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Abstract

Overfitting, a common problem in Machine Learning, occurs when a predictive model
learns the noise in the training data instead of the true underlying patterns and converges
to perform very well with the training data but poorly with unseen data. Models that
overfit cannot be deployed in practice. Regularization is a technique typically used to
help a model better generalize. This is usually achieved by adding a penalty term in
the loss function to discourage the model from fitting noise, making it more robust to
noise in the data and, therefore more generalizable. One method of regularization is to
take some of the concentration (called Smoothing Ratio (SR)) from the data sample’s
ground truth label and distribute it uniformly among all the other labels during training.
This method is called label smoothing and is a simple yet effective method to improve
generalization. In this work, we explore what happens if we distribute the SR to the
non-ground truth labels based on how closely they are related to the ground truth label,
instead of uniformly. We call this approach of distributing the SR based on relation
between labels as Preferential Label Smoothing (PLS). PLS represents a more unified
approach of performing label smoothing. Ordinary uniform label smoothing becomes
pointless as the number of labels becomes large since the SR proportion distributed per
label becomes negligible. PLS is inconsequential in the case of binary classification, since
there are only two labels. Therefore, we investigate the effects of PLS when the number
of labels in the dataset is high. We also examine the effects of uniform and preferential
label smoothing, as well as the absence of label smoothing, on the training dynamics.
We demonstrate our study on image classification and text classification.
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1. Introduction

In this work, we address the fundamental problem of overfitting. An overfitted machine
learning model does not generalize well to unseen data. A useful machine learning model
must be able to generalize well. There are many methods to prevent overfitting and therefore
help models generalize better and eventually improve a model’s performance in the task it
is intended to do. Szegedy et al. [1] proposed one such mechanism for preventing overfitting
and overconfidence in Neural Network (NN) - based models called Label Smoothing. The
idea is to use soft labels instead of hard labels (one-hot encoding) while training a model,
i.e. distributing some concentration from the ground truth label to all the labels uniformly
rather than having full concentration on one ground truth label and no concentration on
non-ground truth labels. We refer to this method as Uniform Label Smoothing (ULS).

As an illustrative example, if we are learning to classify images of animals into cats, dogs,
mice, chicken and fish, when presented with an image of a cat during learning, we would
say it is for instance 99% a cat and distribute the remaining 1% (called smoothing ratio)
uniformly among the other classes — ,i.e., 0.25% for each of dog, mouse, chicken and fish.

ULS [1] has a shortcoming that we illustrate through an example of emotion classification
for text in Figure 1. Given a sentence, the goal is to determine which emotion class the
sentence belongs to. In Figure 1, the ground truth vector A is a one-hot encoded vector
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[Admiration [0 [0.0037
Amusement 0 0.0037
Anger 0 0.0037
Annoyance 0 0.0037
Approval 0 0.0037
Caring 0 0.0037
Confusion 0 0.0037
Curiosity 0 0.0037
Desire 0 0.0037
Disappointment 0 0.0037
Disapproval 0 0.0037
Disgust 0 0.0037
Embarrassment 0 0.0037
Excitement 0 0.0037
"Right? Considering it's such an important document, | Fear 0 0.0037
should know the damned thing backwards and Gratitude 1 0.9037
forwards... thanks again for the help!” ?Qr;,er 3 3;383?
Love 0 0.0037
Nervousness 0 0.0037
Optimism 0 0.0037
Input sentence Pride 0 0.0037
Realization 0 0.0037
Ground truth label : Gratitude Relief 0 0.0037
Remorse 0 0.0037
Sadness 0 0.0037
surprise] Q] 0.0037)
A B

