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Abstract

Obiject healing plays a crucial role in the realm of Ul tests, serving as a fundamental mechanism that enhances the
resilience and stability of automated testing frameworks. As applications undergo constant changes, whether
through updates in user interfaces or the addition of new features, the elements within those interfaces often change
in ways that can disrupt automated tests. Object healing techniques address these disruptions by allowing test scripts
to adapt to changes in Ul elements, ensuring that tests remain valid and effective. This adaptability is particularly
significant in dynamic environments, where the cost of maintaining outdated tests can be substantial.

This paper provides a comprehensive overview of the importance of object healing in Ul tests. It explores the
fundamentals of object recognition and examines various techniques for effective object recognition. Additionally,
the paper delves into self-healing techniques using Healenium, a tool specifically designed to support Ul
applications built on React. Furthermore, it discusses the optimization of machine learning algorithms to enhance
object healing in Ul tests, and outlines best practices for object healing in continuous integration environments. The
paper concludes with recommendations and insights into future trends in this rapidly evolving field.

Keywords: Ul automation, Element recognization, self-healing techniques, Healenium, Object healing,
decision tree algorithm
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Introduction

Obiject healing is an essential concept in the realm of Ul automation, particularly as applications evolve and user
interfaces change over time. For researchers and students focusing on Ul automation tests, grasping the nuances of
object healing is critical for maintaining robust and reliable test suites. Object healing involves the process of
automatically identifying and adapting to changes in Ul elements, ensuring that test scripts continue to function
even when the underlying application undergoes modifications. This adaptive capability is vital for sustaining the
efficiency and effectiveness of automated testing, minimizing maintenance efforts, and enhancing the overall
testing experience.

As applications become more complex, particularly in web and mobile environments, the need for advanced object
healing techniques becomes apparent. Researchers should explore the various strategies that can be employed to
effectively handle the dynamic nature of Ul elements. For instance, in web applications, leveraging unique attributes
or hierarchies can help automate the identification of elements even after significant changes have occurred. If html
files are not developed with proper class elements and each deployment, recognization keeps changing or if any
new elements introduced, that impact old element recognization, then automatic identification of objects using self-
healing techniques with Healenium will help. Paper talks this very detailed with architecture flow

Integrating artificial intelligence into object healing processes represents a frontier that researchers should
investigate. Al can enhance the decision-making capabilities of object healing algorithms, allowing them to learn
from historical data and adapt to new patterns of Ul changes. By employing machine learning techniques, automated
tests can become more resilient and less reliant on rigid definitions of Ul elements. This integration not only
streamlines the healing process but also reduces the overall time spent on test maintenance, facilitating a more agile
approach to software development and testing.

Methodology
Overview of Object Healing Techniques

Obiject healing techniques are essential for maintaining the reliability and effectiveness of Ul automation tests,
particularly in dynamic environments where elements frequently change. These techniques involve the
identification and correction of broken object references, ensuring that tests can continue to function even when the
underlying application undergoes modifications. Researchers and students focusing on Ul automation will find that
mastering these techniques not only enhances test stability but also contributes to more efficient testing processes
overall.

In the realm of web applications, object healing strategies must adapt to the unique challenges presented by browser
variability and element behavior. Advanced techniques such as XPath and CSS selector refinement, along with the
use of visual recognition algorithms, can significantly improve the resilience of automated tests. By employing
these strategies, researchers can develop more sophisticated automation frameworks that effectively handle changes
in the user interface, thus minimizing maintenance efforts and maximizing test coverage.

The integration of artificial intelligence in object healing processes has opened new avenues for achieving
robustness in test automation. By utilizing machine learning algorithms, researchers can analyze patterns in Ul
changes and predict potential breakages before they occur. This proactive approach not only reduces the time spent
on manual adjustments but also contributes to a more streamlined testing lifecycle. The exploration of Al
applications in object healing will be crucial for those aiming to stay at the forefront of test automation innovations.
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Self-healing techniques with Healenium

Healenium automatically detects and fixes test failures caused by changes in the Ul, like element IDs or class
names. It uses advanced algorithms to analyze test results, identify the root cause of failures, and make necessary
adjustments so the tests continue to work correctly.

