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Abstract— Sentiments are the emotions or opinions of an 

individual encapsulated within texts or images. These emotions 

play a vital role in the decision-making process for a business. A 

cloud service provider and consumer are bound together in a 

Service Level Agreement (SLA) in a cloud environment. SLA 

defines all the rules and regulations for both parties to maintain 

a good relationship. For a long-lasting and sustainable 

relationship, it is vital to mine consumers' sentiment to get 

insight into the business. Sentiment Analysis or Opinion Mining 

refers to the process of extracting or predicting different point of 

views from a text or image to conclude. Various techniques, 

including Machine Learning and Deep Learning, strives to 

achieve results with high accuracy. However, most of the existing 

studies could not unveil hidden parameters in text analysis for 

optimal decision-making. This work discusses the application of 

sentiment analysis in the cloud-computing paradigm. The paper 

provides a comparative study of various textual sentiment 

analysis using different deep learning approaches and their 

importance in cloud computing. The paper further compares 

existing approaches to identify and highlight gaps in them. 

Keywords—Deep Learning, Sentiment Analysis, Cloud 

Computing.     

I. INTRODUCTION

Our everyday lifestyle has always been affected by what 
people think of it. Others' ideas and thoughts have always 
influenced our views and opinions. Web 2.0' explosion and its 
developments paved the path for enclaved opportunities in 
Podcasting, Blogging, Tagging, Social Bookmarking, and 
Social Networking. Due to this, it has become interesting for 
people to get ideas from these large data sources [1]. Sentiment 
Analysis (SA), also termed as Opinion Mining (OM), is the 
computational treatment of text's views, experiences, 
sentiments, and subjectivity. Sentiment analysis acts to be a 
crucial task of Natural Language Processing (NLP) and 
information extraction. It aims to analyze a bulk of documents 
and obtain feelings from a comment, question and experience 
expressed positively or negatively [2]. Sentiment analysis aims 
are to find out what the speaker or a writer thinks or feels 
regarding a topic or the overall functionality of a document. 

In today's era, Deep Learning algorithms are used to depict 
the functionality and structure of a brain, known as Artificial 
Neural Networks (ANNs). Deep Learning enables to predict 
output for the given input parameters and create patterns that 

become helpful in decision-making processes. It is used in 
different technologies like extracting and resolving Big Data 
from heterogeneous platforms. Artificial Intelligence (AI) 
algorithms are used to identify patterns and make decisions 
according to user requirements. Deep Learning is also used for 
text analysis and data mining purposes, particularly the LSTM 
(Long Short Term Memory) method that enhances sentiment 
analysis accuracy. 

Cloud computing has caused a revolution in today's world 
due to its remarkable cost-effective, diversified and scalable 
features. Service Level Agreement (SLA) is the key document 
between the service provider and a service consumer that binds 
them for the commitment of defined services [3-5]. For a 
viable SLA and to ensure a successful and trustful relationship 
between the two parties, service providers must satisfy service 
consumers, and consumers, in return, must follow up the SLA 
made between them [6, 7]. In a cloud environment, the 
provider-consumer relationship is essential to be trustful and 
reliable following a set of Service Level Agreement (SLA) [10, 
13, 16].  A cloud service provider must be reliable, scalable, 
ease administration, provide backup and storage facilities, 
provide data management and data security [20, 21, 24]. The 
paper contributes to highlighting the importance and the use of 
modern deep learning technologies in sentiment analysis.  It 
analyses how such an analysis may help to solve SLA issues 
within cloud computing. The paper also brings many related 
pieces of literature on a single ground and performs a 
comparative analysis to identify the gaps and suggest future 
work solutions.  

The rest of the paper is structured as follows: Section 2 has 
a literature review related to deep learning sentiment analysis 
in the cloud. A comparative study of the literature is expressed 
in a table format in Section 3. Section 4 discuss the main 
findings of the research. Section 5 contains the conclusion and 
some future work.    