Figure 1. An example of emotion classification from a given sentence. There is an input
sentence with ground truth label Gratitude There are a total of 27 plausible classes of
emotion. A shows the one-hot encoded vector of the ground truth. B shows the ground
truth vector after label smoothing as suggested by Szegedy et al. [1]

while the embedded vector B used for training is the result of the label smoothing operation
proposed by Szegedy et al. [1]. Although this type of arrangement would help in preventing
overfitting, it unnecessarily gives equal importance to some classes which do not have any
relationship with the true label. The same is true for the example of the images above.
While a cat is relatively close to a dog and therefore sharing a small part of its label is not
surprising, sharing a portion of the cat label with a fish and therefore conceding resemblance
could be alarming. In Figure 1, if the true label of a sentence is gratitude, then it is more
likely for the sentence to express closer emotions such as joy or excitement than farther ones
like disgust or remorse.

The label smoothing approach suggested by Szegedy et al. [1] appears to indiscriminately
(equally) distribute the label concentration among all the non-ground truth labels. From
the example in Figure 1, it is intuitive that an approach where the label concentration is
distributed based on relationships between the ground truth label and the non-ground truth
label might be more appropriate. We propose the idea of distributing concentration to non-
ground truth labels based on how close or far in relationship the non-ground truth labels
are from the ground truth label. We call this approach Preferential Label Smoothing
(PLS).

To the best of our knowledge, prior work does not focus on text classification. Our
experiments involve both text classification and image classification. We also bridge the gap
in label smoothing research, where the effects of label smoothing on the training dynamics
of the NN are missing. This work seeks to answer the following questions in the context of
multi-class classification (more than two classes) problems:

(1) Does PLS help improve model performance? ULS has helped in improving
the performance of NN for image classification [1]. Hence, we verify whether PLS
helps improve the performance of image and text classification.
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(2) Does ULS or PLS affect the training dynamics of the NN? There is no prior
work addressing this question. We use two approaches to study this - (i) effect of
changing learning rate with label smoothing on the generalization error, (ii) length
of gradients while training with different label smoothing approaches.

(3) How does PLS affect model performance when we change the number of
labels (classes) in the dataset? The idea is to identify whether PLS (or ULS) is
good for datasets which have a large number of labels or a smaller number of labels.

2. Background and Related Work

2.1. Uniform Label Smoothing

The idea behind uniform label smoothing is to modify the one-hot encoded vector of
target outputs and use a smaller concentration on the true class label. The remaining (or
taken) concentration from the true label is distributed to all the class labels uniformly. This
proportion of the true label distributed among the other classes is called the Smoothing
Ratio (SR).

Let € be the SR. For a training data sample x(*) with the ground-truth label ¢, let k
be a label among K possible labels, the concentration distribution over the ground truth
vector in the context of no label smoothing (NoLS) is ¢Vo&¥(k | x(¥)) = 6 ;, where &5, ; = 1
when k£ = t, 0 otherwise. Concentration distribution over the ground truth vector with ULS
is noted ¢U%%(k | x¥) (see Equation 2.1) and is a mixture of the original ground-truth
distribution ¢(k | ) and a fixed distribution u(k) with ratios 1 — e and e, respectively. €
decides the level of smoothing and falls between 0 and 1, usually it is a small value of the
order < 0.2. Szegedy et al. [1] proposed to use u(k) as a uniform distribution on all the
labels, so u(k) = 1/K, which gives us Equation 2.2.

qULS(k | x(i)) = (1 —€)d, + cu(k) (2.1)

: €
a"ES ([ %) = (1= )b +

Computing the cross-entropy (CE) for ¢V (k | x¥)) with the predictions p(k | x(V) gives:

Lop(@" (k| xD),pk [ x") = (1 =€) Ler(@" 5 (k| xD), p(k | x1))

+eLop(u(k),p(k | x"))

It is clear that we are replacing a single CE, Log(g p), with a pair of losses Lo g , D)
and Log(u, p). The second loss punishes deviation of prediction distribution p from the prior

u(k), with a relative ratio of ;= . We refer to this change in concentration distribution over
the ground truth label vector as Label Smoothing Regularization (LSR).

