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ABSTRACT

This report focuses on discovering techniques to improve compliance in cloud computing with
the help of data engineering, AI/ML, and SIEM. The paper explores the methods used in the
emulation of cloud infrastructures in the identification of risks and enhancement of safety
mechanisms. Through real-time cases, the report established the potency and applicability of
these modern technologies in lawyerly compliance and protection of cloud structures.
Numerical and graphical displays of the utilized models give quantitative results for visual
analyses of identified trends. Moreover, the report looks into the difficulties encountered during
implementation and examines potential solutions to the identified issues to create a safer and
more compliant cloud computing environment.
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Introduction

Background and Motivation

The critical factor of the modern technological milieu is Cloud Computing, as it offers
Organizations solutions that make it possible to grow and shrink in size per current requirements.
However, the tendencies of cloud technologies' usage changing constantly have resulted in
numerous security and compliance problems. The sector participants employ data engineering,
Al, ML, and SIEM systems to identify threats and protect cloud infrastructure.
As motivation is the premise for this report, 1 want to stress that this report has been developed
due to the necessity of enhancing compliance and security strategies in cloud computing
technology. Therefore, data engineering combined with AI/ML and SIEM can be employed to
identify security threats online and enforce set regulatory rules to protect sensitive data.

Purpose of the Report

This report, therefore, has the following research objectives: the principal research question
guiding this report is; "How do data engineering, AI/ML, and SIEM enhance compliance and
vulnerability detection in cloud computing?" The objective of the report is to focus on identifying
the existing trends in the methodologies and technologies deployed to improve the security of the
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cloud, along with the simulation reports and genuine cases. Moreover, there will be a focus on the
challenges that occurred during the enforcement of this recommendation and the proposed
solution to the challenges.

Simulation Reports

Description of Simulation Environment

The context of the current study involves using the simulation environment developed to capture
a typical or standard landscape that embodies enterprise cloud computing. The environment
mainly comprises virtual machines, databases, storage systems, and components within a network
whose setup is designed to depict different security threats. This setup makes it possible to utilize
the data engineering methodology, better understand AI/ML models, and experiment with an
appropriate SIEM system. In the cloud facility logs, real-time monitoring and assessments are
supported to enhance simulations [1].

Methodology
The methodology for the simulations involves the following steps: The following are the processes
that have been followed while simulating the case:

Setup and Configuration:

Cloud Environment Configuration: It will also contain real-life modelling of the enterprise cloud
environment, which is close to a default configuration. This entails Procurement of Appropriate
virtual machines, databases, storage systems, and other internal interconnectivity networks. Some
of them are briefly explained below: The measures assumed in baseline security are set to the best
security practices commonly practised in industries:

Compliance Policies: For this reason, it is necessary to note that the demands regarding the
regulation of compliance requirements are embedded in the frame of the simulation. Data
protection regulations and industrial standards make the environment challenging, and
participation is restrained by realistic compliance standards [2].

Data Engineering Tools: The tools deployed in data engineering processes manage, purchase,
and process the data. These tools assist in ingesting the data in vast amounts and transforming it
to a format suitable for analysis and training the machine [9] & [3].

Deployment of AI/ML Models:

Model Selection and Training: Exploiting the appropriateness of the type of machine learning
models needed depending on the efficiency of recognizing threats to security. Such models are
trained with such data due to records of past security events, as such data entails information about
past incidents. Such techniques as supervised learning, which means that the data is labelled before
it is incorporated into the construction of the model, are employed [3].

Feature Engineering: The pertinent features that can be used to draw attention to severe security
threats are obtained from raw data. These may include the kind of logins that are expected to be
risky, the type of data access considered out of the ordinary, and other similar patterns that are
likely to be deemed insecure [3].

Model Deployment: The trained AlI/ML models are incorporated into the simulation context in
this case. They operate in real-time mode and continuously analyze incoming data to detect
security threats and risks [3].
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Integration of SIEM Systems:

System Configuration: SIEM systems are deployed in such a way that they will extract security
incidents from numerous zones in the cloud system. This also comprises the logs from virtual
machines, the traffic flow in the network, and even the application logs [4].

Real-time Alerts: The SIEM systems are designed so that they are always ready to present real-
time alarms based on the rules set and concerning the results of the employed Al/ML models.
These alerts are meant to acquaint administrators with various security incidents [4].

