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Abstract

With the rapid growth of digital technologies, the number of software applications and user interfaces has increased
dramatically. To ensure the quality, security, and usability of these interfaces, it is essential to have efficient and effective
methods for analyzing and testing them. Automatic analysis techniques can help identify potential problems in user
interfaces, such as accessibility issues, usability problems, and security vulnerabilities. These methods can also help ensure
that user interfaces are consistent across different platforms and devices, which is crucial in today's multi-device and multi-
platform environment. Analyzing web page layouts and structure is a complex and challenging task due to the constantly
changing nature of web pages. Web pages can change in terms of style, content, and structure, often drastically and
frequently. This makes it difficult to develop and compare methods for analyzing them. Overall, while the challenges
associated with comparing and evaluating methods for analyzing web page layouts and structure should not be overlooked,
it is important to continue researching and developing these techniques to address the evolving nature of web pages and the
increasing demands of users for high-quality and secure web-based systems.

Introduction

In computer security, user interfaces are analyzed to
identify potential vulnerabilities that attackers could
exploit to gain unauthorized access to a system or
network. In software engineering, user interfaces are
evaluated to ensure that they meet usability and
functionality requirements and are free from defects or
errors that could impact the software's performance or
security. Automatic analysis of user interfaces can help
identify potential issues more quickly and accurately than
manual methods, enabling developers and security
experts to address them more effectively.

Web-based interfaces are becoming commonplace in
contemporary applications, and their significance can be
seen from a number of angles, including:

Accessibility: Web-based interfaces can be accessed from
any device with an internet connection, making them
highly accessible to a wide range of users.

Scalability: Web-based interfaces can scale easily to
accommodate a large number of users, making them ideal
for applications with high user traffic.

Cost-effectiveness: Developing web-based interfaces can
be less expensive than developing native applications for
multiple platforms, making them a more cost-effective
option for businesses and organizations.

User experience: Web-based interfaces can provide a
seamless and intuitive user experience, especially with
the use of responsive design and other user interface
optimization techniques.

Collaboration: Web-based interfaces can facilitate
collaboration and communication between users in real-
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time, making them ideal for collaborative applications
such as project management tools or online chat systems.

Web applications offer numerous advantages that make
them an attractive choice for various fields of application,
including software engineering, information retrieval,
and human-computer interaction. They provide a cost-
effective and accessible means of developing and
maintaining applications, enabling easy access to vast
amounts of data, and attracting a diverse user population
for research purposes.

Developing a user interface for a web page involves
writing code in multiple languages, such as HTML, CSS,
and JavaScript. Several factors must be considered when
programming user interfaces for web pages. Some of the
critical factors include:

Responsiveness: The user interface should be responsive
to different devices and screen sizes. It should adjust the
layout and content to fit the user's screen size, whether it
is a desktop, tablet, or mobile device.

Usability: The user interface should be easy to use and
navigate, with clear and concise instructions and
feedback. It should provide an intuitive interface for users
to interact with the content on the page.

Accessibility: The user interface should be accessible to
all users, including those with disabilities. It should
follow accessibility guidelines and support assistive
technologies such as screen readers and keyboard
navigation.

Performance: The user interface should be optimized for
performance, with fast load times and minimal latency.
This can be achieved by optimizing the code, using
caching mechanisms, and minimizing the use of external
resources.

Security: The user interface should be secure, with
measures to prevent common attacks such as cross-site
scripting (XSS) and cross-site request forgery (CSRF).

Testing and analyzing web page user interfaces can be a
challenging problem due to the complex nature of web
applications and the numerous factors that must be
considered. Compared to desktop user interfaces, web
page user interfaces are more dynamic and interactive,
with a variety of screen sizes, device types, and network
conditions. Moreover, web pages often use a combination
of different technologies, such as HTML, CSS, and
JavaScript, which can make testing and analysis more
complicated. Testing tools must be able to handle this mix
of technologies and the interactions between them to
provide accurate and reliable results.

The paper aims to provide an overview of the most
influential papers on automatic web page layout testing
and analysis, chronicle the evolution of the methods, and
list the methods and their approaches to the problem. This
has not been done in a single paper before, making it a
valuable resource for researchers and practitioners in the
field.

RELATED WORK

The objective of the paper is to provide an overview of
the most influential papers on this topic, chronicle the
evolution of the methods, and list the methods and their
approaches to the problem. It aims to highlight the
different motivations for the methods, such as phishing
detection, regression testing, data analysis, and cross-
device/browser testing.

Egele et al. proposed an approach to phishing detection
by analyzing the layout and structure of web pages. The
approach involves extracting features from web pages
and using machine learning algorithms to classify them as
legitimate or phishing websites.