(2.3)
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2.2. Related work

Since label smoothing helps in improving generalization of deep learning models, it has
become a common practice. Many architectures use label smoothing for various tasks like
classification, speech recognition and machine translation. For machine translation, highly
cited architectures include the SEQ2SEQ [2] and the transformer model [3]. Label smoothing
was used with a transformer [3] which helped improve its BLEU score, all of which supports
usage of label smoothing.

Research in label smoothing is in its relatively initial stages. Szegedy et al. [1] introduced
LSR in 2015 as a technique to improve image classification with the inception architecture.
Not much attention was put into LSR until Miiller et al. [4] discussed the effects of label
smoothing in the domains of image classification and machine translation by studying how
the representations differ between the penultimate layer of the networks with and without



label smoothing. The visualization technique to visualize penultimate layers of the output
makes it clear that label smoothing encouraged representations in the penultimate layer to
group labels in tight, equally distant clusters. Miiller et al. [4] also show that label smoothing
helps in improving model calibration for both machine translation and image classification
tasks; label smoothing shows effects similar to temperature scaling [5]. Additionally, Miiller
et al. [4] show that LSR weakens knowledge distillation in distilled models [6]. Knowledge
distillation consists of compressing a complex “teacher” neural network into a smaller and
faster “student” network by retaining its knowledge. Although LSR improves the accuracy
of the teacher network, teachers trained with label smoothing produce less useful student
networks compared to teachers trained with hard targets. Miiller et al. [4] show that less
information passes from teachers (trained with label smoothing) to students by comparing
mutual information between the input and output of the two models. Miiller et al. [4]
spurred and encouraged more work and discussions around label smoothing.

Prior related approaches other than Szegedy et al. [1] are instance-based approaches of
label smoothing ([7-9]). In these approaches, even for the data points belonging to the
same class label, the way label concentration is distributed changes depending on the data
point. All of these previous methods can be unified under the term PLS (Preferential Label
Smoothing) even though they were not referenced as such.

3. Preferential Label Smoothing (PLS)

The idea of PLS is to distribute the SR on non-ground truth labels based on the rela-
tionship of the non-ground truth labels with the ground truth label. This relationship can
be learned from some external data or provided by an expert in the area.

We define the concentration distribution over a ground truth label vector when using
PLS as in Equation 3.1. Let 6 be an oracle function represented as a matrix, which contains
normalized values denoting information on the relationship between the ground truth label
and the non-ground truth labels. € can be constructed based on the information given by a
subject matter expert or from some external data based on relationships between the labels.

g7 (ke | x) = (1 — €)dks + eB(k) (3.1)

Computing CE for ¢"F5(k | x(?) with the predictions p(k | x(V), for k = 1... K, gives:
Lop(@™ (k| xD),pk [ x7)) = (1= €)Ler(@" 5 (k| xD), p(k | x1))
+eLop(O(k)p(k | 1))

Equation (3.2) again suggests that LSR in this case is similar to replacing a single CE
Lcop(gV°lS p) with a pair of losses Lop(¢V°F, p) and Log(6,p). The second loss pun-
ishes deviation of prediction distribution p from the prior relationship function 6(k), with a
relative ratio of

(3.2)
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4. Objectives of the Study

We study effects of NoLS (i.e., No Label Smoothing), ULS (i.e., Uniform Label Smooth-
ing), and PLS (i.e., Preferencial Label Smoothing) on the classification problem for both
image and text data. To the best of our knowledge classification with text data was not
studied in the past.



4.1. Label Smoothing and Gradients

To measure an algorithm’s generalization performance: we compute the absolute value
of the difference between the test error and the training error, corresponding to the gener-
alization error. Models trained with NoLLS might be overconfident because the largest logit
tends to become much larger than all other logits. This means theoretically, while training
with NoLS the model should go through a trajectory of higher gradients so that finally, the
logit attains a higher value. Using LSR stops the model from becoming overconfident, which
means theoretically the model should go through a trajectory of smaller gradients.