II. LITERATURE REVIEW

This section contains a short summary of the literature 
review of the research studies performed by researchers. 
Literature is classified into two categories. The first section 
contains literature performing sentiment analysis using various 
deep learning methods. The second section focuses on 
literature that discusses sentiment analysis from the cloud 
paradigm.  
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A. Deep Learning Sentiment Analysis 

SentiVec [8], a kernel optimization function system is 
proposed having 2 phases. The 1st phase uses a supervised 
learning algorithm that performs sentiment word embedding to 
vectors. These vectors are fed into the 2nd phase where two 
unsupervised learning models: object-word-to-surrounding-
words reward model (O2SR) and context-to-object-word 
reward model (C2OR) identifies sentiment similarities and 
learns sentiments vectors for both sentiment and non-sentiment 
words. The approach performs NLP evaluation methods like 
word analogy, word similarity and sentiment analysis and 
updates all the semantic information of text words within a 
corpus. Paper [9] uses Conventional Machine Learning in 
combination with the Convolutional Neural Network (CNN) as 
a deep learning model for sentiment analysis of digital text. 
The technique aimed to extract emotional state encapsulated 
within the digital textual data. Document Term Matrix and 
Support Vector Machines (DTM-SVM) approaches compute 
the statistical evaluation of data. CNN performs the Doc2Vec, 
an extension of word2vec, converting documents into vectors. 
The thesis [11] performs categorization of Turkish news text 
using Machine Learning as well as Deep Learning methods. 
The purpose is to identify the type of news as per the content 
criteria. Document form data is classified using Support Vector 
Machine (SVM) while label form data is fed to Recurrent 
Neural Network (RNN). Classifications prove that RNN has 
higher accuracy rate than that of SVM. However, the speed 
ratio of SVM was faster than RNN.  

Deep learning was used for sentiment analysis of Big data 
of a financial social platform in the paper [12]. StockTwits, an 
online social platform where investors and traders from all over 
the world share their investing ideas, experiences and views 
about stock market fluctuations, was evaluated using data 
mining methods, logistic regression and deep learning 
approaches. Higher accuracy rate was achieved by deep 
learning methods. Out of which, Convolutional Neural 
Network (CNN) outperforms than the rest extracting accurate 
sentiments from author’s words regarding stocks. Authors [14] 
have created a German SentiWordNet lexicon containing 
German words translated from English lexicons. The derived 
lexicon along with 2 other lexicons are fed to a context-based 
sentiment analysis system using Recurrent Neural Network 
(RNN) that learns contextual sentiment weights changing the 
lexicon polarity of words with respect the context. Evaluations 
show that better performance is achieved using deep learning 
approaches. The paper [15] performs cross-cultural polarity 
and emotion detection regarding COVID-19 pandemic Twitter 
tweets using deep learning based sentiment analysis. The 
process first identifies the polarity of tweets as positive or 
negative and then emotion analysis is performed using Deep 
Long short-Term Memory (LSTM) models. The purpose of 
study was analyzation of citizens’ reactions from neighboring 
countries i.e. Denmark and Sweden. 

Deep Learning for Affective Computing [17] finds 
Recurrent Neural Network as a best method to recognize text-
based emotions of individuals in affecting computing. 
Sentiment analysis in a form of emotion recognition helps 
better decision support. For performance improvements of 
deep neural network, bidirectional LSTM processing along 
with dropout regularization and weight-loss functions are 

performed. Transfer learning: senti2affect approach is 
implemented that transfers knowledge from source to a 
different but related problem and overcomes overfitting 
problem in DNN. ConvLSTMConv network [18] is a proposed 
deep learning approach for sentiment analysis of social media 
reviews. The approach integrates both Convolutional Neural 
Network (CNN) and LSTM (Long Short-Term Memory) on 
Google cloud for storage purpose and Google Colaboratory for 
computing. Deep learning algorithm is implemented with word 
embedding technique, features are learned and extracted 
through CNN layer, the extracted features are then sent to a 
bidirectional LSTM layer for the purpose of long-term feature 
dependencies. Another CNN layer is used to again learn the 
extracted features for better learning and machine 
understanding performance. The approach performs a binary 
classification i.e. positive or negative sentiment categorization. 

Paper [19] addresses the problem of sentence-level 
sentiment classification on IMDB dataset and Restaurant 
reviews dataset. Two deep learning models are used: The Deep 
feedforward Neural Network model with global average 
pooling and LSTM model with dense layers. Deep 
Feedforward NN model achieved 88% accuracy rate while 
78% for LSTM model. The authors have presented a novel 
neural network model: NgramCNN [22]. The new architectural 
model performs sentiment analysis of long text documents with 
diverse contents. It follows a Convolutional Neural Network 
representing text features out of the pre-trained n-grams, 
convolutional and max-pooling layers for feature extraction 
and a single layer simple classifier to classify each document 
per their polarity. The model is experimented on three different 
review datasets to perform better and have high prediction and 
accuracy rates than CNN and Deep RNN. 

