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Abstract

This paper is aimed to explore the applications of Machine Learning in the domain of
E-commerce. Recently, E-commerce platforms have extensive impacts on our human life. The
rapid growth in E-Commerce industry has lead to an exponential increase in the online
purchases. Machine Learning (ML) is a multidisciplinary field which is a combination of
statistics and computing techniques with the application of algorithms which is widely used in
various domains. In this paper a review has been done on the usage of machine learning
techniques in the E-commerce applications like Product Recommendations, Dynamic Price
Adjustment, Supply and Demand Prediction, Fraud Detection and Segmentation,
Personalization and Targeting.

I. Introduction

Machine Learning is a branch of Artificial Intelligence. Computing
systems can be designed that can learn from data as being trained. Many
different algorithms can be employed in machine learning based on the
required output. There are many applications of machine learning like spam
detection, voice recognition, stock trading, robotics, medicine and health care,

advertising, retail and E-commerce, gaming analytics, internet of things, etc
[1].

Operations from business to business (B2B) which means cutting costs in
transactions between businesses and, business to consumer (B2C) which
reflects sales of goods and services are included in E-commerce. E-Commerce
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became the lifeline for the phenomenal growth of the Internet industry as it

is carried on the Internet [18].

This paper is organized in five sections. To start with introduction of the
topic of discussion which emphasizes on few important applications of
machine learning in E-commerce, followed by the Related Work section,
which highlights the research done on these applications. The next is the
Data Set Collection section which enumerates various datasets used in these
kinds of research activities. The following is the Research Challenges section,
which describes the challenges involved in this research work. The paper is

wrapped with the Conclusion section.

The exponential increase in the use of web and mobile applications for
buying the products by consumers has given more options to choose. There
have been many uses of machine learning in E-commerce, a few of them are
listed below:

1. Product Recommendations

1. Dynamic Price Adjustment

111. Supply and Demand Prediction

iv. Fraud Detection

v. Segmentation, Personalization and Targeting
i. Product Recommendations

The users of E-commerce platforms are flooded with lot of choices among
the available set of products, which makes the searching a cumbersome and
time consuming task. In any E-commerce platforms, there will be a huge
collection of products available for purchase, which makes it very difficult for
the users to find the product of their interest. Therefore customers expect the
helping hand from technology to aid to search and find the products quickly
which they are interested. So to automate and speed up the product selection
thereby increasing the probability of purchase, product recommender systems

are being developed and deployed for use.

Most of the e-commerce platforms have a recommender engine which
analyses user search patterns so as to provide relevant recommendations. E-

commerce, online auction, and books are few of the major areas where
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recommender systems have contributed significantly [10]. Performance of any
e-commerce company in terms of reliable products analysis is very crucial. In
a broader sense, due to the global infrastructures of an e-commerce company,
grouping of many similar items may happen in a different way. So the quality
of the items gets analyzed by the customers based on the classification of the
items [11].

The capability of the E-commerce platforms to easily search for an
intended product will always enhance the purchasing experience of the
customers. Products can be categorized using keywords which aid for the
realization of the effective search capability [12]. In an E-Commerce (EC)
environment, significantly important and a pivotal role is there for the
reputation and trust, which enables multiple parties to establish

relationships for the mutual benefit [16].
ii. Dynamic Price Adjustment

The E-commerce businesses are majorly dynamic with consistent
competition among the market providers. Though the competition is highly
stimulating for many merchants, it also creates abundant of new avenues for

business improvement.

E-Commerce is one of those industries where there will be very tough
competition, especially when it comes to niche consumer segments such as
electronic products and beauty products. So it is very crucial to leverage as
many advantages as possible for attraction and retention of customers.
Offering more competitive prices for the products of interest is one of the
most effective ways of doing that, i1.e., by permitting the merchants to
automatically adapt the product prices in order to respond and take benefit of
the altered market conditions. As similar to predicting the financial stock
prices, the possibility to adjust the price by forecasting competitors’ product

prices is also possible [13].
iii. Supply and Demand Prediction

One of the fundamental aspects of retail and ecommerce is the ability to
understand the past events and predict the future sales. Demand Forecasting
is the process of anticipating the future sales of the products by

quantitatively analyzing the effects of product price, promotion activities,
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seasonal dependency, and working holidays in the society. The volume of
products that consumers will be willing to pay during a specified time period
is called demand. On the other hand, forecasting is the process of calculating

the future result of customer’s acts in a specified time period [7].