Healenium includes the following services:
e postgres-db (PostgreSQL database to store reference selector / healing / report / DOM)
e hlm-proxy (Proxy client between Selenium server and application)
e him-backend (CRUD service)
o selector imitator (Convert healed locator to convenient format)

e selenium-grid (Selenium server)

Healenium-Proxy: Healenium-Web:

Support: Support:
4 @ Reiriots Salaniinm SelfHealingDriver S
e WebDriver java

g Selenium
Js =P WebDriver

. . BB |ﬂ Z x
Selinton  Solriid Him-proxy

*" Him-backend * < A

Selector-imitator Postgresq| Selector-imitator Postgresq|

» Him-backend *

Figure 1:_Healanium architecture and shows self-healing driver.

Role of Al and machine learning algorithms for object healing

The role of artificial intelligence (Al) in object healing has emerged as a transformative element in the realm of Ul
automation. Traditional object healing techniques often rely on predefined rules and manual interventions to address
changes in user interface elements. However, Al introduces a dynamic approach that enhances the adaptability and
efficiency of object healing processes. By employing machines learning algorithms, Al can analyze patterns in Ul
changes, enabling automated identification and mapping of elements even when their attributes are modified. This
capability significantly reduces the time and effort required for test maintenance, leading to more robust automated
testing frameworks.

One of the most significant advantages of integrating Al into object healing is its ability to learn from historical
data. Al systems can utilize past interactions with Ul elements to predict future changes, allowing for proactive
adjustments in test scripts. This predictive capability not only improves accuracy but also minimizes the occurrence
of false positives in automated tests. Additionally, Al can continuously evolve its understanding of the Ul by
processing real-time data, ensuring that the object healing strategies remain relevant as applications undergo
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frequent iterations. Researchers can leverage this adaptability to create more resilient testing environments that can
withstand rapid changes in application design.

Healenium uses a machine learning algorithm to enhance the stability of Selenium-based automated tests. Here is
a detailed explanation of how it works:

How Healenium Works

1.

Page State Analysis: Healenium analyzes the current state of the web page to detect any changes in the
Ul, such as updated element IDs or class hames.

Self-Healing Mechanism: When a test failure occurs due to a change in the Ul (e.g., NoSuchElement
exception), Healenium triggers its self-healing mechanism. It uses a machine learning algorithm to find a
new locator that matches the updated elementl.

Tree-Comparing Algorithm: The self-healing process involves a tree-comparing algorithm that searches
the current DOM state for the best subsequence and generates a new CSS locator.

Integration with Selenium: Healenium overrides the Selenium WebDriver's findElement method. If it
catches a NoSuchElement exception, it triggers the tree-comparing algorithm to start the self-healing
processl.

Database Interaction: The back-end part of Healenium uses a PostgreSQL database to store old and new
locator values, along with related information like DOM page, method name, class name, and screenshots.

Reporting: After the test run, Healenium provides detailed reporting with the fixed locators and
screenshots. It also includes plugins for Maven and Gradle to generate reports with healing results1.

Benefits of Healenium

Reduces Maintenance Effort: By automatically fixing test failures caused by Ul changes, Healenium
minimizes the time and effort required to maintain automated tests.

Improves Test Stability: Ensures that automated tests remain stable even when there are changes in the
Ul

Detailed Reporting: Provides comprehensive reports with fixed control values and screenshots, enhancing
visibility and debugging.
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Figure 2: Healanium architecture that store master locator while baselining the locator information.
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Figure 3: Healanium architecture that does auto healing is baseline locator has changes. This tree comparison
decision is done by a decision tree algorithm.

Results

This paper presents the Healenium architecture, which enables reliable and self-healing Java Selenium automation
frameworks. Automated scripts are developed for validating a web application where user profiles must be added
to issue a home policy. This page is called the "Insured"” page. To test the Healenium capability, an automated test
is run, and the master locators are captured. Then, the application is redeployed by changing the locator’s name.
Here, particularly the "First Name" and “Last Name” properties got changed. However, using the Healenium
capability, the locator was automatically healed, and the execution went successful, providing a report of the
changes.
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Figure 5: Healanium captures the locator and keep as master locator in the docker desktop.
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Figure 6: Locators for the field “First Name” and “Last Name” got changed and Healanium framework captured
successfully and healed it.
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Figure 7: Please see the decision tree algorithm score for the field: Last name”. It is 0.95

Discussion

Here are papers about optimization of object healing to make smooth running of automated Ul scripts on desktop
and mobile. Paper talks about enhancing Al techniques and implementing these techniques in CICD pipelines.

Optimize Machine Learning for Enhanced Object Healing in Ul Tests

The integration of Al and machine learning algorithms in object healing techniques has demonstrated significant
improvements in the robustness and efficiency of Ul automation frameworks. The ability of Al-powered systems
to adapt to Ul changes, predict future locator failures, and dynamically update test scripts has reduced the time and
effort required for manual test maintenance.

