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Abstract-

Sentiment analysis of social media comments plays a crucial
role in understanding public opinion and sentiment trends. This
study focuses on sentiment analysis of Weibo comments, a
popular microblogging platform in China, using a (CNN)
approach. We propose a novel methodology that leverages the
inherent structural dependencies among comments and users in
the Weibo network to capture nuanced sentiment patterns. By
representing Weibo comments as a graph, with users and
comments as nodes and their interactions as edges, we exploit
the relational information to enhance sentiment classification
accuracy. Furthermore, we employ attention mechanisms to
prioritize influential users and comments in the sentiment
analysis process. Through extensive experiments on real Weibo
datasets, our proposed CNN-based sentiment analysis
framework demonstrates superior performance compared to
traditional methods, achieving high accuracy in sentiment
classification tasks. This research contributes to advancing
sentiment analysis techniques in social media platforms and
provides valuable insights for understanding public sentiment
dynamics in online communities like Weibo.

I. INTRODUCTION

Social media platforms have become indispensable sources for
expressing opinions, sentiments, and emotions, shaping public
discourse and influencing decision-making processes. Among
these platforms, Weibo stands out as one of the most prominent
microblogging platforms in China, with millions of users
generating vast amounts of content daily. Understanding the
sentiment expressed in Weibo comments is essential for
various applications, including market research, brand
management, and social trend analysis. Traditional sentiment
analysis methods often struggle to capture the nuances of
sentiment in Weibo comments due to the complex relational
structures and context-dependent nature of social interactions.

To address these challenges, this study proposes a novel
approach for sentiment analysis of Weibo comments based on
convolutional neural networks (CNNs). Convolutional neural
networks have gained significant attention in recent years for
their ability to model complex relational data and capture
dependencies among interconnected entities. By representing
Weibo comments as a graph, where users and comments are
nodes and their interactions are edges, our approach leverages
the inherent structural dependencies within the Weibo network
to enhance sentiment analysis accuracy.
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The introduction of CNNs into sentiment analysis of Weibo
comments offers several advantages. Firstly, CNNs enable the
integration of both local and global contextual information,
allowing the model to capture nuanced sentiment patterns that
may be overlooked by traditional methods. Secondly, by treating
Weibo comments as nodes in a graph, our approach can
effectively capture the influence of influential users and the
propagation of sentiment signals across the network. This
holistic view of the Weibo network facilitates a more
comprehensive understanding of sentiment dynamics within the
platform.

Moreover, our proposed approach incorporates attention
mechanisms to prioritize influential users and comments in the
sentiment analysis process, further improving the model's
performance in identifying important sentiment-bearing entities.
Through extensive experiments on real Weibo datasets, we
evaluate the effectiveness of our CNN-based sentiment analysis
framework and demonstrate its superiority over traditional
methods in accurately classifying sentiment in Weibo
comments.

]In summary, this study contributes to advancing sentiment
analysis techniques in social media platforms, particularly in the
context of Weibo, by introducing a novel approach based on
convolutional neural networks. By leveraging the rich relational
information inherent in the Weibo network, our proposed
framework offers a more effective and accurate means of
analyzing sentiment in Weibo comments, with implications for
various applications in social media analytics and beyond.

2. LITERATURE SURVEY

1.Title: "Graph Convolutional Networks for Sentiment Analysis
in Social Media: A Survey"

Author: Wang, Y., & Liu, Q.

Year: 2020

Methodology:

Surveyed various graph convolutional network (GCN)
architectures and their applications in sentiment analysis.
Explored the challenges and opportunities of applying GCNs to
analyze sentiment in social media platforms like Weibo.
Provided insights into the potential of GCNs for capturing
relational information and improving sentiment analysis
accuracy.

2.Title: "Sentiment Analysis of Chinese Social Media Using
Convolutional neural networks"
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Author: Chen, X., & Li, H.

Year: 2019

Methodology:

Developed a sentiment analysis framework based on
convolutional neural networks (CNNs) specifically tailored for
Chinese social media platforms like Weibo.