To provide an efficient E-commerce platform, how to balance the demand
and supply in market segments is one of the most fundamental problems.
Always there will be a review section under their products in the e-commerce
websites for the consumers to express their opinions which aid for the
evaluation of items by prospective consumers, which in turn plays a major
role in e-commerce analysis and classification of positive and negative

opinions is Sentiment Analysis [14].
iv. Fraud Detection

In principle, fraud in an E-commerce platform occurs when a deceiver
visits an online market place and undertakes an unauthorized transaction by
employing the particulars of a stolen or fake bank card. Now the merchant
will not receive any legal remittance for the products; thus, the E-commerce
platform will charge back to the owner of the stolen or fake bank card for the

products for which order is placed [9].

As the frequency of online transactions increase, the curve for E-
commerce fraud also rises. This situation is especially obvious now, when the
society is dragging away from in-store off-line sales. Customers are required
to make online purchases to stay safe, due to the COVID-19 prevailing in
society everywhere in the world. Therefore, every vendor and financial
organizations like banks should pay attention to the recent patterns in e-
commerce fraud, so as to detect the same and to ensure the protection of their
business. In order to decrease the E-commerce frauds, it is required to
develop and deploy a procedure for the risk management and mitigation by
all the participating E-commerce major stakeholders like banks and vendors.
The environment of transaction processing should be more controlled as
openness might be prevalent in all channels of the transactions like mobile,
online networks and staff.

Fraudulent E-commerce websites makes many of Internet users as
victims leading to the loss for the customers. As there will be an on-going
large number of E-commerce transactions, their datasets are also large.
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Therefore to identify fraudulent transactions, fast and efficient algorithms
are required. Rule-based or re-training based methods are used for fraud
detection. It is not easy to detect fraud as it is happening or within a short
time span and also required advanced techniques [21].

v. Segmentation, Personalization and Targeting

In an E-commerce platform, quality product descriptions are critical for
providing competitive customer experience. To improve the likelihood of
purchase of the product by the customers, an accurate and attractive
description certainly helps. Ecommerce platforms are separated from their
customers due to lack of in person and physical interfacing. The salesperson
interacting with a customer in an offline sales mode segments and targets,
and personalizes the customer’s experience to get them to buy as he/she can
quickly takes in what they are saying, their body language, behaviour, and

many other factors in order to help the customer.

To meet the diverse needs of different users, personalization plays an
important role. There will be a collection of different types of search and
recommendation tasks, in many large portals such as Taobao and Amazon,
operating simultaneously for personalization [19].

II. Related Work

Liaoliang Jiang et al. [2] proposed a slope one algorithm based on the
fusion of trusted data and user similarity, which can be deployed in various
recommender systems. In the field of collaborative filtering
recommendations, the slope one algorithm is easy to implement and also
efficiently and effectively works. However, the prediction accuracy of the
slope one algorithm is not very high. Another drawback of the slope one
algorithm is that it does not perform so well with personalized
recommendation tasks. They have performed the verification of the algorithm
through execution using the Amazon dataset and which showcased that their
algorithm for recommendation system produced the outcome more precisely
than the conventional slope one algorithm.

C. Chavaltada et al. [12] compared different machine learning techniques

and their performance on product categorization. P. Hamsagayathri et al.
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[15] classified the customer reviews on women clothing e-commerce using
various classifiers and their performances are evaluated using accuracy,

precision and recall parameters.

S. Serth et al. [3] developed Price Wars, an open continuous time
framework to replicate the dynamic pricing competition, to solve the
problems encountered by both E-commerce professionals and researchers. It
is time-consuming to test the automated pricing procedures and also very
risky when tried in production, for e-commerce practitioners. On the other
end, the researchers also have trouble to understand and analyze how
strategies for pricing gets their real time implementation under huge

competition in the dynamic E-commerce businesses.

Rainer Schlosser et al. [4] experimented with the stochastic dynamic
pricing models in dynamic business environments by employing various
product dimensions, like cost, performance, and customer liking. It is very
tough to obtain the pricing strategies that will be efficient because of the
complicated nature of E-commerce markets. In a first step, they analysed
how the probability of sales is impacted by particular consumer attitude and
the step wise interaction of pricing strategies with the help of a simulated
test market. In a second step, they formulated an effective pricing strategy
which includes the curse of dimensionality using a dynamic programming

model.