Alikhani et al. proposed an approach to visual regression
testing for web applications that involves capturing
screenshots of web pages and comparing them with
previously captured screenshots using image comparison
algorithms.
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Mesbah et al. proposed a framework for regression testing
of web applications based on layout analysis. The
framework involves capturing screenshots of web pages
and comparing them with previously captured
screenshots to detect changes in the layout.

Alshammari et al. proposed an approach to automated
testing of responsive web applications, which involves
generating test cases that cover different combinations of
device types, screen sizes, and web browsers. The
approach also includes a tool for visualizing the test
results.

Mao et al. proposed an effective method for detecting
phishing websites based on the analysis of web page
layouts. The method has the potential to improve the
security of web browsing by helping users to avoid
phishing attacks. Authors evaluated their method using a
dataset of 4,000 web pages, including 2,000 legitimate
pages and 2,000 phishing pages. The results showed that
their method achieved an accuracy of 93.18% in detecting
phishing websites.

Bozkir et al. proposed a method for computing similarity
ranks between web pages based on their layouts. The
method involves first extracting layout features from web
pages They used a clustering algorithm to group web
pages with similar layouts, and then computed similarity
ranks between pages within each cluster. using a dataset
of 500 web pages and compared it with several existing
methods for computing web page similarity, including
content-based and URL-based methods.

akaev et al. proposed a method for evaluating the
subjective similarity between web interfaces using a
Kansei Engineering-based Artificial Neural Network
(ANN). They capture users' subjective impressions of
web interfaces and used an ANN to learn the relationship
between the KEF and the similarity scores assigned by
users. Also compared their method with other similarity
evaluation methods, such as Structural Similarity Index
(SSIM) and Mean Squared Error (MSE).

J. Zeleny et al. proposes a novel approach to web page
segmentation that is based on the concept of "box
clustering." ,clustering rectangular boxes that represent
different Ul elements on a web page, and then using these
clusters to guide the segmentation process. The proposed
method was evaluated on a large dataset of web pages and
compared favorably with existing methods in terms of
accuracy and efficiency.

I. Althomali et al. proposed a machine learning-based
approach that automatically analyzes the visual content of
DOM-based presentation failure reports and classifies
them according to the underlying cause of the failure. The
approach uses a combination of image processing
techniques and machine learning algorithms to extract
visual features from the reports and classify them into
categories such as layout, text, and image-related failures.

G. L. Breton et al. proposed a declarative approach to
specifying layout constraints using formal languages such
as Constraint Handling Rules (CHR) or natural language.
The approach enables developers to specify the layout
constraints independently of the implementation, which
can facilitate automated testing and reduce the time and
effort required for manual testing.

Z. Tatlock et al.proposed a method for automatically
verifying the accessibility of web page layouts using
formal verification techniques. The method uses a
combination of constraint solving and program synthesis
to generate a set of layout rules that ensure accessibility.
The rules can then be verified automatically using an
SMT solver.

R.P. et al. proposed Phishing detection systems can use
various techniques to analyze the layout and structure of
user interfaces, including machine learning algorithms,
image processing techniques, and rule-based systems.
These techniques can help to identify suspicious patterns
and anomalies in the layout and structure of web pages,
which may indicate the presence of a phishing attack.

Goyal et al. compare the effectiveness and efficiency of
different web automation tools such as Selenium,
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Testim.io, and Appium. They conclude that Selenium is
the most widely used and effective tool for web
automation due to its flexibility, support for multiple
programming languages, and extensive documentation.

Khalid et al. evaluate the effectiveness of automated
testing techniques for web applications. They measure
effectiveness in terms of code coverage and fault
detection rate. The study concludes that automated testing
techniques are more effective than manual testing
techniques, with fault detection rates increasing
significantly when automated testing is used.

Malik et al. evaluate the efficiency of various web
automation techniques. They measure efficiency in terms
of time taken to execute the tests and the resource
utilization of the tools used. The study concludes that
automated testing techniques are more efficient than
manual testing techniques, with Selenium and TestNG
being the most efficient tools for web automation.

Ali et al. evaluate user satisfaction with different
automatic web page layout techniques. They measure
satisfaction in terms of ease of use, aesthetic appeal, and
functionality. The study concludes that genetic
algorithms and ant colony optimization are the most
satisfying automatic web page layout techniques.

Aydin et al. evaluate the effectiveness of machine
learning algorithms such as decision trees, random
forests, and support vector machines for automatic web
page layout. They measure effectiveness in terms of the
similarity of the layout produced by the algorithm to the
layout produced by human designers. The study
concludes that decision trees and random forests are the
most effective machine learning algorithms for web page
layout.

