak | 94.2310.12 | 93.6810.00
Ly Only | Final | 94.1140.16 | 93.5140.16
Weights in | Peak | 94.2810.06 | 93.5810.00
Lreg Only | Final | 94.110.05 | 93.37+0.11
Weighted | Peak | 94.4050.05 | 93.7050.16
C2D+DM | Final | 94.2440.09 | 93.544+0.13

the weights emphasize the learning behaviour of in-
dividual classes. Here, we use a per-class importance
weighting scheme based on F1-score obtained in each
epoch. Our importance weighting approach proved to
outperform the state of the art for the CIFAR-10 data
set in all the noise rates. We studied the behavior of A,
in different noise rates and also analysed the weights
throughout the learning process. The results prove the
effectiveness of the proposed scheme on an existing
state of the art LNL approach.
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Although, the algorithm has shown performance
improvements, it is important to study the behaviour
in more complex data sets such as CIFAR-100, Cloth-
ing 1M and WebVision. In this paper, we have used
Fl-score to create the weights, however, other meth-
ods have to be studied to compute the weights per
class, which can eventually improve the results pre-
sented here. This information regarding the perfor-
mance per class (i.e., F] score or other) can be used
to improve other stages of the original DivideMix al-
gorithm, such as, for example, the division between
clean and noisy data.
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