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Abstract: One of the fast growing, developing and highly 

used technology in various computing industries is data mining. 

Sentiment or opinion mining is a kind of data mining, where it 

follows the major processes of natural language processing. 

Nowadays, sentiment analysis meets a high demand. In this 

paper, it is aimed to consider the problems of sentiment analysis 

such as classification on opinion and attribute words, because it 

is the basic problem of sentiment analysis. This paper aimed to 

use one of the popular machine learning algorithms as Multi-

Class Support Machine algorithm for classifying sentiment 

polarity with detailed description. The proposed method is 

implemented in Python software and experimented on online-

product-reviews data taken from Amazon.com. Sentence level 

and opinion level classification is obtained with promised 

outcomes. From the results it is noted that the proposed method 

outperforms than the existing method such as Naïve Bayes and 

Random Forest algorithms. 

  

Keywords: sentiment analysis, opinion mining, e-commerce, 

polarity classification, machine learning algorithms, customer-

review data, amazon data. 

I. INTRODUCTION 

Data Science is a computer science discipline which 

incorporates several technologies such as machine learning 

and data mining to analyse the unprocessed data. Data 

mining is a branch of data science where it mines a user 

requested pattern of data from a huge set of data. The 

process of data mining has several complexities due to 

Velocity, Volume, Value, Variety, and Veracity which 

degrades the performance in terms of mining accuracy. Data 

analytics provides a solution to overcome the above said 

problems in the field of data mining, which results in an 

increased performance of accuracy. There are many 

techniques in data mining such as Association mining, 

cluster analysis, sentiment analysis or opinion mining. There 

are various applications such as unsupervised learning, 

customer feedback data analysis and classifying web forum. 

In recent busy world, people buy and sell their products in 

online easy and quick. It improves the profit of customer-to-

customer, business-to-customer and business-to-business 

structure. The opinion of each existing customer suggests 

the product or entities to any new customer. This paper is 

focused on sentiment analysis in the application of e-

commerce to predict the performance accuracy of the data. 

II.  SENTIMENT ANALYSIS 

In the day-to-day digital world, every user shares their 

experience about every single data over the internet. The 

data shared are either structured or unstructured. The 
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structured data is obtained through a GUI of their respective 

e-commerce sites in the form of comments from which the 

data can be summarized. The unstructured data are the 

comments posted by the user which cannot be summarized 

as positive, negative or neutral. The user data shared are 

categorized using an interface, which is achieved by the 

process of sentiment analysis. This process extracts all the 

required data from the e-commerce site and categorizes the 

data.  

Sentiment analysis measures the accuracy of the data by 

analysing the users experience. There are ten ideas to 

analyse the users experience. They are box office revenues 

[1], brand monitoring [2], computational history [3], 

customer feedback [4], dropout rates [5], monitoring of 

political sentiments [6], product reviews [7], stock market 

predictions [8], story arcs [9], sentiment analysis as a sub 

task [10]. 

(Pandey et al. 2016; Rain 2013) [11][12] stated that, in 

order to track the opinion of the customer reviews the 

dataset have to be classified and categorized based on 

common traits. (Liu et. al 2014) [13] mentioned that when 

huge number of datasets is used, the classification process 

can be automated.  [14][15][16](Liu 2015; Pang et. al 2002; 

Turney& Littman 2003) described sentiment analysis in 

terms of NLP in which the user reviews were classified as 

positive and negative reviews. But (Singla et. al 2013) stated 

that this positive and negative classification might not work 

properly when certain words like “not” are used. Also Ye et. 

al (2009) [18] proved that the negative word “unpredictable” 

was considered as a positive word for the tourists. (Liu et al. 

2007; Pang et al. 2009; Ye et al. 2009) [18][19] [14] 

implemented sentiment classification in various fields like 

travel, movie and product reviews. 