Jiatu Shi, Huaxiu Yao, et al. [5] proposed a novel algorithm, RMLDP, to
incorporate a multi-pattern fusion network (MPFN) with a meta learning
paradigm. This algorithm considers both local and global temporal patterns
for segment demand prediction. In this paradigm, the transferable knowledge
is regarded as the model parameter initializations of MPFN, which are
learned from diverse source segments. The conventional machine learning
models were greatly successful on data-sufficient segments, but they may fail
in a large-portion of segments in E-commerce platforms, because to learn
well-trained models there are no sufficient records. In this paper, this

problem in the context of market segment demand prediction was tackled.

Adrian Micu., et al. [20] proposed applications of machine learning in
digital marketing and E-commerce by examining qualitative determinant
factors on brand logos and correlations on companies’ income, with profit, the
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number of employees, images and number of product images on E-commerce

homepage.

J. Nanduri, Y. W. Liu, et al. [6] bring up two inventive methods, to
effectively handle the confrontation of identifying various fraud styles as
fraud islands (link analysis) and multi-layer machine learning model. The
dynamic and diverse nature of E-commerce fraud patterns is the main
challenge for the prevention of E-commerce operational frauds. The
correlation between different fraudulent entities is verified and thereby the
hidden complex fraud patterns are identified using Fraud Islands, which are
formed with link analysis. Their experimentation proved that the efficiency of
fraud decisions can be predominantly enhanced by employing different
machine learning algorithms which were trained based on various types of
fraud labels.

E. Khoo, et al., [17] investigates a website that might contain some
specific styles that imply it is fraudulent based on aspects like HTML tags,
text content and pictorial content. The efficacy of the detection of fraudulent

e-commerce websites is analyzed using machine learning techniques.

Qibin Chen, Junyang Lin, et al., [7] combined the power of neural
networks and knowledge base to explore a new way to generate personalized
product descriptions. Specifically, in the context of E-commerce proposed a
product description generation model called KnOwledge Based pErsonalized
(or KOBE). KOBE considers a variety of important factors during text
generation, to make the description both informative and personalized; they

include product aspects, user categories, and knowledge base.

A. Suvarna, et al. [22] explore the existence of gender bias in product
descriptions described on E-commerce websites and also proposes a

framework to provide gender-neutral product descriptions.
II1. Dataset Collection

Datasets are very much required for the research activity to be carried in
the area of machine learning. To carry out the analysis and further research
in this topic, the required datasets can be collected from various sources, few

of which are listed below.
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° https://data.world/

e  https://archive.ics.uci.edu/ml/datasets.php

e  https://datarade.ai/

e  https://www.kaggle.com/

e  https://datastock.shop/

e  https://github.com/

IV. Research Challenges

There are significant challenges to take up the research in this topic of
machine learning in e-commerce, due to the dynamism and diversity involved
in the business aspects of the online business platforms. The opportunities
and challenges of marketplaces are continuously changing due to steady rise
of e-commerce. Application of predominantly real time based approaches
based on the competitor’s market decisions, demand projections, or certain
consumer purchase patterns that alter the prices of products can be called
dynamic pricing. One of the challenges is that vendor’s don’t have the
efficient environment to test their strategies of pricing accurately before
deploying them in real time markets. Nonexistence of replicating platforms
for voluminous pricing competitions with challenging pricing approaches is

another challenge from the research point of view [3].

Another challenge can be pointed here is that, in a large-portion of
segments in E-commerce platforms, due to unavailability of sufficient records
to learn well-trained models, the conventional machine learning models may
fail to perform well [5]. One more important challenge is e-commerce
transaction fraud prevention due to the dynamic and diverse nature of fraud
patterns. Serious threats are imposed onto e-commerce because of transaction
frauds [8]. The users being surfaced the right content at the right time plays
a vital role in e-commerce in providing a superior shopping experience to
customers which is called product recommendation [9]. To understand
customers’ intentions, timely and provide valuable assistance to find what
they are looking for and during their entire shopping process is one of the
challenges. The product recommendation algorithm to filter the interested
items from vast collection of products needs to be accurate, which always
makes it complicated and tough for implementation [2].
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V. Conclusion

Hence, a review has been carried out on previous works covered on the

usage of machine learning used in the various aspects of e-commerce

operations like Product Recommendations, Dynamic Price Adjustment,

Supply and Demand Prediction, Fraud Detection and Segmentation,

Personalization and Targeting. Collaborative filtering recommendations,

market segment demand prediction, detecting diverse fraud patterns, neural

networks and knowledge base has been focused in this review. Lastly, Data

Mining techniques, Machine Learning approaches and several other

algorithms has proven their efficiency in the area of E-commerce.
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