The thesis [23] works to mitigate the effects of 
Cyberbullying thus, highlighting the importance of sentiment 
analysis of abusive comments on social media. The work uses 
graph structures and deep learning approaches for the purpose. 
The text tweets are represented with sentence embeddings 
generated using two models namely DistilBERT and 
ELECTRA whereas node embeddings are formed with the help 
of NBNE and Graph-Wave approach. A 3-headed CNN model 
i.e. Hydra model is used to do sentiment classification of the 
text. ConvLSTM model [25] is proposed combining CNN and 
LSTM models that perform classification of short texts. The 
model is supposed to overcome the defects faced in traditional 
deep learning approaches. As traditional approaches used CNN 
which needed more layers for long term dependency capturing, 
thus in this model, LSTM layer is used as a single pooling 
layer to CNN that helps to capture long-term dependencies in 
short texts and to minimize the loss of detailed information. 
The model proves to perform efficiently with minimum 
number of parameters. Paper [26] highlights the importance of 
text quality from sentiment analysis of online reviews and how 
it affects classification performance. Two basic textual quality 
features that affect classification performance i.e. word count 
and review readability are considered. For sentiment analysis, 
CNN and two RNN models: The Simple Recurrent Network 
(SRN) and LSTM are used. According to the study performed 
by a text evaluator, small reviews having less word count with 
higher readability achieve higher accuracy rates and thus, is 
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high quality text helpful to providers and consumers for 
business purposes and decision making process. 

Binary and multi-class sentiment classification of reviews 
using deep learning [27] is performed on movie reviews 
45dataset. Reviews are transformed into vector representations 
using word2vec and pre-trained Global vector (GloVe) 
embedding. Based on the content, the star ratings of reviews 
are also predicted. Performances of RNN-LSTM, RNN-
Bidirectional LSTM and CNN are evaluated and compared. 
Word embedding, feature extraction and class nature have an 
influence on classification outcomes. Results of evaluation 
metrics show that RNN-Bidirectional LSTM achieves higher 
accuracy rate than the others. Multimodal Sentiment Analysis 
(MSA) [28] is performed using deep learning approaches. The 
study involves polarity classification not only of the textual 
data but also of visual and audio data. Machine Learning 
approaches such as SVM, Naïve Bayes, Decision Tree and 
Random Forest etc. have achieved less accuracy rates as 
compared to the Deep Learning models for both one-modality 
and multi-modality data to analyze the polarity. Author [29] 
has used an Attention model to carry out sentiment prediction 
of news text. News articles have enormous amount of mixed 
and biased information and to extract the real ones, its 
sentiment analysis is quite important. Glove embedding 
technique performs word2vector representation task. Sentence-
level and document level sentiment prediction into positive, 
negative and neutral categories are performed by a sentiment 
analyzer. The proposed sentiment analyzer can further be used 
for detecting COVID-19 people’s sentiments as described. 

B. Sentiment Analysis In Cloud Computing 

Paper [31] performs sentiment analysis of customers’ 
tweets on cloud service providers Twitter pages that is 
Microsoft Azure and Amazon Web Services (AWS).  The 
study aims to identify customers’ opinions and reviews about 
cloud products of service providers. Naïve Bayes classification 
is used for sentiment analysis identifying 2 lexicons for 
polarity identification and emotion classification. Results show 
that AWS had 50% positive tweets and 45% negative tweets 
while polarity classification for Microsoft Azure was 65% 
positive and 25% negative. However, for emotion 
classification, ‘joy’ category was better for Microsoft Azure 
while AWS fell in ‘sadness’ category. Authors [32] have 
developed a cloud-based tool used for opinion mining and 
sentiment analysis of travelers’ comments on TripAdvisor.com 
about visiting places and restaurants booking etc. The tool 
gathers data from social websites, performs an analysis of 
people and their comments, detects the polarity of comments 
and also allows all the operations like data collection, pre-
processing and visualizations to be carried out in the same 
application.  

Cloud Provider Selection Framework (CPSEL) [33] is 
presented that ranks all the available service providers with 
respect to their capabilities and helps in selection of an optimal 
cloud service provider to fulfill the user requirements. The 
framework identifies specific indicators as services offered by 
cloud providers and weights them as per the organization 
requirements in a form of a criteria set. Providers are then 
ranked using Fuzzy TOPSIS method based on the indicators 
and user feedbacks that increases the trust between cloud 
provider and user. Finally, a cloud service provider matching 

user requirements is selected. Authors [34] have defined a 
collaborative approach to learning-based Internet of Things 
used in industrial sector. The paper [35] discusses the 
importance of sentiment analysis in a human-agent 
interactions. Chatbots as agents need to accurately identify 
emotions expressed by the speaker, cope it with its own 
emotional status and give it a vocal expression. The study 
applies 3 approaches i.e. detects human-agent sentiments from 
cloud-based sentiment analysis services that is Google, 
Amazon and Microsoft. Uses the same sentiments and applies 
machine learning based approaches for document-level 
sentiment analysis. Finally, compares both results with the 
human ratings. 