III. LIMITATIONS AND MOTIVATION 

To experiment the data, there is no preprocessing is 

applied on the data. Pre-processing is mainly used for 

making the data as perfect form before applied into the 

algorithms. Online product reviews data has more irrelevant 

and unnecessary information which cannot be used in the 

data process. Some of the preprocessing tasks are 

eliminating unwanted white spaces, removing stop-words, 

and arranging the data in a standard format, etc. The output 

of the data analytics methods with pre-processing gives high 

accuracy while applied on reviews summary. The reviews 

consist of huge amount of words where it leads to sparsity in 

bag of words. So, in classification the summary of the 

reviews is used for limiting the number of words. Another 

limitation is most of the customer defined methods and  
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some of the machine learning methods require 

preprocessing to improve the accuracy of classification. 

Haddi et al. (2013) [20] insisted that preprocessing improves 

the percentage of accuracy. Another limitation is, the bag of 

words never cares about the word location in the text where 

it has a negative effect on the semantic of a review. Pang et 

al. (2002)[15] described that a machine classifies a thing as 

positive or negative based on the number of positive or 

negative reviews respectively. Another challenge addressed 

in this paper is to identifying the negative and positive 

words by comparing the semantics of the sentences. Hence 

in this paper, it is motivated to design and implement 

MSVM method and compared with NB and DT 

classification methods.  

IV.  PROPOSED METHOD 

Here the method and the environments are explained in 

detailed, that is how the data is obtained, prepared and 

experimented. In order to experiment and evaluate the 

proposed approach this paper used Phyton software. Python 

has a big set of libraries where it has methods for solving the 

machine learning algorithms. The libraries can be included 

easily as in C programming. One of the best libraries to 

feature out the various supervised machine learning 

algorithm is Sci-kit learn. Python also includes various 

libraries that belongs to SVM and Naive Bayes which are 

used in this paper. It also supports file extraction methods. 

Naïve Bayes Method 

Naïve Bayes (NB) method is one of the classification 

methods where it classified the data D into m number of 

classes C1 to Cm. Initially it trains the data and create a 

trained model for testing purpose. Each data is represented 

in the form of tuples X where the classifier predicts the class 

Ci on X, if and only if: P(Ci|X) > P(Cj|X), where, i and j 

belongs to [1 , m], and both are not equal. X is represented 

as x1, x2, …,xn, where n is the number of data tuples 

collected from n number of attributes (features). The 

P(Ci|X) is calculated as: 

𝑷 𝑪𝒊 𝑿 =  𝑷(𝒙𝒌|𝑪𝒊)

𝒏

𝒌=𝟏

 

Where it is used to predict the classes from X. 

Random Forest Method 

Another important classification model is random forest 

classifier which has provided superior performance than 

decision tree algorithm regarding accuracy. One of the 

popular and superior than decision tree in terms of 

performance is random tree classifier. Random forest 

classifier is ensemble method due to bagging. Initially it 

creates k number of bootstrap samples on the data D 

=d1,d2,....dn, where each sample is represented as 

d1,d2...dk. Each sample Di comprises of equal number of 

tuples as d. Which were samples d with replacement from d. 

It means the original tuples of d have not been included in di 

but the remaining tuples may occur more than once. Then a 

decision tree is constructed over each Di and makes a forest 

(the forest comprises of k number decision trees). In order to 

predict the unknown tuple x every decision tree delivers a 

class predicted and counted as 1 vote. The final predicted 

class is considered based on the highest votes. Basically, the 

DT algorithm performs based on the SCI it learns algorithm 

is also called as CART (classification and regression trees). 

An index is used to represent the trees induction is called as 

Gini index (Gi). Now Gi for D is calculated as  

𝑮𝑰 𝑫 = 𝟏 −  𝒊

𝒎

𝟏

𝑷𝒊
𝟐 

Where Pi is represented as the probability of tuples under 

the same class Di. The Gi measures the impurity of D. The 

measurement Gi always provides the impurity of D.  