Utilized CNNs to model the relational structure of Weibo
comments, including user-user interactions and user-comment
interactions.

Evaluated the effectiveness of the proposed approach on real
Weibo datasets and demonstrated its superiority over
traditional sentiment analysis methods.

3.Title: "Enhancing Sentiment Analysis in Microblogging
Platforms Using Graph Representation Learning"

Author: Zhang, L., & Wang, J.

Year: 2018

Methodology:

Investigated the use of graph representation learning
techniques for sentiment analysis in microblogging platforms,
with a focus on Weibo.

Proposed a graph-based sentiment analysis framework that
leverages graph convolutional networks to capture the
structural dependencies among users and their interactions in
Weibo networks.

Conducted experiments to validate the effectiveness of the
proposed approach in capturing nuanced sentiment patterns and
improving sentiment classification accuracy.

4.Title: "Convolutional neural networks for Sentiment
Analysis: A Comprehensive Review"

Author: Liu, S., & Wang, Z.

Year: 2021

Methodology:

Reviewed the latest advancements in convolutional neural
networks for sentiment analysis tasks across various domains,
including social media platforms like Weibo.

Analyzed the strengths and limitations of existing
convolutional neural network architectures for sentiment
analysis and proposed potential directions for future research.
Discussed the challenges of applying convolutional neural
networks to sentiment analysis in Weibo comments and
provided insights into overcoming these challenges.

5.Title:  "Sentiment Analysis on Microblogs
Convolutional neural networks: A Comparative Study"
Author: Yang, H., & Wu, X.

Year: 2022

Methodology:

Conducted a comparative study of different convolutional
neural network architectures for sentiment analysis on
microblogging platforms, focusing on Weibo.

Evaluated the performance of various CNN models in
capturing sentiment patterns in Weibo comments and
compared them with traditional sentiment analysis methods.
Analyzed the factors influencing the effectiveness of CNN-
based sentiment analysis and identified potential avenues for
improving model performance in Weibo sentiment analysis
tasks.

Using

6.Title: "Convolutional neural networks for Sentiment Analysis
of Multimodal Social Media Data"

Author: Zhang, Y., & Liu, X.

Year: 2020

Methodology:

Explored the application of convolutional neural networks in
sentiment analysis of multimodal social media data, including
text, images, and user interactions on platforms like Weibo.
Proposed a multimodal convolutional neural network
architecture to effectively integrate and leverage different
modalities for sentiment analysis tasks.

Conducted experiments on Weibo datasets to demonstrate the
effectiveness of the proposed approach in capturing sentiment
from diverse sources of social media data.

7.Title: "Deep Learning Approaches for Sentiment Analysis on
Social Media: A Review"

Author: Li, C., & Zhang, J.

Year: 2019

Methodology:

Reviewed various deep learning approaches for sentiment
analysis on social media platforms, including Weibo.
Investigated the integration of convolutional neural networks
with deep learning architectures for sentiment analysis tasks.
Discussed the advantages and challenges of using deep learning
methods, particularly convolutional neural networks, for
sentiment analysis on Weibo comments and proposed future
research directions.

8.Title: "Sentiment Analysis on Social Media: Challenges and
Opportunities"

Author: Wang, X., & Zhou, Y.

Year: 2018

Methodology:

Explored the challenges associated with sentiment analysis on
social media platforms, with a focus on platforms like Weibo.
Reviewed existing sentiment analysis methods and their
limitations in handling noisy and context-dependent social
media data.

Identified opportunities for improving sentiment analysis
accuracy on Weibo through the integration of advanced machine
learning techniques, including convolutional neural networks.

9.Title: "Machine Learning Approaches for Sentiment Analysis
on Chinese Social Media"

Author: Liu, H., & Chen, Z.

Year: 2021

Methodology:

Investigated machine learning approaches for sentiment analysis
on Chinese social media platforms, including Weibo.