The relationship between generalization and the length of gradients while training a NN
with SGD is given by Hardt et al. [10], according to whom, for a NN trained with SGD, the
generalization error is bounded by the square of the gradients and the time taken to train.

Since NoLS does not generalize well, the generalization bound should be higher for NoLS
as compared to ULS and PLS. The training trajectory should go through the region of
higher gradients so that the generalization bound attains a higher value. This motivates us
to run a gradient-based analysis of all LSR schemes against NoLS to find out whether this
intuition is correct empirically.

4.2. Generalization and Learning Rate

The effects of LSR include benefits to the generalization error and improved accuracy.
The generalization effects of LSR are not studied with different learning rates. This is
important to study to check whether the generalization effects are as prominent at smaller
rates as they are at larger rates. Studying this will help us answer whether we can learn
faster with NoLS, ULS or PLS.

4.3. Effect of label smoothing on increasing and decreasing the number of classes

We propose PLS because we expect that using PLS would help improve classification
performance since we can distribute the concentration based on relationships between the
labels. If there were only two labels, then using PLS is not useful because there is one
ground truth label and one non-ground truth label. As we increase the number of classes
in the dataset, there are more non-ground truth labels and the labels far away from the
ground truth get less concentration, while the labels close to the ground truth label get
more concentration. Studying how this phenomenon affects the model performance would be
interesting. It is interesting because the current ULS approach [4] shows that as the number
of classes increases, the effect of label smoothing on model performance keeps decreasing to
the point that with a very high number of labels, there is no effect (the case of Imagenet),
whereas the PLS would be more interesting because it allocates more concentration to the
related labels and less concentration to unrelated labels.

5. Label Smoothing for Image Classification

Image classification can be studied under the use case of single-label and multi-class
classification or multi-label classification. For our experiments, we study image classification
for the single-label and multi-class classification problems. The goal is to study the effects
of label smoothing on model performance and training dynamics.

5.1. Datasets

We use CIFAR-10 and CIFAR-100 image datasets [11], which are standard datasets for
image classification. CIFAR-10 has 60,000 images and 10 classes. CIFAR-10 is a balanced
dataset, and each class has 6,000 images. It has 50,000 training images and 10,000 test
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Figure 2. 6 matrix for SEMLS for CIFAR-10. Diagonals are at 0 to imply that all the
SR is distributed to the non-ground truth labels.

images (5000 training and 1000 test images per class). CIFAR-100 has 60,000 images and
100 classes. CIFAR-100 is also a balanced dataset, and each class has 600 images. It has
50,000 training images and 10,000 test images, similar to CIFAR-10, but there are 500
training images and 100 test images per class. Classes in CIFAR-100 have groupings. The
100 classes in CIFAR-100 are grouped into 20 superclasses. Each image in the dataset has
two labels - (7) a “fine” label for the class it belongs to, (ii) a “coarse” label for the superclass
it belongs to. We use all the 100 fine labels.

5.2. Approaches of PLS for image classification
5.2.1. Cluster Label Smoothing - CLS

CLS is a special case of PLS where the preference is approximated by which group of
superclass a label belongs to. For instance, for training CIFAR 100 dataset, if the ground
truth label is ‘clock’ then we distribute SR among all the non-ground truth labels that come
under superclass ‘household electrical devices’ uniformly (i.e., ‘clock’, ‘computer keyboard’,
‘lamp’, ‘telephone’, ‘television’), and assign no concentration to the rest of the classes. This
type of label smoothing represents a label smoothing suggested by the data expert, i.e., the
curators of the CIFAR-100 dataset.