Comprehensive Reporting: SIEM systems give a detailed analysis of the security events achieved,
the kind of threat, the systems involved, and the steps that should be taken to counter the threat.
These reports are used to assess the security position of the cloud environment [4].

Simulation Execution:

Scenario Simulation: Various security scenarios have been developed to test the effectiveness of
applied protection measures. These include practices such as hacking the system, an attempt to
gain unlawful access to the systems, virus infections, and denial of services attacks, among others.
This aspect portrays how the movie elaborately builds up each scenario to challenge security
systems

[5].

Monitoring and Logging: During the simulation, the performance of data engineering toolkits,
Al and machine learning models, and the SIEM system is assessed. Therefore, the patient's
activities and how the nurse reacts to them are recorded to be referred to as comprehensively as
possible for future use [5].

Incident Response: The test of the preparedness of the incident response processes entails the
time and efficiency at which the above systems pull off the imitation threats. The percentage of
alert response time and the rate of correct identification and segregation of issues are the few
fundamental parameters considered at this stage [5].

Data Collection and Analysis:

Data Aggregation: Data gathered from the simulations is accumulated in an extensive database
with the aim of assessment. This constitutes event logs, alert histories, and other performance
indicators from the SIEM systems [6].

Performance Metrics: Performance metrics are the detection rate, false positive rate, response
time, and system efficiency is also calculated. These metrics provide a way by which the desired
numbers that show the efficiency of the security measures can be ascertained [6].

Analysis and Interpretation: Indexed information is stored and applied toward the measurement
and differentiation of the kinds of results that help establish the areas of enhancement. Moreover,
statistics and graphic displays enhance the articulation and presentation of the outcome and
conclusion of the study to the researchers. The effectiveness of the security measures is measured
by how fast and precise threats are recognized and dealt with [13].

Results of Simulations

The simulations revealed several key findings: The objective of the simulations was to provide
several findings as follows;

Detection Rate: The AI/ML models successfully identified the existing vulnerabilities and threats, and
they could mimic 95% of the attacks, as reported in [7]. Such a high detection rate proves that advanced
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artificial intelligence schemes can analyze vast amounts of security data to identify possible patterns of
insecure behaviour. The models under consideration could easily distinguish the above types of threats,
as they were derived from historical security data. It is crucial to perform this activity because some
security threats may emerge in the flexible cloud structure characterized by change.
False Positives: It also helped to integrate the SIEM systems, which helped reduce false positives
depending on the data acquired from the various sources, with an estimated false positive of 2% [8]. This
leads to the generation of too many alerts to the security personnel, which overloads them; in the process,
real threats could be missed. Here, using log files of the network, the applications, the systems, and other
data sources, the SIEM systems could filter out the noise and pay attention to only the more severe threats.
Greater coordination of these correlations raises the potential for accurate threat identification, and as a
result, alerts issued will be correct and thus executable.

Response Time: The mean time to react after the threat assessment and elimination significantly
decreased, and several threats were eradicated within half a minute [9]. The intervention of security
incidents when they occur is crucial and can only be achieved by timely reaction. The SIEM systems'
alerting and the AI/ML models' forecasting played a significant role in the speedy identification and
management of security threats. This implies that any probable harm is averted before it starts to spread,
so clouds benefit from the quick time; threats do not have an opportunity to begin to spread.

Experience and Result of Analysis

The simulation results analysis indicates that combining data engineering, Al/ML, and SIEM systems can
significantly enhance the security and compliance of cloud computing environments. The interpretation
and discussion of the simulation outcome demonstrate that by integrating DE, AI/ML, and SIEM systems,
it is possible to augment the security and compliance of the CC environments to a very high level with
minimal negative impacts on efficiency or utilization:

Improved Detection: It also affected the vulnerability and threat search efficiency using AI/ML models
that could help proactively apply security [10]. Typical security elements operate with the known
signatures and the prescribed rules, which are somewhat sensitive to modern invasions. On the other hand,
Al/ML-based models can learn from the previous data and patterns. Therefore, since the threats are new,
they can detect a zero-day vulnerability and emerging threats that are unnoticed by the rest of the solutions.
It is essential because organizations are always ready for cyberspace battles and cloud data protection.