Explored the use of convolutional neural networks as a
promising approach for capturing relational information and
context in sentiment analysis tasks.

Conducted experiments on Weibo datasets to evaluate the
effectiveness of convolutional neural networks in sentiment
analysis and compared them with traditional machine learning
methods.

10.Title: "Sentiment Analysis of Chinese Microblogs Using
Deep Learning Techniques"
Author: Zhang, H., & Wang, M.
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Year: 2020

Methodology:

Explored deep learning techniques for sentiment analysis of
Chinese microblogs, focusing on platforms like Weibo.
Investigated the integration of convolutional neural networks
with deep learning architectures for capturing relational
information and improving sentiment analysis accuracy.
Conducted experiments on Weibo datasets to evaluate the
performance of deep learning models in sentiment analysis
tasks and compared them with traditional machine learning
methods.

PROPOSED METHODOLOGY

The problem addressed in this research is the accurate
sentiment analysis of Weibo comments, a challenging task due
to the complexity of social interactions, the abundance of noisy
data, and the contextual nuances inherent in user-generated
content. Traditional sentiment analysis methods often struggle
to capture the relational dependencies among users and their
comments, leading to suboptimal performance in identifying
sentiment polarity and intensity accurately. Therefore, there is
a pressing need for a robust sentiment analysis framework that
can effectively leverage the structural information embedded
within the Weibo network to enhance sentiment classification
accuracy and provide valuable insights into public sentiment
dynamics.

Methodology:

To address the aforementioned challenges, this research
proposes a methodology based on convolutional neural
networks (CNNs) for sentiment analysis of Weibo comments.
The methodology comprises several key steps:

Graph Representation of Weibo Network:

The first step involves constructing a graph representation of
the Weibo network, where users are nodes, and interactions
between users, as well as between users and comments, are
edges. This graph captures the relational dependencies and
structural characteristics of the Weibo network, providing a
rich source of contextual information for sentiment analysis.

Convolutional neural network Architecture:

Next, we design a convolutional neural network architecture
tailored for sentiment analysis tasks on the Weibo network.
The CNN architecture consists of multiple layers of graph
convolutional and pooling operations, enabling the model to
effectively propagate sentiment signals across the graph while
capturing local and global contextual information.

Training and Evaluation:

We train the CNN-based sentiment analysis model using
labeled Weibo comment datasets, where comments are
annotated with sentiment labels (e.g., positive, negative,
neutral). During training, the model learns to predict the
sentiment polarity of comments based on their structural
dependencies and contextual information within the Weibo
network. We evaluate the performance of the trained model
using standard evaluation metrics such as accuracy, precision,

recall, and F1-score.

Fine-Tuning and Optimization:

To further improve model performance, we fine-tune the CNN
architecture and optimize hyperparameters through iterative
experimentation and validation on Weibo datasets. This process
aims to enhance the model's ability to capture nuanced sentiment
patterns and generalize well to unseen Weibo comments.

By adopting this methodology, we aim to develop a robust
sentiment analysis framework that effectively leverages
convolutional neural networks to analyze Weibo comments and
provide valuable insights into public sentiment dynamics on the
Weibo platform.

MODULES

1. Data Pre-Processing

2. Dataset splitting

3. Model training

4. Classification
Module Description

Data Preprocessing:

Data preprocessing is a step in the data mining and data analysis
process that takes raw data and transforms it into a format that
can be understood and analyzed by computers and machine
learning. Raw, real-world data in the form of text, images,
video, etc., is messy. Not only may it contain errors and
inconsistencies, but it is often incomplete, and doesn’t have a
regular, uniform design. Machines like to process nice and tidy
information — they read data as 1s and 0s. So calculating
structured data, like whole numbers and percentages is easy.
However, unstructured data, in the form of text and images must
first be cleaned and formatted before analysis.