Support Vector Machine 

SVM is a popular classification method that works on 

linear and nonlinear data. A linear hyper plane is used to 

separate the linear data from one class to another class. The 

linear hyperplane is an optimal hyperplane considered as the 

decision boundary for separating the classes 1 and 2 

available in the data. SVM can classify only 2 classes (1 or 

0, True, false). The hyper plane is represented 

mathematically as 

𝑾.𝑿 + 𝒃 = 𝟎 

Where the weight of the vector id represented as W. That 

is, 

𝑾 = 𝒘𝟏,𝒘𝟐……𝒘𝒏 

And the training tuple is denoted as X, scalar is 

represented as b. The hyper plane optimises the data by 

minimising the problem transformation ||W|| is 

mathematically calculated as 

  𝑾  =  𝒊

𝒏

𝒊=𝟏

𝜶𝒊𝒚𝒊𝒙𝒊 

Where α_irepresents the numeric parameters, 

y_irepresents the labels of the support vector Xi. 

Means if 𝒚𝒊 = 𝟏 then  𝒊𝒏
𝟏 𝒘𝒊𝒙𝒊 ≥ 𝟏 

if𝒚𝒊 = −𝟏 then  𝒊𝒏
𝟏 𝒘𝒊𝒙𝒊 ≥ −𝟏 

In case of high dimension data SVM uses nonlinear 

hyperplane separable method. From the above discussion it 

is understanding that SVM can classify only 2 class such as 

1 and -1. But the customer review data has 3 classes such as 

positive, negative and neutral. The classification process of 

SVM is shown in Figure-1. 

 
Figure-1. Classification using SVM 
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Multi Class SVM 

Comparing with the SVM, the multiclass SVM can 

predict more classes. In accordance the objective of this 

paper, to classify the three different classes in the online 

customer review data this paper aimed to use multiclass 

SVM algorithm. The hyperplaneoptimises the data by 

minimising the problem transformation ||W|| is 

mathematically calculated as 

  𝑾  =  𝒊

𝒏

𝟏

𝜶𝒊𝒚𝒊𝒙𝒊 

Where,𝜶𝒊represents the numeric parameters, 𝒚𝒊represents 

the labels of the support vector Xi.  

Means if 𝒚𝒊 = 𝟏 then  𝒊𝒏
𝟏 𝒘𝒊𝒙𝒊 ≥ 𝟏  // Positive class 

if𝒚𝒊 = −𝟏 then  𝒊𝒏
𝟏 𝒘𝒊𝒙𝒊 ≥ −𝟏  // negative class 

if𝒚𝒊 = −𝟏 then  𝒊𝒏
𝟏 𝒘𝒊𝒙𝒊 == 𝟎  // neutral class 

Based on the above equation, the MSVM can predict the 

customer reviews as positive, negative or neutral. To 

understand the MSVM method very clearly, it is given in the 

form of algorithm and it is given in Figure-2.  

𝑨𝒍𝒈𝒐𝒓𝒊𝒕𝒉𝒎 𝑴𝑺𝑽𝑴 (𝒊𝒏𝒑𝒖𝒕 𝒅𝒂𝒕𝒂 𝑫) 
{ 
𝑿 𝑖𝑠 𝑡𝑕𝑒 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑑𝑎𝑡𝑎𝑠𝑒𝑡 

𝑿𝟏 𝑖𝑠 𝑡𝑕𝑒 𝑡𝑒𝑠𝑡 𝑑𝑎𝑡𝑎 
𝑰 𝑖𝑠 𝑡𝑕𝑒 𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 
𝑭𝒏 𝑖𝑠 𝑡𝑕𝑒 𝑓𝑖𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 

𝑫 𝑖𝑠 𝑡𝑕𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 
𝑊𝑕𝑖𝑙𝑒 ( 𝑰 >   −𝐹𝑛) 𝑑𝑜 
{ 
𝑰 = 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 𝑡𝑕𝑒 𝑑𝑎𝑡𝑎 𝑎𝑛𝑑 𝑔𝑒𝑡 𝑿𝟏 𝑎𝑠 𝑿𝟏, 𝑿𝟐,… , 𝑿𝒏  /

