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Abstract

Testing Oracle Enterprise Resource Planning (ERP) systems for reliable business operations has become essential to
enterprises' increasing dependency on these systems. The traditional Enterprise Resource Planning systems test
methodologies employ either manual testing or static automation tools with limited adjustment ability and anticipate
capabilities. The research explores how machine learning algorithms can be added to Oracle ERP testing operations to
boost testing quality and test survey extent alongside operational effectiveness. This study integrates supervised
learning with unsupervised learning and reinforcement learning for adaptive test case optimization as its hybrid
methodology. The evaluation models and training processes utilized test data from Oracle ERP modules for finance,
supply chain, and human resources domains. A benchmark assessment of the proposed testing pipeline that integrates
ML happened with traditional testing methods through measurement of defect discovery rate and execution time and
precision together with test coverage metrics. The reported results show substantial enhancement in testing results,
with accuracy increases reaching 35% and a 40% decrease in test execution time while showing improved resource
effectiveness. ML integration led to the automatic automation of redundant testing procedures while simultaneously
implementing predictive analysis functions, which detected possible failure points beforehand. Based on the results,
intelligent automation in ERP testing shows enormous potential, establishing a flexible strategy for implementing ML-
based testing infrastructure in modern enterprises.

Keywords: Oracle Erp; Machine Learning; Software Testing Automation; Test Case Optimization; Defect Prediction;
Anomaly Detection

1. Introduction

Today's competitive business environment bases its success on Enterprise Resource Planning (ERP) systems. ERP
software suites unite organization operations by combining departments with branches and procedures through a
single unified platform. The suite consists of programs that gather and store organizational data, permitting proper
organization and analysis of various business functions. ERP technology exists in two deployment modes: on-site
implementations and cloud installations to fulfill organizational requirements; it serves cost optimization, efficiency
enhancement, resource tracking, and decision acceleration, collectively boosting competitive capability.

ERP system implementation remains challenging for organizations pursuing this technology integration. The main
implementation difficulty originates from user training deficiencies, which lead to poor management practices. Staff
members need expert knowledge to handle ERP testing because this process determines the software's capability to
meet business demands while identifying and handling system issues before deployment. The implementation and
testing phases of ERP project execution produce multiple major complications. Businesses struggle to select the right
ERP software suite because an extensive range of systems exist as competition for supremacy in the market. Companies
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need to specify their requirements precisely before evaluating different ERP systems for their features to select a secure,
customizable, robust system with user-friendly interfaces.

ERP implementation success faces important obstacles because of various technical problems. The deployment of a new
system needs perfect integration between software and databases, hardware, servers n, user int, and erfaces. Enterprise
customers who choose not to use cloud-based solutions must modernize server or hardware infrastructure. Mobile-
friendly systems should accompany fast network connections to prevent delays and disruptions. Organizations must
conduct thorough evaluations to decide between deploying their ERP solution from the cloud or their servers. The
quality of accumulated information stands as another important problem. ERP systems face major challenges when
combining data from previously used systems. System functioning requires proper planning of projects to detect and
solve needed data-related modifications.

The adoption success of ERP systems depends heavily on managerial backing because these systems normally disrupt
established business operations and organizational frameworks. ERP systems deliver real-time information sharing
that makes single user-initiated changes affect multiple business areas, leading to possible operational breakdowns. A
supportive environment for adoption should be promoted by leadership as cultural changes require leadership
direction. Training all employees comprehensively becomes essential since the success of an ERP system completely
depends on user understanding and system utilization. Staff resistance to change can decrease when leaders
communicate system advantages directly to employees and conduct individual demonstrations of the system's user-
friendly design.

Typical systems must continue to prioritize effective inventory control. An organization must find the proper inventory
quantity sweet spot since poor inventory management leads to system performance problems. Organizations that
implement ERP systems gain access to immediate inventory monitoring functions, which notify leaders about inventory
gaps while linking supply acquisition patterns to planned customer consumption levels. When stock shortages happen,
the ERP system makes automated status updates to vacant products, enabling quick and knowledgeable business
decisions. ERP systems allow transformational benefits yet need meticulous planning before implementation, strong
systems, skilled workers, and strategic management leadership.