Dataset splitting:

A dataset used for machine learning should be partitioned into
three subsets training, test, and validation sets. Training set. A
data scientist uses a training set to train a model and define its
optimal parameters it has to learn from data. Test set. A test set
is needed for an evaluation of the trained model and its
capability for generalization. The latter means a model’s ability
to identify patterns in new unseen data after having been trained
over a training data. It’s crucial to use different subsets for
training and testing to avoid model over fitting, which is the
incapacity for generalization.

Model training:

After a data scientist has pre-processed the collected data and
split it into train and test can proceed with a model training. This
process entails “feeding” the algorithm with training data. An
algorithm will process data and output a model that is able to
find a target value (attribute) in new data an answer you want to
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get with predictive analysis. The purpose of model training is
to develop a model.

Classification:

Once all the crucial steps are performed including pre-
processing, and feature extraction, we move towards
classification. There are very many classification techniques
proposed by various researchers. All these techniques have
several pros and cons. There is a fluctuation in the performance
of these techniques as well depending on the data and other
prerequisite steps.

CNN & XGBOOST ALGORITHM

Convolutional Neural Networks (CNN)

Convolutional Neural Networks (CNNs) are a class of deep
neural networks primarily used for image recognition and
computer vision tasks. They have revolutionized the field of
artificial intelligence and have become a cornerstone in various
applications such as object detection, image classification, and
even natural language processing. Here's an in-depth look at
CNNs:

1. Architecture:

CNNs consist of multiple layers, including convolutional
layers, pooling layers, and fully connected layers.
Convolutional layers apply filters (kernels) to the input image
to extract features such as edges, textures, and patterns. Pooling
layers downsample the feature maps obtained from
convolutional layers to reduce spatial dimensions and
computational complexity. Finally, fully connected layers
integrate the extracted features and perform classification or
regression tasks.

2. Convolutional Operation:

The core operation in CNNs is convolution, which involves
sliding a filter over the input image and computing the dot
product between the filter weights and the corresponding pixels
in the receptive field. This process results in feature maps that
capture spatial hierarchies of features, allowing CNNs to learn
hierarchical representations of images.

3. Feature Hierarchies:

CNNs learn to extract hierarchical features from input images
through multiple convolutional and pooling layers. Lower
layers capture simple features like edges and corners, while
higher layers capture complex patterns and semantic
information. This hierarchical representation enables CNNs to

effectively discriminate between different objects and classes.

4. Training:

CNNs are trained using backpropagation and gradient descent
algorithms to minimize a predefined loss function. During
training, the network learns to adjust the weights of
convolutional filters to optimize its performance on a given task,
such as image classification. Transfer learning, where pre-
trained CNN models are fine-tuned on specific datasets, has also
become popular to leverage knowledge from large-scale datasets
like ImageNet.

5. Applications:

CNNs have been widely adopted in various applications beyond
image recognition, including medical image analysis,
autonomous vehicles, and facial recognition systems. They have
also been extended to tackle problems in other domains such as
natural language processing (CNNs for text classification) and
time-series data analysis.

XGBoost Algorithm

Extreme Gradient Boosting (XGBoost) is a powerful
supervisedlearning algorithm known for its speed and
performance in solving regression and classification problems. It
belongs to the family of gradient boosting algorithms and has
gained popularity in machine learning competitions and industry
applications. Here's an overview of XGBoost:

1. Gradient Boosting:

XGBoost is based on the concept of gradient boosting, which
involves ensemble learning where multiple weak learners
(decision trees) are combined to create a strong learner. Gradient
boosting works by sequentially adding decision trees to correct
the errors made by previous trees. XGBoost enhances gradient
boosting by introducing a novel regularization term and a more
efficient tree construction algorithm.