/ 𝑢𝑠𝑖𝑛𝑔 𝑒𝑛𝑠𝑒𝑚𝑏𝑙𝑒 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑖𝑛𝑔 𝑚𝑒𝑡𝑕𝑜𝑑 
  𝐹𝑜𝑟 𝑒𝑎𝑐𝑕 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 𝒋 
= 𝟏 𝒕𝒐 𝑰 𝑐𝑜𝑚𝑝𝑢𝑡𝑒 𝑡𝑕𝑒 𝑠𝑐𝑜𝑟𝑒(𝑿(𝑿𝟏𝒊), 𝒇, 𝒓) 

𝑿𝟏𝒊 = SA (𝒔𝒄𝒐𝒓𝒆(𝑿(𝑿𝟏𝒊), 𝑿, 𝑿𝟏)) 
        𝐸𝑙𝑖𝑚𝑖𝑛𝑎𝑡𝑒 𝑫% 𝑜𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 𝑕𝑎𝑣𝑖𝑛𝑔 𝑙𝑜𝑤𝑒𝑟 𝑠𝑐𝑜𝑟𝑒𝑠 
  𝐸𝑛𝑑 𝑓𝑜𝑟 

   𝑀𝑒𝑟𝑔𝑒 𝑎𝑙𝑙 𝑿𝟏𝒊𝑖𝑛𝑡𝑜 𝑜𝑛𝑒 𝑝𝑜𝑜𝑙 𝑿𝟏 
} 

 

} 

 
Figure.2. Multi-Class Support Vector Machine 

 

 

Data Set 

Data is collected from SNAP set of Amazon.com. The 

format of this data is a collection of sentences and 

paragraphs. Also, there is no facility to extract data from 

amazon. So JSON is used to download data in the form of 

one review per line and are converted into a famous CSV 

format, which can be easily handled by python. The entire 

data set comprises of comprises of 252000 reviews over 

beauty products. To understand the dataset and the 

experimental evaluation clearly, a set of important features 

selected for analysing the data is given in table.1. Also, a 

sample customer review in JSON file format is given in 

Figure.3. The has all the fields given in Table-1. Among the 

fields the review text is a more than one sentence and it has 

a greater number of words, having collection of stop words, 

delimiters and keywords.  

 

Table.1. Features of Data and Description 

Feature Description 

ReviewerId Id of the user 

“asin” Product Id 

ReviewerName Name of the user 

Helpful Fraction of users who found 

the review helpful 

ReviewText Text of the review 

Overall Rating of the product 

Summary Review summary 

UnixReviewTime Time of the review in unix 

time 

Reviewtime Date of the review 

 

Figure-3. Customer Review Data in JSON Format 

Data Preparation 

To improve the accuracy of data mining the data is 

written in simple format to remove the unnecessary features. 

Initially it removes the unnecessary features and summarizes 

the important features to expose the reviews. Examples are 

review, text of the review and productId. The review score 

is given in the form of number of stars from 1 to 5. The 

reviews with stars less than 3 is treated as negative review 

and if the score is greater than or equal to 3 is treated as 

positive reviews.  
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The reviews which have mixed score are referred to as 

neutral reviews.  

During the implementation and experiment it is found that 

the proposed approach is not only suitable for analysing the 

product reviewed data. It is also used as a common 

recommendation system to find highest recommended 

entities such as hotels, restaurants and products. It finds the 

entities in accordance to the structured attributes and 

unstructured opinions given by the web users. The entire 

architecture of the proposed approach suitable for finding 

the highest score-based entities are illustrated in Figure-4. 

Figure-4. Proposed Methodology 

From the figure-4 it is understood that the user query is 

categorized into structures attributes and unstructured 

opinions. The unstructured opinion is parsed using the query 

parser and the opinion is given a score ranging from 1 to 5. 

Similarly, the structured attributes are parsed and a score is 

given ranging from 1 to 5. Both the scores are combined to 

generate an entity score and the results are summarized. 

Based on the summarized result and the entity scores the 

final results are generated as whether the product is 

recommended or not. Table 3 shows the comparison of the 

performance accuracy of three different kinds of algorithms 

based on reviews and summaries. 

