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Abstract: This article explores the application of text classification algorithms based on deep learning in data mining. By
reviewing the existing literature, the application of convolutional neural network (CNN), recurrent neural network (RNN) and
transformer (Transformer) in text classification is introduced, and related research on data mining and analysis is analyzed.
The experiment used the IMDB movie review data set to verify the effectiveness of the deep learning model through data
preprocessing, feature extraction and model training. The experimental results show that the model's accuracy on the test set is
86%, the precision rate is 85%, the recall rate is 88%, and the F1 value is 86%. Research shows that deep learning models can
significantly improve text classification performance. This article also discusses the significance, limitations and future
research directions of the research findings, including improvements in data acquisition and annotation, computing resource

optimization, and model interpretability.
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1 INTRODUCTION

The rapid development of information technology has
led to exponential growth in the amount of text data. How to
extract valuable information from massive texts has become
a core issue in the field of data mining and analysis. Deep
learning, as an advanced data processing technique, performs
well in text classification tasks. This paper aims to explore
the application of deep learning based text classification
algorithms in data mining, analyze their theoretical basis, and
propose improvement solutions.

The objective of this study is to explore the application
of deep learning models in text classification through
theoretical analysis and propose optimization solutions. The
specific methods include: reviewing existing literature to
understand the current application status of deep learning in
text classification and data mining; Analyze the theoretical
basis of deep learning models and explore their advantages
and disadvantages in text classification tasks; Propose an
optimized deep learning model and validate its effectiveness
through theoretical analysis.

2 LITERATURE REVIEW

2.1 APPLICATION OF DEEP LEARNING IN TEXT
CLASSIFICATION

In recent years, deep learning has made significant
progress in the field of text classification. Traditional text
classification methods rely on manual feature extraction and
shallow models, while deep learning significantly improves
classification performance through automatic feature
extraction and multi-layer neural network structures.
Common deep learning models include:

Convolutional Neural Network (CNN): CNN extracts
local features of text through convolutional layers and is
suitable for short text classification tasks. Its advantage lies
in the ability to capture local patterns in text and has high
computational efficiency.

Recurrent Neural Network (RNN): RNN processes
sequence data through a cyclic structure and is suitable for
long text classification tasks. Its variants, Long Short Term
Memory Network (LSTM) and Gated Recurrent Unit (GRU),
can effectively solve long-distance dependency problems.

Transformer: Transformer captures global
dependencies in text through self attention mechanism and is
suitable for wvarious text classification tasks. The
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representative models BERT and GPT perform well in
multiple natural language processing tasks.

2.2 RESEARCH ON DATA MINING AND ANALYSIS

Data mining and analysis is the process of extracting
valuable information from large amounts of data. Text data
mining involves multiple stages, including:

Text preprocessing: includes steps such as word
segmentation, stop word removal, and stem extraction, aimed
at converting the original text into a format suitable for
analysis.

Feature extraction: Traditional methods include TF-IDF
and bag of words models, while deep learning methods
extract text features through word vectors (such as Word2Vec,
GloVe) and contextual embeddings (such as BERT).

Pattern recognition: Identify patterns and structures in
text through clustering, classification, and other methods.
Deep learning models perform well in this aspect, being able
to automatically learn complex patterns in text.

Information extraction: Extracting specific information
from text, such as named entity recognition, relationship
extraction, etc. Deep learning methods perform well in
information extraction tasks, improving the accuracy and
efficiency of extraction.

2.3 ANALYSIS OF THE ADVANTAGES AND
DISADVANTAGES OF EXISTING METHODS

Although deep learning has achieved significant results
in text classification and data mining, there are still some
challenges and shortcomings:

Data requirements: Deep learning models typically
require a large amount of annotated data for training,
resulting in high data acquisition costs. To address this issue,
researchers have proposed semi supervised learning and
transfer learning methods, which reduce dependence on
labeled data by utilizing unlabeled data and pre trained
models.

Computing resources: The training process of deep
learning models is complex and consumes a large amount of
computing resources. Model compression and acceleration
techniques, such as model pruning, quantization, and
knowledge distillation, can reduce computational resource
consumption while ensuring model performance.

Interpretability: The interpretability of deep learning
models is poor, making it difficult to understand their internal
working mechanisms. To address this issue, researchers have
proposed explainable artificial intelligence (XAIl) methods
that enhance the transparency and credibility of models by
visualizing and interpreting their decision-making processes.

3 THEORETICAL BASIS

3.1 BASIC CONCEPTS AND PRINCIPLES OF DEEP
LEARNING

Deep learning is a machine learning method based on
artificial neural networks, which models and predicts
complex data through the connection and weight adjustment
of multiple layers of neurons. The core idea is to extract high-
level features from raw data through layers of abstraction.
Common deep learning models include feedforward neural
networks (FNN), convolutional neural networks (CNN),
recurrent neural networks (RNN), and transformers.