5.2.2. Semantic Label Smoothing - SEMLS

Semantic Label Smoothing is a special case of PLS where the preference is approximated
by semantic similarity among the labels. We use the word vectors from GloVe embeddings
[12] to get the vector representations of the labels in the CIFAR-10 and CIFAR-100 datasets.
Using the vector representation, we compute the Euclidean distance between the labels. The
distances between the labels represent how far away they are from each other. The inverse
of the distances between the labels represents the similarity between the labels.

Figure 2 depicts the 6 matrix (introduced in Section 3) for CIFAR-10 dataset. Each cell
in the 6 matrix contains the fraction of the SR concentration that should be assigned to the
column label if the row is a ground truth label. These values are obtained after normalizing
the similarity values between labels for each row (the diagonal cells are set to 0).



6. Experiments and Results for Image Classification

6.1. Experimental Setup

ResNet-18 and ResNet-34 models [13] are trained with CIFAR-10 and CIFAR-100 datasets.
From the 50K images, 40K images (selected randomly) are used for training and the re-
maining 10K images are used for parameter tuning. We use CE loss and SGD for training.
The output of the last layer of ResNet-18 and ResNet-34 is passed through a softmax layer
before computing the CE loss. We use Nesterov momentum [14] = 0.9 as an optimizer along
with SGD for optimization, and mini-batch size is kept 128. For ResNet-18 and ResNet-34
architectures, we use Kernel size = 3 x 3, Stride = 1, average pooling is used for the pooling
layer and the ReLu activation [15] function is used for the fully connected layers. We employ
Batch Normalization [16] to prevent exploding gradients.

6.2. Impact of label smoothing on model performance

We use NoLS, ULS and PLS for the experiments here. For CIFAR-100, we use both CLS
and SEMLS approaches, and just SEMLS for CIFAR-10. Each of the experiments is run
five times at different random seeds. For each run of the experiment, validation loss is used
as the criterion for early stopping [17]. We start training with a learning rate of 0.1 and
decrease the learning rate twice - after 40 epochs and after 80 epochs, by a factor of 10
times. Weight decay used is 0.0005. We use accuracy as the performance measure following
the approach of Miiller et al. [4]. The results on the test set are presented in Table 1 for
CIFAR-10 and CIFAR-100.

Dataset + Model

NoLS

ULS

CLS

SEMLS

CIFAR-10 + ResNet-18

93.809 £ 0.487

94.085 £+ 0.273

na

94.112 + 0.568

CIFAR-10 + ResNet-34

93.762 + 0.578

93.557 £+ 0.608

na

93.793 + 0.514

CIFAR-100 + ResNet-18

72.789 £ 0.435

72.665 £+ 0.323

72.618 + 0.724

72.798 £+ 0.247

CIFAR-100 + ResNet-34

71.839 £ 0.668

71.902 £ 0.787

72.813 + 0.689

71.78 £ 0.912

Table 1. Top-1 classification accuracies (mean =+ standard deviation for five runs) of
CIFAR-10 and CIFAR-100 dataset with ResNet architectures trained with NoLS, ULS,
CLS and SEMLS. The results here are in percentage.

The results in Table 1 suggest that when it comes to overall accuracy, CLS and SEMLS
(both of which are special cases of PLS) are slightly better than NoLS and ULS for all
of the four cases. However, we see that CLS in case of CIFAR-100 and ResNet-34 seems
to do slightly better than SEMLS which means that the relationship chosen among the
labels matters. Both CLS and SEMLS represent relationships from two different sources of
information (CLS comes from knowledge of CIFAR-100 data curators, and SEMLS comes
from the semantic similarity between the class labels). We see that there is a difference in
the results when we change this relationship function, suggesting that if these relationships
are chosen precisely and carefully, then model performance could be further improved. (For
instance, in the case of CLS, right now we are distributing concentration uniformly among
the labels that belong to the same superclass, i.e., for ‘aquatic mammals’ the label ‘beaver’
is close to the label ‘dolphin’, if a zoologist gives us a better relationship between these
labels, then we can use that relationship for the CLS).