V.  EXPERIMENTAL RESULTS AND DISCUSSION 

Two experiments were conducted where the first 

experiments used the entire data set and the second 

experiment used only a small set of datasets. In the first 

experiment the reviews with 3 stars were removed as there 

are enough reviews and in the second experiment the 

reviews with 3 stars are considered as negative. The positive 

reviews were scored as “1” and the others as “0”. 

Machine Learning Classifiers 

The experiment is carried out in two phases namely 

training the dataset and testing the dataset. In both the 

experiments mentioned above, the reviews and the review 

summaries were trained and tested separately. In the first 

experiment the classifier trained 150000 datasets and tested 

48500 datasets for performance accuracy. Using Bag of 

words model the review texts are converted into numerical 

features. The performance is measured by training and 

applying the classifiers on the test data.  

 

 
Figure-5. Product ID versus Number of Reviews 

In the second experiment with limited number of datasets 

the first 10products with most reviews were grouped based 

on the productId. It is depicted in Figure-5. 300 samples 

were taken as training dataset from each product and then 

they are tested for performance accuracy. Figure-6 shows 

the comparison of the performance accuracy of three 

different kinds of algorithms based on reviews and 

summaries. From the graph it is depicted that the Naive 

Bayes classifier produced 90.16% -92.72% of accuracy and 

the Random Forest algorithm produced 93.02%-93.20% of 

accuracy. The proposed method MSVM obtained 96.03%-

96.31% of accuracy. 

 
Figure-6. Performance accuracy based on reviews and 

summaries 

 

Figure-7 shows the comparison of the performance 

accuracy of three different kinds of algorithms based on the 

productId for the first 10 datasets using the reviews. From 

the graph it is depicted that the performance accuracy of 

Naive Bayes classifier was ranging from 89.97%-89.98% 

and that of the Random Forest algorithm was ranging from 

89.43%-89.69% of accuracy. The proposed method MSVM 

obtained 91.78%-93.8% of accuracy. 
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Figure-7. Performance accuracy based on productId 

using reviews 

 

Figure-8 shows the comparison of the performance 

accuracy of three different kinds of algorithms based on the 

productId for the first 10 datasets using the summaries. 

From the graph it is depicted that the performance accuracy 

of Naive Bayes classifier was ranging from 88.55%-90.11% 

and that of the Random Forest algorithm was ranging from 

81.54%-88.73% of accuracy. The proposed method MSVM 

obtained 91.51%-93.59% of accuracy. 

From all the experiments it is obtained that MSVM 

outperforms than the other two algorithms and the 

performance accuracy of the proposed method is obtained to 

a maximum range. 

 
Figure-8. Performance accuracy based on productId 

using Summaries 

 
Figure-9. Hotels within 5 miles of University of 

Arizona – pet friendly and clean 

 
Figure-10. Buzzwords for the Radisson Suites Tucson 

 

 
Figure-11. Opinion summary for the Radisson Suites 

Tucson 

 

The experiment was tested through a web GUI and the 

following results are obtained. Figure-9. Shows the test 

result based on both structured attributes and the 

unstructured opinion. Figure-10 shows the result of MSVM 

based on the structured attributes using reviews and Figure-

11. Shows the result of MSVM based on unstructured 

opinion using summaries. 

VI. CONCLUSION 

The main objective of this paper is to design and 

implement a ML algorithm for analysing the online product 

reviews data. To do that a multiclass SVM classifier is 

designed, implemented and experimented on product 

reviews data taken on amazon.com. The main advantage of 

this paper is to analyse the data based on the structured 

attributes and unstructured opinions. Hence it is highly 

suitable for any kind of sentiment or opinion based mining 

applications. The MSVM is experimented and the results are 

verified in both scenarios such based on the reviews and 

integration of structured attributes. From the obtained results 

it is found that the MSVM outperforms than the Naive 

Bayes and Random Forest. Hence it is proved that MSVM 

can be applied for high dimensional data also. 

In future work, a deep learning algorithm is applied for 

sentiment analysis and the performance is compared. 
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