3.2 THEORETICAL FRAMEWORK OF TEXT
CLASSIFICATION ALGORITHM

Text classification is the process of assigning text data
to predefined categories, typically consisting of the following
steps:

Text preprocessing: Convert the original text into a
format suitable for analysis, including word segmentation,
stop word removal, stem extraction, etc.

Feature extraction: Similar to feature extraction in data
mining, in this step, text is typically converted into numerical
features. Traditional methods include TF-IDF and bag of
words models, while deep learning methods extract features
through word vectors (such as Word2Vec, GloVe) and
contextual embeddings (such as BERT).

Model training: Train features using classification
algorithms, including Naive Bayes, Support Vector Machine
(SVM), and deep learning models such as CNN RNN |
Transformer)

Model evaluation: Evaluate the effectiveness of the
model through cross validation and performance metrics such
as accuracy, precision, recall, and F1 score.

3.3 BASIC METHODS OF DATA MINING AND
ANALYSIS

Data mining and analysis is the process of extracting
valuable information from large amounts of data, involving
multiple stages:

Data preprocessing: including steps such as data
cleaning, data integration, data transformation, and data
reduction, aimed at improving data quality and analysis
efficiency.

Pattern recognition: ldentify patterns and structures in
data through clustering, classification, association rule
mining, and other methods. Deep learning models perform
well in this aspect, being able to automatically learn complex
patterns in data.

Information extraction: Extracting specific information
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from data, such as named entity recognition, relationship
extraction, etc. Deep learning methods perform well in
information extraction tasks, improving the accuracy and
efficiency of extraction.

Visualization of Results: Displaying data analysis
results through charts and visualization tools to help
understand and interpret patterns and trends in the data.

4 METHODS AND MODELS

4.1 THEORETICAL ANALYSIS OF DATA
PREPROCESSING AND FEATURE EXTRACTION

Data preprocessing is a crucial step in text classification,
aimed at improving data quality and analysis efficiency.
Mainly includes:

Word segmentation: Breaking down text into words or
phrases, commonly used methods include rule-based
segmentation and statistical segmentation.

Remove stop words: Remove common words that are

irrelevant to classification, such as "de", "is", etc.

Stemming: Restoring words to their root form and
reducing feature dimensions.

In terms of feature extraction, traditional methods
include TF-IDF and bag of words models. The TF-IDF
formula is:

TF-IDF(t,d) = TF(t,d) x IDF(t)

The calculation formulas for word frequency (TF) and
inverse document frequency (IDF) are:

fra
TF(t,d) = =——
( ) Zt’ed ft’,d
IDE®) =log e Dt e ay |

Deep learning methods use word vectors (such as
Word2Vec, GloVe) and contextual embeddings (such as
BERT) to capture semantic relationships between words.

4.2 DESIGN AND THEORETICAL
IMPLEMENTATION OF DEEP LEARNING
MODELS

Deep learning models perform well in text classification,
with commonly used models including:

Convolutional Neural Network (CNN): Extracting local
features of text through convolutional layers, suitable for
short text classification. Its advantage lies in the ability to
capture local patterns in text and has high computational
efficiency. The mathematical expression for convolution
operation is:

Vij = E E Xit+m,j+n * Wmn
m n

Among them, x represents the input feature map, w
represents the convolution kernel, and y represents the output
feature map.

Recurrent Neural Network (RNN): Processing sequence
data through a recurrent structure, suitable for long text
classification. LSTM and GRU variants can effectively solve
long-distance dependency problems. The state update
formula for RNN is:

htZO'(Wh'ht_1+V|/;C'xt+b)

Among them, ht represents the current hidden state, h (t-
1) represents the previous hidden state, xt represents the
current input, Wh and Wx represent the weight matrix, b
represents the bias term, and o represents the activation
function.

Transformer: Capturing global dependencies in text
through self attention mechanism, suitable for various text
classification tasks. The representative models BERT and
GPT perform well in multiple natural language processing
tasks. The calculation formula for self attention mechanism
is:

. QKT
Attention(Q, K, V) = softmax \/d_ %4
k
Among them, Q, K, and V represent the query, key, and
value matrices, respectively, and dk represents the dimension
of the key.

4.3 THEORETICAL EXPLORATION OF MODEL
TRAINING AND OPTIMIZATION METHODS

The model training adopts forward propagation and
backward propagation algorithms, and achieves model
optimization by adjusting weights and biases. Common
optimization methods include:

Gradient descent: By calculating the gradient of the loss
function and gradually adjusting the model parameters,
commonly used variants include stochastic gradient descent
(SGD) and batch gradient descent.

Adam optimizer: Combining momentum and adaptive
learning rate methods can accelerate convergence and
improve training effectiveness.

To improve model
techniques can be used:

performance, the following

Regularization: By adding penalty terms to prevent
model overfitting, commonly used methods include L1
regularization and L2 regularization.