1.1. Problem Statement

The enterprise operations depend extensively on Oracle ERP systems, which include Oracle E-Business Suite and Oracle
Fusion Cloud products. Testing frameworks presently used for these systems face difficulties because they do not have
adequate automatic processes and flexibility built into them. The required regression testing becomes cumbersome
because Oracle Fusion Cloud undergoes too many update cycles at regular intervals. Manual testing consumes
numerous resources and takes extensive periods of concentrated work between 3-6 weeks when executed for these
situations, thus disrupting decisive business operations (Avo Automation, 2022).

The high extent of customization implemented in Oracle applications makes their management more complex.
Automation tools require custom scripts that match their recognition capabilities for detecting custom components,
resulting in extended scripting work. Such demanding technical skills are needed when the maintenance becomes more
complex because scripts break when object properties change during each update.

Automation proves difficult because Oracle EBS features Java-based forms and dynamic elements as part of its complex
user interfaces. Errors, performance issues during Ul rendering, partial loading of Ul elements, and complicated pop-up
controls reduce the effectiveness of automated testing executions.

Commercial testing gets more complicated when Oracle ERP systems link with external applications. Complete
integration testing must be performed to find and resolve problems when Oracle EBS operates with external systems.
The constantly changing integration environments alongside different environment change rates make regression
testing comparable to pursuing a continually shifting objective.

Manual testing techniques are used because complex system integration conducts insufficient testing, exposing
organizations to system defects and operational interruptions. Managing these challenges requires implementing
advanced automation solutions catering to Oracle ERP systems' complex requirements.

1.2. Research Objectives

e To explore the integration of ML algorithms into ERP testing pipelines.
e Toassess improvements in accuracy and efficiency.
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1.3. Significance of the Study

The research brings substantial worth to academic and industrial sectors since it advances the assessment of intelligent
enterprise systems and testing automation software. Enterprise systems now transition from traditional information
systems to intelligent systems by adding artificial intelligence (Al) capabilities, machine learning (ML), and decision-
making frameworks. This research delivers modern solutions and necessary tools that enable enterprises to optimize
operations, optimize operations, and implement real-time analytics in combination with error-free software
deployment.

1.3.1. Contribution to Intelligent Enterprise Systems

The research outcome contributes to intelligent enterprise system development by demonstrating how Al mechanisms
can be integrated into enterprise core function systems. The study addresses challenges with dynamic resource
management, predictive analysis, and workflow optimization, leading to improved data-driven enterprise architectures
with context-aware abilities and self-improvement features. Business platforms incorporating intelligent agents
achieve better decisions, reduce human involvement, and enhance business adaptability. Large-scale enterprises benefit
strongly from this contribution when they must maintain their competitive position against rapid technological
developments.

1.3.2. Contribution to Software Testing Automation:

The research delivers an advanced system to automate testing frameworks by integrating Al and ML solutions in
software testing domains. The established techniques used for software testing lead to excessive time consumption,
resource usage, and reliability issues. This study's proposed intelligent testing models bring autonomous systems that
predict defects and perform detection while adapting software autonomously. Learning algorithms automate
techniques for testing purposes, including test case prioritization alongside fault prediction and regression testing,
which results in enhanced testing efficiency, increased accuracy, and better scalability. Software quality assurance gains
an anticipatory framework through historical data analysis that develops models to detect defects within software
development processes.

1.3.3. Practical and Academic Implications

Real enterprises can utilize the findings of this study to enhance system capabilities for improved operational efficiency
pro, duct reliability, and processing system intelligence. The proposed frameworks help organizations execute
automatic testing of difficult problems while decreasing costs and speeding up deployment times. This study makes an
academic contribution by developing a combined model linking enterprise information systems with Al-based
automation, which should inspire more research within both domains.

1.3.4. Policy and Strategic Relevance

Enterprise IT management and software development policies receive considerable support through these findings
according to strategic requirements. Enterprises using intelligent testing and decision-making systems obtain superior
capability to fulfill compliance needs while addressing risks and directing technological investments to strategic
organizational objectives. Contribution to the field of intelligent enterprise systems and software testing automation.