2. Tree Ensemble Learning:

XGBoost builds an ensemble of decision trees, where each tree
is trained to minimize a loss function representing the difference
between predicted and actual values. Trees are added
sequentially, and each new tree focuses on reducing the residual
errors (i.e., the differences between predicted and true values) of
the ensemble model.
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3. Regularization and Optimization: QO & Sertiment Analysis of Weibo Commentipynb Qo mowe & @
XGBoost incorporates both L1 (Lasso) and L2 (Ridge) e o T e e
regularization techniques to prevent overfitting and improve Y = R
generalization performance. It also employs a specialized tree o ” ‘ ‘
construction algorithm that uses gradient descent optimization o B “ il
to efficiently grow trees, making it faster and more scalable B ,.;-..‘uﬂ,lyjium%\m,‘ il dod
than traditional gradient boosting methods. b ‘ ! P

- |
4. Parallelization and Speed: - L T TR T

No. of Data
XGBoost is designed for efficiency and scalability, with
support for parallelization and distributed computing. It
leverages techniques such as cache-aware optimization,
approximate tree learning, and block structure for parallel
. . . . . . co & Sentiment_Analysis_of Weibo_Comment.ipynb B comment & shee @ 0
processing, resulting in significant speed improvements

compared to other gradient boosting implementations. o x| o x
t file [~}
{x}
Confusion matrix
5. Feature Importance and Interpretability: i
XGBoost provides feature importance scores that indicate the i
contribution of each feature to the predictive performance of %0
the model. This feature importance analysis enables E]
practitioners to understand the relative importance of different =
features in  making predictions, enhancing  model
interpretability and facilitating feature selection tasks.
e e e b Mo s 0w o @
6. Applications: 5 e O x +oe +Ten vt < | @oon |
XGBoost has been successfully applied to a wide range of l} )
tasks, including regression, classification, ranking, and &
recommendation systems. It has been used in various domains
such as finance, healthcare, e-commerce, and online
advertising, demonstrating its versatility and effectiveness in 0
solving real-world problems. -
Results: 4 N
o & Sentiment_Analysis_of Weibo_Comment.ipynb B comment &, shae £ o
% @Ec e The sentiment analysis framework based on convolutional
- neural networks (CNNs) for Weibo comments yielded
- :“’ promising results. Through extensive experiments conducted on
e real Weibo datasets, the CNN-based model demonstrated
superior performance compared to traditional sentiment analysis
methods. The model effectively captured relational
dependencies among users and comments within the Weibo
o network, enabling accurate classification of sentiment polarity
® and intensity. Furthermore, the incorporation of attention

mechanisms allowed the model to prioritize influential users and
comments, enhancing its ability to identify significant
sentiment-bearing entities. The results indicated that leveraging
the structural information embedded within the Weibo network
through CNNs significantly improved sentiment analysis
accuracy and provided valuable insights into public sentiment
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dynamics on the platform.
FUTURE WORK

future research in sentiment analysis of Weibo comments
using convolutional neural networks can be explored. Firstly,
investigating more sophisticated CNN architectures and
attention mechanisms tailored specifically for the dynamics of
Weibo networks could further enhance the model's
performance. Additionally, exploring the integration of
multimodal data sources, such as text, images, and user
interactions, could provide richer contextual information for
sentiment analysis tasks. Furthermore, extending the research
to explore sentiment dynamics over time and the impact of
external events on sentiment patterns in Weibo comments
could yield valuable insights into temporal sentiment trends
and user behavior. Finally, conducting cross-domain
experiments and evaluating the generalizability of the
proposed approach to other social media platforms beyond
Weibo could provide a broader understanding of its
applicability and effectiveness.

CONCLUSION

In conclusion, this study presented a novel framework for
sentiment analysis of Weibo comments based on
convolutional neural networks. By leveraging the structural
information inherent in the Weibo network, the proposed
model demonstrated superior performance in accurately
classifying sentiment polarity and intensity compared to
traditional methods. The incorporation of attention
mechanisms further enhanced the model's ability to prioritize
influential users and comments, providing valuable insights
into public sentiment dynamics on the platform. Overall, the
research contributes to advancing sentiment analysis
techniques in social media platforms and lays the foundation
for future research in exploring the potential of convolutional
neural networks for understanding and analyzing user-
generated content in online communities like Weibo.
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