Dropout: Randomly discarding some neurons during the
training process to prevent overfitting and improve the
model's generalization ability.
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Data augmentation: By transforming and expanding the
training data, increasing data diversity and improving the
robustness of the model.

In training tasks related to CNN, further optimization
can also be achieved by adjusting the hyperparameters of the
pre trained model, using methods such as Grid Search
Enhanced with Coordinated Ascent (GSECA) or Hyperband.

5 EXPERIMENTAL DESIGN AND
RESULT ANALYSIS

5.1 EXPERIMENTAL DESIGN

To verify the effectiveness of the deep learning model
proposed in this paper in text classification tasks, we designed
a simple experiment. The experimental steps are as follows:

Dataset selection: Choose a publicly available text

classification dataset, such as the IMDB movie review dataset.

Data preprocessing: Preprocessing data, including steps
such as word segmentation, stop word removal, and stem
extraction.

Feature extraction: Use word vectors (such as
Word2Vec) to extract features from text.

Model training: Use Convolutional Neural Networks
(CNN) to train the extracted features.

Model evaluation: Evaluate model performance through
metrics such as accuracy, precision, recall, and F1 score.

5.2 EXPERIMENTAL RESULTS

The experimental results show that the deep learning
model proposed in this paper performs well in text
classification tasks. Specifically, Convolutional Neural
Networks (CNNs) can effectively extract local features of
text, capture patterns in the text, and thus improve
classification performance.
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FIGURE 1. TRAINING AND VALIDATION ACCURACY

The experimental results showed that the accuracy of
the model on the test set reached 86%, with an accuracy of

85%, a recall of 88%, and an F1 score of 86%. These
indicators indicate that deep learning models have high
accuracy and robustness in processing text classification tasks.
The accuracy and loss values of the experiment on the
training and validation sets are shown in Figure 1 and Figure
2.
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FIGURE 2. TRAINING AND VALIDATION LOSS VALUES

5.3 RESULT ANALYSIS

Through the analysis of the experimental results, we can
draw the following conclusions:

Model advantage: Deep learning models can
automatically extract text features, significantly improving
classification performance.

The importance of data preprocessing: Data
preprocessing has a significant impact on model performance,
and reasonable preprocessing steps can improve the accuracy
of the model.

Selection of feature extraction methods: Word vector
methods can capture semantic relationships between words
and improve classification performance.

6 DISCUSSION

6.1 SIGNIFICANCE AND IMPACT OF RESEARCH
FINDINGS

The research findings in this paper have important
theoretical and practical significance. Firstly, this paper
validates the effectiveness of deep learning models in text
classification tasks, further demonstrating the broad
application prospects of deep learning in the field of natural
language processing. Secondly, the optimization scheme
proposed in this paper, such as data preprocessing, feature
extraction, and model optimization techniques, provides new
ideas and methods for improving text classification
performance. These research results not only contribute to the
development of text classification technology, but also
provide reference and inspiration for other natural language
processing tasks such as sentiment analysis, named entity
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recognition, etc.

6.2 RESEARCH LIMITATIONS AND FUTURE
WORK

Although this paper has achieved certain research
results, there are still some limitations. Firstly, deep learning
models typically require a large amount of annotated data for
training, resulting in high data acquisition costs. In the future,
semi supervised learning and transfer learning methods can
be explored to reduce reliance on annotated data. Secondly,
the training process of deep learning models is complex and
computationally intensive. In the future, research can be
conducted on model compression and acceleration techniques
(such as model pruning, quantization, and knowledge
distillation) to reduce computational resource consumption
while ensuring model performance. Finally, the
interpretability of deep learning models is poor, making it
difficult to understand their internal working mechanisms. In
the future, interpretable artificial intelligence (XAI) methods
can be studied to improve the transparency and credibility of
models by visualizing and interpreting their decision-making
processes.

7 CONCLUSION

7.1 RESEARCH SUMMARY

This paper explores the application of deep learning
models in text classification tasks through theoretical analysis
and experimental verification, and proposes optimization
solutions. The experimental results show that deep learning
models can automatically extract text features and
significantly improve classification performance. Reasonable
data preprocessing steps and feature extraction methods have
a significant impact on model performance and can improve
classification accuracy and efficiency. By using
regularization, Dropout, and data augmentation techniques, it
is possible to effectively prevent model overfitting and
improve the model's generalization ability.

Future research can improve in areas such as data
acquisition and annotation, optimization of computing
resources, and model interpretability. Explore semi
supervised learning and transfer learning methods to reduce
dependence on annotated data; Research model compression
and acceleration techniques to reduce computational resource
consumption while ensuring model performance; Research
on explainable artificial intelligence (XAI) methods to
enhance the transparency and credibility of models by
visualizing and interpreting their decision-making processes.
These improvements will further promote the application and
development of deep learning in text classification and other
natural language processing tasks.
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