Tweet Sentiment Analysis (TSA) [36] aims to understand 
the users’ feedback and general opinions regarding cloud 
computing services and their attitudes towards existing cloud 
service providers i.e. Microsoft Azure, Google Cloud Platform 
and Amazon Web Services (AWS). The study uses twitter as a 
source of data tweets applying Bing, AFFIN and NRC lexicons 
to perform sentiment analysis and emotion classification. The 
overall polarity classification of all 3 service providers is 
68.5% positive and 3.5% negative. Deep learning based 
Sentiment Analysis of data in Edge Computing [37] 
emphasizes sentiment classification of client-side data on 
mobile devices itself. Mobile applications, on behalf edge 
computing devices, are supposed to interact with cloud, take 
data from Netflix or Amazon etc. and perform sentiment 
analysis using Deep CNN on devices independent of server-
side. An Android app is designed to classify IMDB and Rotten 
Tomatoes movie review training and testing datasets without 
need of cloud. 

III. COMPARATATIVE ANALYSIS 

The section contains a comparative analysis of the related 
literature. This analysis is performed in a table format 
indicating a number of research approaches using different 
methods to carry out sentiment analysis of various datasets. 
Research approaches, their brief summary, type of approach 
and their occurrence in cloud paradigm are all represented in 
separate columns of the table. Table. 1 represents the 
comparative analysis of research approaches using deep 
learning for text sentiment analysis. 

IV. FINDINGS 

From the comparative analysis of research approaches 
performed above, the study derives the following findings. 

• None of the research approaches used cloud dataset for 
sentiment analysis. However, those using the dataset 
applied machine learning approaches.  

• There is no research method which would address 
problems of cloud reviews analysis using deep learning. 

• None of the research approaches focus to derive a 
framework that would identify important parameters 
necessary for sentiment analysis that would help in 
decision making process.  

Authorized licensed use limited to: ULAKBIM UASL - Maltepe University. Downloaded on July 21,2021 at 21:20:43 UTC from IEEE Xplore.  Restrictions apply. 



 

 

TABLE. 1:    COMPARATATIVE ANALYSIS OF RESEARCH APPROACHES PERFORMING SENTIMENT ANALYSIS 

Author Year Dataset Used Research 

Approaches 

Used 

Summary of approach ML/DL Cloud 

Paradigm 

(Yes/No) 

Zhu, L., et al. 
[8] 

2020 Stanford 
Sentiment 
Treebank 

dataset and 
IMDB dataset 

SentiVec The 1st phase uses a supervised learning algorithm that performs 
sentiment word embedding to vectors. These vectors are fed into the 2nd 
phase where two unsupervised learning models: object- O2SR and 
C2OR identifies sentiment similarities and learns sentiments vectors for 
both sentiment and non-sentiment words. 

Deep 
Learning 

No 

Kale, M., et al. 
[9] 

2018 News dataset Conventional 
ML and 

CNN 

Extracts emotional state encapsulated within the digital textual data. 
Document Term Matrix and Support Vector Machines (DTM-SVM) 
approaches compute the statistical evaluation of data. CNN performs 
the Doc2Vec, an extension of word2vec, converting documents into 
vectors. 

Both No 

Abbas, S.S.I. 
[11] 

2019 Turkish news 
text dataset 

SVM and 
RNN 

Identifies the type of news as per the content criteria. Document form 
data is classified using Support Vector Machine (SVM) while label 
form data is fed to Recurrent Neural Network (RNN). 

Both No 

Sohangir, S., et 
al. [12] 

2018 StockTwits 
dataset 

CNN, LSTM Sentiment analysis of Big data of a financial social platform was 
evaluated using data mining methods, logistic regression and deep 
learning approaches. CNN outperforms than the rest extracting accurate 
sentiments from author’s words regarding stocks. 

Deep 
Learning 

No 

Naderalvojoud, 
B., et al. [14] 

2017 German 
SentiWordNet 

lexicon 

RNN A German lexicon containing German words is translated from English 
lexicons. The resultant lexicon along with 2 other lexicons are fed to a 
context-based sentiment analysis system using Recurrent Neural 
Network (RNN) that learns contextual sentiment weights changing the 
lexicon polarity of words w.r.t context. 