Training Models for Object Recognition

Constructing effective object recognition models is pivotal for bolstering the performance of object healing methods
within Ul automation. As automated testing systems increasingly depend on machine learning algorithms to identify
and engage with Ul elements, researchers and students must grasp the nuances of model training. This endeavor
entails curating apt datasets that encapsulate a wide spectrum of user interfaces, guaranteeing the resultant models
possess the resilience to recognize diverse elements across an array of applications, be it web or mobile.

Data preparation is a crucial step for training effective object recognition models. Researchers need to curate high-
quality datasets that cover various scenarios and edge cases. This involves annotating images with labels
corresponding to the Ul elements. A well-prepared dataset boosts the model's accuracy and adaptability, which is
vital in continuous integration setups where Ul changes are frequent.

The choice of algorithms significantly impacts the performance of object recognition models. Researchers should
explore various machine learning frameworks, such as Convolutional Neural Networks (CNNs), which have
demonstrated exceptional performance in image recognition tasks. By experimenting with different architectures
and hyperparameters, teams can optimize models for specific applications, tailoring their object healing strategies
to accommodate unique Ul frameworks and design patterns.

Evaluating Machine Learning Solutions in Object Healing

Rigorous evaluation of machine learning solutions is essential to ensure the efficacy of object healing techniques
in Ul automation.

Evaluating machine learning solutions for object healing demands a deep understanding of Ul automation's unique
needs and challenges. As researchers and students explore this field, they must consider the complexities of object
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healing and how machine learning can boost effectiveness. Machine learning can improve the accuracy and
efficiency of identifying and recovering objects, especially in dynamic environments with frequent Ul changes. By
analyzing diverse machine learning models, researchers can pinpoint the best approaches for different Ul
automation contexts.

A key aspect in evaluating machine learning solutions is the model's ability to generalize across various applications
and frameworks. The model should not only perform well on a training dataset but also demonstrate adaptability to
new or unseen Ul elements. This adaptability is essential for maintaining the integrity of automated tests as
applications evolve. Researchers should explore techniques such as transfer learning and domain adaptation to
enhance the generalization capabilities of their models, ensuring effective object healing across diverse platforms,
including web and mobile applications.

Assessing the model's real-time performance, particularly within continuous integration setups, is crucial.
Evaluating the speed and efficiency of machine learning algorithms is pivotal, as delays in object healing can
impede the testing process. Researchers should rigorously benchmark performance under diverse conditions,
scrutinizing how different algorithms respond to evolving Ul elements during active test runs. This comprehensive
evaluation will pinpoint the most efficient solutions capable of seamless integration into CI/CD pipelines,
accelerating feedback cycles and enhancing overall test automation effectiveness.

Best Practices for Object Healing in Continuous Integration Environments

Integrating robust object healing techniques within continuous integration environments is paramount for ensuring
the reliability and scalability of Ul automation frameworks.

Integrating Object Healing in CI/CD Pipelines

Integrating object healing into Continuous Integration/Continuous Deployment (CI/CD) pipelines represents a
significant advancement in the realm of Ul automation testing. As applications evolve and undergo frequent
updates, the stability of automated tests can be jeopardized by changes in the user interface. Object healing
techniques serve to dynamically adapt to these changes, ensuring that tests remain robust and reliable. In a CI/CD
environment, where rapid iterations and deployments are the norm, embedding object healing into the pipeline can
significantly reduce maintenance overhead and enhance test resilience.

The first step in integrating object healing into CI/CD pipelines is to establish a framework that supports automated
test execution and healing capabilities. This involves selecting a suitable test automation tool that incorporates
object healing features. Tools equipped with Al-driven algorithms can intelligently analyze failures and apply
healing strategies based on the nature of the changes detected. Researchers and practitioners should focus on
evaluating tools that not only provide healing functionalities but also seamlessly integrate with existing CI/CD
systems, ensuring that the entire process—from code is committed to deployment—is streamlined.