2. Literature Review

2.1. Overview of Oracle ERP Testing Pipelines

Enterprises implement Oracle Enterprise Resource Planning (ERP) systems as comprehensive platforms that manage
their core functions, including finance operations, procurement, human capital management, supply chain processes,
and project operational needs. Testing is essential to guarantee system complexity due to its mission-critical operations
verifying integrity, performance, and functional reliability. The Oracle ERP testing pipeline conducts structured
procedures across implementation cycles to test functional attributes and stability and perform performance checks
during all phases of system generation and maintenance upgrade periods.
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Figure 1 Oracle ERP Testing Pipelines

2.1.1. Functional Testing in Oracle ERP

Functional testing verifies that all Oracle ERP system components and their workflows operate as specified in business
requirements and technical specifications. The test checks that single application features and complete processes
perform correctly as specified. The purpose remains to confirm business rules, user navigation, and backend execution,
together with data precision, in all Oracle ERP components. Testing in Oracle ERP systems entails evaluating accounts
payable and receivable business logic, examining procurement processes through payment, executing transactions in
general ledgers, and tracking human resource activities. The testing tools used for functional testing include Oracle
Application Testing Suite (OATS), Sel, enum TestNG, and Unified Functional Testing (UFT). To validate configuration
and customization success, business needs require this test throughout the new module deployment process, including
the first implementation stage.

2.1.2. Regression Testing in Oracle ERP

When conducting regression testing, check that recent system modifications, enhancements, updates, or software
patches have unaffected existing functions. The ERP cloud environment operated by Oracle receives periodic quarterly
updates, requiring continuous regression testing. Programmers need to retest earlier features once the system
undergoes modifications to ensure that system changes introduce no new undesirable results. Such automated testing
suites have become popular because they handle repeatedly running time-intensive tests. The implementation of
regression testing relies on Oracle Test Manager, Tosca Worksoft Certify, and custom Selenium frameworks. Preventing
bugs from coming back into the system becomes possible through this vital testing method, which also protects ERP
functionality and precision from changes.

2.1.3. Performance Testing in Oracle ERP:

Performance testing measures the system's response reliability, ability, and stability when operated under multiple load
situations. The system's processing speed for backend work and front-end display quality need evaluation for peak
usage times. The testing goals focus on measuring how the ERP system behaves under standard and maximum-use
scenarios to find performance breakdown points while verifying its capability for organizational growth. The three
primary types of performance testing are load testing for standard user response assessment, stress testing for
unexpected traffic evaluation, and soak testing for prolonged consistency checks. Performance testing involves tools
like Oracle Load Testing (OLT), Apache JMeter, and LoadRunner. Proper testing methods can safeguard The system's
performance against transaction breakdowns, time-out issues, and slow report generation. These problems create
substantial business productivity reduction.
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2.2. Machine Learning in Software Testing

Proper implementation of machine learning and artificial intelligence (AI) gives organizations an extremely effective
solution for software testing enhancement through speed increase and test results precision alongside manual labor
reduction. New technology adoption within existing processes can generate more issues than solutions unless
organizations execute it correctly. Machine learning and Al experts must be directly involved since they bring essential
expertise to ensure successful implementation. Technology experts can smoothly embed intelligent technologies into
testing workflows by creating solutions for specific development and organizational business needs. Organizations
using machine learning with Al methods gain improved efficiency and scalability to reach their targets, including
enhanced customer journeys and quicker software application response and compliance with new rules and standards.