Deep 
Learning 

No 

Imran, A.S., et 
al. [15] 

2020 COVID-19 
Twitter tweets 

dataset 

LSTM The process first identifies the polarity of tweets as positive or negative 
and then emotion analysis is performed using Deep Long short-Term 
Memory (LSTM) models. Study focuses on analyzation of citizens’ 
reactions from neighboring countries i.e. Denmark and Sweden. 

Deep 
Learning 

No 

Kratzwald, B., 
et al. [17] 

2018 6 benchmark 
datasets 

Bidirectional 
LSTM and 

RNN 

Deep Learning for Affective Computing finds Recurrent Neural 
Network as a best method to recognize text-based emotions of 
individuals in affecting computing. For performance improvements of 
deep neural network, bidirectional LSTM processing along with dropout 
regularization and weight-loss functions are performed. 

Deep 
Learning 

No 

Ghorbani, M., 
et al. [18] 

2020 Social media 
reviews 
dataset 

ConvLSTM
Conv 

The approach integrates both CNN and LSTM on Google cloud for 
storage purpose and Google Colaboratory for computing. The approach 
performs a binary classification i.e. positive or negative sentiment 
categorization. 

Deep 
Learning 

Yes 

Pathak, A.R., et 
al. [19] 

2019 IMDB dataset 
& Restaurant 

reviews 

DNN and 
LSTM 

Addresses the problem of sentence-level sentiment classification on 
IMDB dataset and Restaurant reviews dataset.  

Deep 
Learning 

No 

Çano, E. and M. 
Morisio. [22] 

2018 Song lyrics, 
IMDB movie 
reviews and 

Amazon 
reviews 

NgramCNN 
 

Performs sentiment analysis of long text documents with diverse 
contents. It follows a Convolutional Neural Network representing text 
features out of the pre-trained n-grams, convolutional and max-pooling 
layers for feature extraction and a single layer simple classifier to 
classify each document per their polarity.  

Deep 
Learning 

No 

Markoski, Filip. 
[23] 

2020 Twitter tweets 
dataset 

CNN and 
Graph 

Structures 

Works to mitigate the effects of Cyberbullying, sentiment analysis of 
abusive comments on social media is performed. The text tweets are 
represented with sentence embedding generated using two models. A 3-
headed CNN model i.e. Hydra model is used to do sentiment 
classification of the text. 

Deep 
Learning 

No 

Hassan, A. and 
A. Mahmood. 

[25] 

2017 IMDB dataset 
and Stanford 

Sentiment 
Treebank 

dataset 

ConvLSTM 
model 

 

Performs classification of short texts. LSTM layer is used as a single 
pooling layer to CNN that helps to capture long-term dependencies in 
short texts and to minimize the loss of detailed information. 

Deep 
Learning 

No 

Li, L., et al. 
[26] 

2020 Online 
Website 
reviews 
dataset 

CNN, RNN 
and LSTM 

Highlights the importance of text quality from sentiment analysis of 
online reviews and how it affects classification performance. Two basic 
textual quality features that affect classification performance i.e. word 
count and review readability are considered. 

Deep 
Learning 

No 

Qaisi, L.M. and 
I. Aljarah. [31] 

2016 Twitter tweets 
dataset  

Naïve Bayes Performs sentiment analysis of customers’ tweets on cloud service 
providers Twitter pages that is Microsoft Azure and Amazon Web 
Services (AWS).  The study aims to identify customers’ opinions and 

reviews about cloud products of service providers. 

Machine 
Learning 

Yes 

Agüero-
Torales, M., et 

al. [32] 

2019 TripAdvisor 
reviews 
dataset 

VADER Developed a cloud-based tool used for opinion mining and sentiment 
analysis of travelers’ comments on TripAdvisor.com about visiting 
places and restaurants booking etc. The tool gathers data from social 
websites, performs an analysis of comments and detects the polarity. 

None Yes 
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V. CONCLUSION 

Sentiment Analysis is one of important methods to explore 
the opinion of masses regarding some issue. Sentiment 
Analysis, as an in disciplinary field finds its crucial role in 
NLP, AI, Emotion analysis and text mining. Commercial 
organization interests need sentiment analysis to evaluate how 
their products are being perceived and on the other hand, to 
potential consumers who want to know what existing users 
think. The paper addresses some of the significant works done 
in cloud computing for text sentiment analysis using different 
deep learning or machine learning approaches. The performed 
comparative analysis sorted out various literature focusing on 
various problems.  
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