ULS is better than NoLS twice and worst twice. If we take into account the standard
deviation, we can notice that the confidence of all label smoothings overlap with each other.
The same observation is made in the results by Miiller et al. [4]. In their work, there is
an overlap in confidence intervals of models trained on CIFAR-10 and CIFAR-100 datasets.
Although they use different models than ours, the observation is consistent with ours -
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(a) LR = 0.1. (b) LR = 0.01. (¢) LR = 0.001. (d) LR = 0.0001.

Figure 3. Generalization error for ResNet-18 trained on CIFAR-~100 with different learn-
ing rates (LR).

overlapping of confidence intervals. Since the confidence intervals here are overlapping, we
expect the overlap to happen in the generalization error too.

6.3. Training Dynamics

We use NoLS, ULS and SEMLS for the experiments here. The goal is to study how label
smoothing affects the training dynamics of a classifier. Since weight decay brings extra
regularization to the models, we keep our models free of weight decay so that we can isolate
the effect of label smoothing. Getting the best accuracy is not the goal of these experiments
rather the goal is to study the training dynamics such as - (i) interdependence of gradient
norms, learning rate and the type of smoothing while training, (i¢) interdependence of
generalization error, learning rate and type of smoothing while training.

We keep SR = 0.1. We use four different learning rates of [0.1,0.01,0.001,0.0001] to train
the classifiers and keep the learning rate constant throughout one training run. This helps us
in analysing how changing the learning rate may affect the gradient norm and generalization
error with different label smoothing approaches. We train for up to 250 epochs and observed
while running experiments that the training loss and test loss changed significantly for all
the learning rates (except 0.0001) within the first 100 epochs and did not change after 150
epochs, therefore we present our plots for up to 160 epochs so that the difference between
the plots of ULS and SEMLS is visible. All the results depicted in the forthcoming plots
are averaged over five runs.

6.3.1. Generalization and learning rate

Inferences from generalization plots From the plots in Figure 3, depicting the gen-
eralization error for ResNet-18 trained on CIFAR-100 with different learning rates, it is
evident that the generalization error saturates after about 100-120 epochs except for the
plots for the learning rate of 0.0001, indicating that 0.0001 is not reaching the saturation
state and so it is not a good learning rate to train and there is no benefit of adding any
label smoothing when using such a small learning rate. At learning rates of [0.1,0.01,0.001],
from the plots, it is clear that the generalization curves are overlapping for different la-
bel smoothing methods. Similar patterns are observed when using ResNet-34 or training
with CIFAR-10. Plots are not reported here for lack of space. For CIFAR-100, ULS and
SEMLS perform better than NoLS in terms of generalization error but they also overlap
very strongly. Overlapping of generalization error is an expected behaviour since the ac-
curacy measures are also overlapping. This suggests that both ULS and SEMLS are more
advantaged with CIFAR-100 when the learning rate is high, this can be due to the large
number of classes in CIFAR-100.
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(a) LR = 0.1. (b) LR = 0.01. (¢) LR = 0.001. (d) LR = 0.0001.

Figure 4. Gradient norms obtained while training ResNet-34 on Cifar-10 dataset across
three smoothing at four different learning rates (LR).

6.3.2. Gradient Norm

The work of [10] suggests that generalization error is directly proportional to the square
of Lipschitz constant, which is proportional to the gradient norm of the weights of the
network. Hence, we compare gradient norms as the training progresses for the different
label smoothing approaches to assess their generalizability. The plots for gradient norm are
presented in Figures 4 and 5. We report a few observations on expriments using ResNet-18
and ResNet-34 trained on both CIFAR datasets in the following.