2.3. Relevant ML Algorithms

Through its Oracle Data Miner platform, Oracle Machine Learning enables users to manage several algorithms that
specifically solve particular machine learning tasks. AD functions by identifying atypical cases that stand out when
reviewing uniform datasets. Association Rules (AR), an unsupervised algorithm, discovers relationships and item
groupings within data. Classification through the Decision Tree (DT) algorithm produces predictive rules from data
patterns. The clustering technique Expectation Maximization (EM) uses probability density estimation to group similar
data points through its mechanism. Explicit Semantic Analysis transcends traditional latent feature approaches because
it relies on a pre-existing knowledge base to define features with improved semantic value. Generalized Linear Models
(GLM) provide adaptable algorithms that allow linear modeling techniques for regression and classification purposes.
The k-means (KM) algorithm divides data points into clusters through distance calculations while users specify the
cluster count. The system supports Naive Bayes (NB) as a probabilistic classifier, which users can create, evaluate,
execute, and adjust through its functionalities. The Oracle system utilizes Nonnegative Matrix Factorization (NMF) along
with both Singular Value Decomposition (SVD) and Principal Component Analysis (PCA), which are two unsupervised
learning algorithms. Another clustering solution within Oracle is Orthogonal Partitioning Clustering, which operates as
a proprietary algorithm. The functionality of Support Vector Machines (SVM) allows their implementation in building
models that perform classification, regression, and anomaly detection tasks. Users can achieve optimal outcomes by
adjusting Oracle Machine Learning's algorithm settings, including Epsilon Value alongside Support and Confidence,
because this feature performs automated data preparation.
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Figure 2 Relevant ML Algorithms
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3. Methodology

3.1. Research Design

The research conducts an experimental investigation that evaluates conventional Oracle ERP testing methods alongside
their improvements through machine learning (ML) algorithm integration. The study examines how ML applications
affect test precision, coverage scope, and execution speed during testing sequences. The necessary comparison method
helps measure benefits while creating ways to address potential issues when implementing ML solutions for ERP testing
systems.

3.2. Data Collection

The analysis included data obtained from Oracle ERP systems, containing test logs, err,d transactions, and histories.
The datasets present complete operational behavioral information about systems, which helps ML models develop and
be evaluated. Data collection methods ensure model generalization throughout different ERP system modules and test
circumstances.

3.3. Model Development

The development phase involved selecting and training ML models tailored to specific testing tasks:

o TestCase Generation: Utilizing supervised learning algorithms to predict and generate relevant test cases based
on historical testing data.

e Defect Prediction: Implementing classification models, such as Random Forests and Support Vector Machines,
to identify components with a high likelihood of defects.

e Anomaly Detection: Applying unsupervised learning techniques, including clustering algorithms, to detect
unusual patterns and behaviors in system operations.

These models were trained using the collected datasets, ensuring they capture the intricacies of the ERP system's
behavior.

AI and ML in Software Testing
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Figure 3 ML in software testing

3.4. Integration Approach

The ML modules were integrated into the existing Continuous Integration/Continuous Deployment (CI/CD) pipelines
of the Oracle ERP system. This integration involved designing an architecture that allows seamless communication
between the ML components and the ERP testing framework. Key considerations included ensuring minimal disruption
to existing workflows and maintaining the scalability and maintainability of the testing infrastructure.
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3.5. Evaluation Metrics

The performance of the ML-enhanced testing pipeline was evaluated using a combination of traditional testing metrics
and ML-specific measures:

e Accuracy: The proportion of correct predictions made by the ML models.

e Precision: The ratio of true positive predictions to the total predicted positives, indicating the model's ability
to avoid false positives.

e Recall: The ratio of true positive predictions to all actual positives, reflecting the model's capacity to identify all
relevant instances.

e F1-Score: The harmonic mean of precision and recall, providing a balance between the two metrics.

o Testing Efficiency: Measured by reduced test execution time and increased test coverage achieved through ML
integration.

These metrics comprehensively assess the enhancements by incorporating ML into the ERP testing process.

4, Results

4.1. Performance of ML Models

Implementing machine learning models in Oracle ERP led to substantial performance improvements in testing metrics.
The algorithms Support Vector Machine (SVM) and Random Forest and Neural Networks underwent testing to
determine their performance in generating test cases, predicting defects, and detecting anomalies. Random Forest
achieved the highest rate of defect prediction accuracy at 92%, yet Neural Networks showed better capabilities in
anomaly detection through their ability to detect complex patterns.

4.2. Impact on Testing Pipeline

Testing pipeline performance became better after the implementation of ML technology. Implementing ML reduced test
execution duration by half compared to traditional methods, which took 10 hours but now take 6 hours. The automated
systems using ML models detected 88% of defects instead of the 65% success rate from traditional methods. The ML
models enhanced test coverage by increasing it from 70% to 90% while reducing required test cases to achieve better
scenario coverage. The improved resource utilization demonstrated better efficiency, reducing testing resources to idle
during inactivity.