Abd El-Latif et al. compare the effectiveness and
efficiency of different automatic web page layout
techniques. They evaluate the techniques in terms of the
quality of the layout produced, the time taken to produce
the layout, and the resource utilization of the techniques
used. The study concludes that genetic algorithms and ant

colony optimization are the most effective and efficient
techniques for automatic web page layout.

Liu et al. proposed a deep learning approach for
automatic web page layout. They use a convolutional
neural network (CNN) to learn the layout of existing web
pages and then generate new layouts based on this learned
knowledge. The study concludes that the proposed
approach is effective in generating visually pleasing and
functional web page layouts.

Joo et al. proposed a reinforcement learning approach for
automatic web page layout. They use a policy gradient
algorithm to learn the optimal layout of a web page based
on user interaction data. The study concludes that the
proposed approach is effective in generating user-friendly
web page layouts.

Chae et al. evaluate user satisfaction with different
automatic web page layout techniques using machine
learning. They measure satisfaction in terms of ease of
use, aesthetic appeal, and functionality. The study
concludes that the proposed deep learning approach is
effective in generating visually pleasing and functional
web page layouts.

Wang et al. proposed a deep learning approach for
automatic web page layout using a hierarchical attention
network (HAN). The study demonstrated that the
proposed approach outperformed other state-of-the-art
methods in terms of both objective metrics and subjective
evaluations.

yang et al. proposed a reinforcement learning approach
for automatic web page layout using a policy gradient
algorithm. The study showed that the proposed approach
was able to learn effective layouts that achieved high user
satisfaction and improved the user experience.

Memom et al. proposed Al and ML techniques for
different types of layout testing, such as visual layout
testing and semantic layout testing, as well as various
metrics for evaluating layout quality, such as user
engagement, accessibility, and performance. It also
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examines various tools and frameworks that have been
developed for automated web layout testing, including
visual diff tools, assertion-based testing frameworks, and
machine learning-based approaches.

Wu Zhang et al. provide comprehensive overview for
different types of similarity measures, such as content-
based similarity, structure-based similarity, and link-
based similarity, as well as various features and attributes
that can be used to calculate similarity, such as text
content, HTML tags, and URL structure. It also examines
various tools and frameworks that have been developed
for web page similarity analysis, including text similarity
libraries, clustering algorithms, and machine learning-
based approaches.

Razavian et al. provide different tools such as Applitools
and Percy for different types of layout testing, such as
visual layout testing and semantic layout testing, as well
as various metrics for evaluating layout quality, such as
user engagement, accessibility, and performance. It also
examines various tools and frameworks that have been
developed for automated user interface layout testing,
including visual diff tools, assertion-based testing
frameworks, and machine learning-based approaches.

Shokouhiet al. proposed machine learning-based
approaches with crowd-sourcing methods for different
types of user interface similarity metrics, such as visual
similarity metrics, structural similarity metrics, and
functional similarity metrics.

Al-Blushi et al. proposed W3C Markup Validation
Service for detecting and resolving layout faults on web
pages, such as the diversity of web page layouts, the need
for effective testing strategies, and the potential for false
positives and false negatives.

Proposed methodology

Data Collection: The first step in the proposed
methodology is to collect data that will be used to train
the machine learning model. This includes collecting data
on web page layouts, such as images, HTML code, and
CSS files.

Feature Extraction: Once the data has been collected, the
next step is to extract relevant features from the data that
will be used as inputs to the machine learning model. This
may include features such as color, font size, layout, and
element positioning.

Training the Machine Learning Model: Once the features
have been extracted, the next step is to train the machine
learning model. This may involve using techniques such
as deep learning, neural networks, and decision trees to
classify web page layouts as either "good" or "bad" based
on their features.

Testing and Evaluation: Once the machine learning
model has been trained, the next step is to test and
evaluate its performance. This may involve using a test
dataset to evaluate the accuracy of the model, as well as
identifying any weaknesses or limitations.

Integration and Deployment: The final step in the
proposed methodology is to integrate the machine
learning model into the web page layout testing process
and deploy it in a production environment. This may
involve using the model to automatically classify web
page layouts as they are being developed, and providing
feedback to developers on any layout faults or issues that
need to be addressed.

Conclusion

In conclusion, the use of machine learning techniques for
automatic web page layout has the potential to greatly
improve the efficiency and effectiveness of web design
and development. By leveraging the power of machine
learning algorithms, this approach enables web designers
and developers to automate the process of creating
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effective and visually appealing web page layouts, which
can ultimately lead to better user experiences.

The reviewed literature on automatic web page layout
using machine learning has highlighted various
approaches and techniques that have been used in this
field. However, it is important to note that automatic web
page layout using machine learning is still a developing
field, and there are challenges that need to be addressed,
such as the need for high-quality training data, the need
for effective evaluation metrics, and the need for ongoing
maintenance and updates to ensure the accuracy and
effectiveness of the models.
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