(1) Gradient norms of models trained on CIFAR-10 (Figure 4) with ULS and SEMLS
are smaller than the gradient norms of models trained with NoLS, which explains why the
models trained using NoLS have slightly more tendency to overfit. Except at the end of the
training phase, the norms of the models trained with NoLS are closer to the ones trained with
ULS and SEMLS. The reason is - the training and test loss do not change by that point.
(2) Gradient norms of models trained on CIFAR-100 (Figure 5) with ULS and SEMLS
are smaller than those with NoLS for the beginning part of the training but the situation
changes around 80 epochs (except for learning rate = 0.1). (3) For the learning rate of 0.1
in all cases, the gradient norm for models trained with NoLS is larger than those trained
with ULS and SEMLS which might be due to the fact that with a higher learning rate,
the optimizer can move away from the region of non-optimality more quickly, and so the
consistency of the gradient norms is maintained through the training process. (4) Gradient
norms when using ULS and SEMLS on CIFAR-100 are very close to each other, there is
a very fine gap between the blue curve and green curve whereas the gap between the blue
curve and green curve is larger in the case of CIFAR-10. This may be due to the fact that
there are 100 labels in CIFAR-100, when distributing SR among the non-ground truth labels
in CIFAR-100, each gets a smaller label concentration such that ULS and SEMLS end up
assigning the same concentration to the non-ground truth labels. (5) The Gradient norm for
all label smoothings, models and datasets increases as the learning rate is decreased since,
by decreasing the learning rate, the optimizer moves more slowly to the region of optimality.
(6) When the learning rate is 0.0001, no learning is happening and the gradients behave
very differently than with other learning rates. This is because the learning rate of 0.0001
is too small and the optimizer is not able to proceed toward a region where it can actually
help reduce the training and testing loss.

7. Experiments and results for Text Classification

We use three emotion datasets to show effects of label smoothing on text classification,
the datasets that we use are single labelled and described subsequently. TEC - Twitter
Emotion Corpus [18] has 21,051 instances and it is an unbalanced dataset with six emo-
tions distributed as follows - joy: 39%, sadness: 18%, surprise: 18%, fear: 13%, anger: 7%,
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(a) LR = 0.1. (b) LR = 0.01. (¢) LR = 0.001. (d) LR = 0.0001.

Figure 5. Gradient norms obtained while training ResNet-18 on Cifar-100 dataset across
three smoothing at four different learning rates (LR).

disgust: 4%. CBET - Cleaned Balanced Emotional Tweets [19, 20| has 76,860 in-
stances and it is a balanced dataset with nine emotions as follows - anger, surprise, joy, love,
sadness, fear, disgust, guilt, thankfulness. ISEAR - International Survey on Emotion
Antecedents and Reactions [21] has 7,666 instances and it is a balanced dataset with
seven emotions as follows - joy, fear, anger, sadness, disgust, shame, guilt. TEC and CBET
were formed using tweets from twitter while ISEAR was human-annotated.

For evaluating the PLS model performance, the LSTM [22] model is trained. We use
5-fold cross-validation, with the train-test split ratio of 4:1. For splitting data, a stratified
split is used. The results for experiments on ISEAR, TEC and CBET with different label
smoothing approaches are presented below in Table 2. The reported results are average
and standard deviation. SEMLS has a slightly better performance for ISEAR (well-curated

Dataset No. NOLS ULS SEMLS
ISEAR 58.02 + 3.82 58.71 + 3.13 59.06 + 3.51
TEC 52.12 £+ 3.73 51.84 + 3.31 51.48 + 3.41
CBET 56.01 + 3.97 56.88 + 3.62 57.02 + 3.23

Table 2. Macro averaged F1 score (mean + standard deviation) on emotion classification
datasets trained with LSTM model with NOLS, ULS and SEMLS. The results here are
in percentage.

dataset made by human annotations) and CBET (dataset which has more training samples
than the other two). There can be an explanation for this - (i) ISEAR case - SEMLS might
be capturing the relationship between emotion labels, while annotating the data it might
be possible that humans are also considering the relationship of labels with the sentence
they are annotating. (i¢) CBET case - SEMLS might be working slightly better because
this dataset is larger than the other two.