Once the right tools are in place, it is crucial to define clear object healing strategies tailored to the specific needs
of the application under test. Advanced techniques, such as leveraging machine learning algorithms, can
significantly enhance the effectiveness of object healing. By training models on historical test data, teams can
develop predictive capabilities that anticipate Ul changes and adapt tests accordingly. This proactive approach
minimizes the risk of test failures due to Ul changes and fosters a more reliable testing environment, ultimately
leading to higher quality software releases.
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Monitoring and Reporting Object Healing Results

Keeping an eye on and reporting the results of object healing is key to making sure Ul automation tests stay useful
and trustworthy. As researchers and students dig into the details of object healing, knowing how to track and study
the outcomes of these processes is a must. Good monitoring lets teams spot problems fast, check how well the
healing tools are working, and decide what changes to make to their automated testing setups.

Monitoring object healing results usually involve logging. By recording details of healing attempts, including the
original and fixed properties of Ul elements, researchers can spot trends over time. This data gives insight into Ul
changes and helps assess how well different healing methods work. The logs can also include visual reports showing
the Ul before and after healing, making it easier for teams to understand the impact.

Tracking metrics is key to understanding how well object healing is working. Things like success rate, healing time,
and false results can show how effective it is. Researchers should set a standard to compare over time. Regularly
checking these numbers helps find areas to improve, making Ul tests more reliable.

Future implementations

Despite the promising developments in automated Ul testing and object healing, several key challenges remain that
require further research and innovation:

Generalization and Adaptability: Existing object healing techniques are often tailored to specific applications or Ul
frameworks, limiting their ability to generalize across diverse environments. Researchers should focus on
developing models that can adapt to new or unseen Ul elements, enhancing the long-term viability and scalability
of automated testing solutions.

Real-time Performance: The speed and efficiency of object healing algorithms are critical, particularly within
continuous integration setups where test execution must be timely.

Predictive Object Healing

Predictive Object Healing is an emerging trend in the realm of Ul automation that leverages advanced machine
learning techniques to anticipate and rectify issues with Ul elements before they lead to test failures. In traditional
Ul automation, tests often break due to changes in the application’s user interface, such as modifications to element
properties or structure. Predictive Object Healing aims to mitigate this problem by utilizing historical data and
contextual information to forecast potential changes and adapt the automated tests accordingly. This proactive
approach not only enhances the reliability of automated tests but also significantly reduces maintenance efforts.

The core principle behind Predictive Object Healing is the analysis of previous test executions and the contextual
understanding of Ul components. By examining patterns in how Ul elements change over time, machine learning
algorithms can predict which elements are likely to become unstable or change. For instance, if a button's identifier
has historically changed after a particular type of update, the predictive model can flag this button for monitoring.
This predictive analysis allows automation frameworks to prepare for changes, thus ensuring that test scripts remain
valid and functional despite modifications in the Ul.

Implementing Predictive Object Healing requires an ecosystem that integrates data collection, analysis, and real-
time feedback into the Ul automation process. Automation tools must gather data from various test runs and user
interactions to build a comprehensive model of how Ul elements behave. This data can include metrics such as
element visibility, interaction frequency, and historical changes. By feeding this information into machine learning
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algorithms, automation frameworks can generate insights that guide test updates and adjustments, effectively
healing the automation scripts as changes occur in the application.

Integrating Al for Smart Healing

Integrating artificial intelligence into the domain of smart healing represents a significant advancement in the field
of Ul automation. As applications become increasingly complex, the need for efficient error detection and resolution
mechanisms has grown. Traditional debugging and healing processes can be time-consuming and often require
human intervention. By leveraging Al, developers can create systems that not only identify problems but also
autonomously implement effective solutions, thereby streamlining the user experience and enhancing overall
application reliability.

The integration of natural language processing (NLP) further enhances Al's ability to facilitate smart healing. By
enabling Al systems to interpret user feedback and system logs in human language, developers can gain insights
into user experiences that were previously difficult to quantify. This understanding not only aids in the immediate
healing process but also informs future design decisions, creating a feedback loop that contributes to the overall
improvement of user interfaces. Consequently, as Al systems become more adept at understanding context and
intent, their ability to preemptively address issues will significantly increase.

Conclusion

This paper provided a thorough examination of the pivotal role of object healing in Ul test automation. It delved
into the core principles of object recognition, exploring diverse techniques for robust object identification.
Moreover, the paper delved into the self-healing capabilities of Healenium, a tool tailored to support Ul applications
built on React. Additionally, it explored the optimization of machine learning algorithms to amplify object healing
in Ul testing and outlined best practices for embedding object healing within continuous integration pipelines. The
paper culminates with forward-looking recommendations and insights into the rapidly evolving landscape of this
domain.

Overall, this comprehensive guide equips researchers and practitioners with a deep understanding of object healing
and its transformative impact on Ul test automation.
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