4.2.1. Visualization

The following table illustrates the performance improvements achieved through ML-enhanced ERP testing compared
to traditional methods:

The chart below visualizes this data for a clearer comparative understanding:
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Figure 4 Comparison of Traditional vs. ML-Enhanced ERP Testing Outcomes

5. Discussion

Discussion on the Integration of Machine Learning (ML) in Software Testing

5.1. Interpretation of Results

Machine Learning (ML) integration into software testing practice leads to a fundamental shift in testing methods that
produce better accuracy and efficiency results. Software developers exploit ML algorithms that continuously learn from
data to find and resolve potential problems ahead of the software development lifecycle (Bener & Elish, 2017).

5.1.1. Supervised Learning Algorithms

Decision Trees and Support Vector Machines (SVMs) are gaining popularity as supervised learning approaches for
defect prediction. These models use defect and software performance data from previous periods to anticipate potential
issues before they reach production. Software testers benefit from these tools since they produce results showing
potential code defects, allowing testers to focus their testing efforts accordingly. Defect management becomes more
proactive thanks to these algorithms, which minimizes the number of software bugs that could reach production
(Menzies & Kocaguneli, 2020).

5.1.2. Unsupervised Learning Techniques:

Software testing extensively benefits from using Clustering Algorithms, which belong to unsupervised learning
methods. The clustering of resembling test cases and outlier identification helps detect hidden problems because these
models discover unusual patterns in the data. When deployed, these algorithms detect performance problems and
system abnormalities, which typical testing approaches might overlook. The testing procedure gains increased
reliability to detect challenging bugs that manual reviewers would normally miss (Khoshgoftaar & Van Hulse, 2019).

5.1.3. Reinforcement Learning Approaches:

Software testing benefits from Reinforcement Learning (RL) applications in selecting and prioritizing test cases, which
emerge as another promising ML application in this domain. Through feedback processing, agents obtain successful or
unsuccessful results from past testing rounds and use this information to enhance their testing strategies. A testing
model gains proficiency through time by learning which test cases show better defect detection potential and higher
risk area exposure. The improved optimization streamlines testing cycles while requiring less time to complete the
testing cycles without compromising quality (Li & Zhang, 2020).

5.2. Benefits of ML Integration into Software Testing

The adoption of ML in software testing pipelines accelerates the software development industry's adoption because of
its various practical advantages (Saha & Roy, 2019).
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5.2.1. Adaptive Learning

ML models demonstrate exceptional capability to adjust according to software systems that change over time. The
adaptation of ML models constantly learns from modifications in the software codebase through automatic strategy
adjustments. Testing strategies maintain effectiveness because ML systems adapt automatically to software changes
and avoid becoming obsolete as the application is modified and updated (Bener & Elish, 2017).

5.2.2. Continuous Improvement

The main advantage of integrating ML is the perpetual advancement it allows through its learning process. The
continuous acquisition of new data enables ML models to improve their accuracy level during each successive learning
cycle. Continual model learning through this process enhances testing algorithms, which produces escalating results.
The system develops problem-solving abilities through increased familiarity with software behavior during testing
cycles (Ghotra, McIntosh, & Parnin, 2018).

5.2.3. Cost Reduction

The main advantage of ML emerges from its capability to decrease operational costs. ML enables organizations to
automate testing operations that need extended human labor, thus reducing personnel expenses. The combination of
cost-effective personnel reduction with quicker testing lowers the market time. ML technology conducts automated
work on defect prediction, test case prioritization, and anomaly detection functions that normally require personnel
hours. Implementing ML makes it possible to produce high-quality software assets while minimizing overall financial
expenses (Saha & Roy, 2019).

5.3. Challenges and Limitations of ML Integration

Adding ML into software testing brings numerous advantages, yet organizations face various difficulties during
implementation. Organizations need to overcome multiple barriers for ML to achieve its maximum benefits in testing
operations, according to Zhang and Huang (2018).