7.1. Effect of Label Smoothing on Changing the Number of Classes

For experiments related to the effect of changing the number of classes in a dataset, we
take CBET dataset and vary the number of classes in the dataset, i.e., we sample sets of
three datasets with 3, 5 and 7 classes from the CBET dataset. We averaged the results of
three random samples for each representation of the number of classes. The results of this
experiment are presented in Table 3. From the table, it is not certain which label smoothing
has the best performance with the change in the number of classes in the dataset, but on
average SEMLS achieves the best performance using CBET. Additional tests with a text
dataset with a larger number of classes are necessary.



NoLS ULS SEMLS
3 classes 57.54 £3.23 58.00 £ 3.41 58.14 +3.21
5 classes 57.14 £ 3.43 57.25 £ 3.50 57.29 +3.48
7 classes 57.05 £ 3.29 57.36 +3.36 57.29 £3.28
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Table 3. Macro averaged F1 score (mean + standard deviation) on emotion classification
datasets of 3 classes, 5 classes and 7 classes sampled from CBET, trained with LSTM
with NOLS, ULS and SEMLS. The results here are in percentage.

8. Conclusion

In this work, we explored the concept of PLS (Preferential Label Smoothing) - assign-
ing label concentration to non-ground truth labels based on their relationship with the
ground truth label. We introduced two possible approaches for PLS: (1) CLS (Cluster La-
bel Smoothing), where the preference is approximated by the group of superclass a label
belongs to, such as superclasses in CIFAR-100. This type of label smoothing represents a
label smoothing suggested by the expert of the field, i.e., the curators of the CIFAR-100
dataset; (2) SEMLS (Semantic Label Smoothing) which is based on the distance between a
word embedding representation of the label words.

We evaluated the performance of classification models when trained with uniform (ULS)
and No label smoothing (NoLS), as well as the two instances of PLS, i.e., CLS and SEMLS,
on image and text. We found that SEMLS works slightly better on the CIFAR-10 image
dataset and that the choice of the chosen preferential function makes a difference for the
dataset with a larger set of labels, i.e., CIFAR-100. For Text Classification, we found that
SEMLS is slightly better for datasets created using human knowledge (ISEAR) or containing
relatively large samples (CBET).

We also studied the PLS model performance when the number of classes in the dataset
is changed for text classification. We varied the number of classes in the CBET dataset and
observed the macro-averaged F1-score. The results were inconclusive because the confidence
intervals of the scores were overlapping.

To study training dynamics, we experimented with Image classification under minimal
regularization (only label smoothing as the regularization). We examined generalization
error and smoothing approaches at different learning rates. We found that at faster learning
rates, the generalization error when using ULS or SEMLS is smaller or equal to when using
NoLS. At slower learning rates, ULS and SEMLS have higher generalization errors than
NoLS, or at very slow learning rates, training is not supported at all.

Additionally, we studied the gradient norms during the training phase of the network at
different learning rates. We observed that gradient norms of SEMLS and ULS were smaller
than those of NoLS when learning with a higher learning rate (0.1) and during the initial
training phase. This empirically suggests that ULS and SEMLS should help reach a lower
generalization bound. To the best of our knowledge, there is no prior empirical study to
verify that label smoothing helps achieve a lower generalization bound.

When the number of classes in the dataset is large, gradient norm curves of ULS and
SEMLS overlap significantly, and the same is observed for the generalization error, sug-
gesting that SR gets distributed so much that SEMLS and ULS assign close to the same
concentration to non-ground truth labels. This may be the case only for our approach of
PLS, i.e., SEMLS, but there might exist an approach of PLS which is better than ULS. For
instance, in emotion mining, a normalized co-occurence frequency of emotions in data can
provide a relationship between emotion labels that can be used as a proxy for similarity.
Another such example could be deriving PLS from the relationship among emotions given
by an expert (e.g. a psychologist).
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