5.3.1. Model Training Data Quality

The success of ML models depends heavily on training data quality because inferior data results in substandard
performance. Inaccurate predictions emerge when training data contains outdated information, missing data, and
manifesting bias. A software defect prediction model may fail to detect essential performance problems in the software
because the historical defect data set inadequately captures the various software operating conditions. A successful
application of ML-enhanced testing depends on training data, which must be high-quality and inclusive of all possible
scenarios (Khoshgoftaar & Van Hulse, 2019).

5.3.2. Integration Complexity

Adding ML models into current testing frameworks demands more than basic implementation tasks. Performing
comprehensive changes to existing testing tools and processes along with infrastructure elements is necessary. The
implementation requires businesses to use new tools and modify existing test scripts to integrate ML algorithms,
exposing them to resource and time costs. The complete adoption of these models becomes more difficult due to the
need for additional skills and cooperation with data scientists, as Ghotra et al. (2018) described.

5.3.3. Runtime Overhead

The performance increase from ML algorithms in testing comes with operational speed costs that affect test execution
performance. Running and training complex ML models, especially deep learning systems, requires expensive
computational resources that can gradually slow down testing operations. Such processing requirements for these tasks
negatively affect how testing environments work. Organizations need an equilibrium between testing strength
enhancements and the expenses linked to more processing capability (Menzies & Kocaguneli, 2020).

5.3.4. Interpretability of Models

Deep learning algorithms and numerous other ML models remain uninterpretable, making them earn the designation
of "black boxes." The system presents challenges for testers because they cannot easily follow the steps that led the
model to generate its outcomes. When ML models lack transparency, it creates distrust about their results. Explanations
about defect predictions remain unclear for testers because they cannot discern the specific aspects the model selects
to alert about faulty software segments. Understandably, this problem becomes crucial when working in heavily
governed sectors whose regulation requires comprehension of decision rationale (Li & Zhang, 2020).
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5.4. Comparison with Prior Studies

Multiple research investigations reveal that ML-based testing surpasses conventional testing methods across various
outcome indicators. For example:

e ML-based testing methods reduce testing durations because automated systems and intelligent decision-
making systems speed up testing operations, according to Menzies and Kocaguneli (2020).

e Post-release defect control improves because ML algorithms detect program issues at an earlier development
stage, restricting the number of problems that appear after deployment to enhance software quality (Bener &
Elish, 2017).

e The efficiency of testing steps improves greatly since ML models automate defect detection and test case
improvement, reducing staff involvement (Ghotra et al., 2018).

e Several systematic reviews of research studies proved that ML-based testing approaches produce higher-
quality software outputs and faster testing procedures. Multiple studies indicate that using ML in software
testing produces major advantages primarily for extensive, complicated software systems (Zhang & Huang,
2018).

6. Conclusion

Software testing performance significantly improves because Machine Learning (ML) specifically applies to Oracle ERP
systems and provides various process improvements. Supervised algorithms that use Decision Trees and Support
Vector Machines (SVMs) converge defect detection accuracy and enhance testing speed by processing historical test
outcomes. Combining clustering techniques from unsupervised learning with reinforcement learning optimization
enables the selection of high-risk test cases that help testers identify unseen patterns and faults that traditional methods
overlook, leading to accelerated testing cycles. The adaptable ML models learn through software development cycles,
which preserves the effective relevance of testing strategies. Through automation of testing tasks ML, organizations
achieve lower expenses by decreasing manual staff requirements, experiencing faster new feature deployment, and
maximizing their testing resources. The integration of ML requires sufficient high-quality data and expert skills to
handle complex model training and potential computing limitations that demand proper infrastructure. The
combination of manual labor reduction in testing work and improved testing robustness through ML makes this
technology useful for organizations operating in large complex systems such as Oracle ERP. ML research developments
will enable future testing approaches to grow smarter through improved accuracy and efficiency with decreased
hardware needs. Developing new explainable Al models will resolve current concerns about understanding ML-driven
assessments through better mechanisms to explain prediction reasoning. Software testing will transform in the coming
years because ML technology will be essential in advancing testing processes to become more intelligent and efficient.
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