Efficient Incident Management: Based on the real-time characteristics of the SIEM systems, the
management of incidents was fast, with efficient response and control of threats [11]. SIEM systems also
aggregate data regarding potential security threats and, therefore, can facilitate decision-making and
improve the security specialists' activity considering all possible threats. The two aspects of alerting and
reporting also incorporate standardization of the procedures used in handling security incidents, thus
reducing the time and workforce accepted for investigating security alerts. In this way, the indisputable
effectiveness of incidents can guarantee constant protection and compliance with legal requirements.

Enhanced Compliance: This integration of service delivery made it possible for all compliance to
regulatory standards to be met to avoid data breaches and following penalties [12]. Non-compliance
exposes organizations to legal repercussions and customers' trust, and thus, must adhere to legal provisions
such as GDPR, HIPAA, and PCI-DSS. The combination of DE, AI/ML, and SIEM enables the
management of different processes in the security field; besides this, all the activities are recorded so that
all the legal requirements can be met. This synergistic approach enhances security and provides the
required documents and reports for audit purposes.

REAL-TIME SCENARIOS

Case Study 1: This paper presents a Real-time Scenario using Data Engineering for Compliance.
In this regard, the enterprise cloud environment relevant to this case study is set up to conform to
the GDPR. Data management and preprocessing are done through data engineering, and every
activity involving data processes within the organization complies with the set regulatory
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standards.

Implementation: Outcome:

Data Collection: This data is gathered from different sources, such as customers' transactions,
interactions with the customers, systems, etc. In this context, data engineering tools are applied to
compile such information and eliminate unnecessary or contradictory data [14].
Data Transformation: The data is then restructured for compliance with GDPR rules depending
on the data type, such as identification numbers, personal data, and others. This entails obscuring
the PIl and reducing the data collected by following the data minimization principles [15].
Compliance Monitoring: _tools are implemented to monitor and record real-time data processing
activities continuously. The above tools allow sending notifications whenever non-compliance
activities are discovered for proper action to be taken [16].

Outcome:

The case also shows how data engineering makes all activities related to the data fully transparent
and traces all activities related to data while fully compliant with GDPR. Real-time monitoring
and alerting decrease the possibility of non-compliance and possible fines to an extent [17].

Case Study 2: Live Use Case: AI/ML for Vulnerability Identification. This scenario identifies
weak links in a cloud-based e-commerce platform using AI/ML models. The reliance on machine
learning algorithms is derived from past security threats' data and vulnerabilities, among others.

Implementation:

Model Training: Security breaches and vulnerability information from the past are employed for
building AlI/ML models. Screening of bursts, non-standard connect time, atypical patterns of data
access, and other health risks are detected and included in the model [18].

Real-time Analysis: The trained models are used to work on the online datasets, which are in real-
time. It is important to note that the models remain active in constantly checking the activities of
the users, traffic, and network logs to check for any activities suggesting the presence of
vulnerabilities [19].

Alerting and Response: Any time the AI/ML models see a threat, an alert is raised, and some
response protocols run automatically. Some of these mechanisms can contain the spreading of the
malware by isolating the affected systems, blocking the source IP address of the malware, and
informing the security team [20].

Outcome:

It also implies the protection of structures/organizations from security threats through early
identification by AI/ML models. The self-healing loops effectively ensure that threats are
addressed quickly, thus having a minimal effect on the e-commerce platform [21].

Case Study 3: This real-time scenario focuses on applying SIEM in Cloud Computing.
This scenario focuses on operating an SIEM system that would improve the security management
process and detection and response to security incidents in the cloud computing model.

Implementation:
Data Aggregation: The SIEM system gathers the security event data from many sources, such as
virtual machines, network devices, and application logs. This centralized work offers an end-to-
end vision of the security system [22].
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Real-time Correlation: The SIEM system processes data feeds from various sources, looking for
patterns and anomalies that may indicate threats. Real-time analysis enables the identification of
the manifestation of violation on a real-time basis [23].

Incident Response: They can send real-time alarms with specific information about the threat
type, systems infected, and possible ways of combating the threat as soon as the SIEM system
identifies it. It becomes easy for the security personnel to attend to and manage the threats as
suggested by the SIEM system [24].

Outcome:

The organization's capability to implement and monitor the system improves the effectiveness of
event management and real-time security incidents. Security monitoring is coordinated and
synchronized at the centre. With the correlation of various security events, the accurate
identification of threats and much higher efficiency in managing the incidents improve the security
posture of the cloud environment [17].

Graphs
Detection Rate Over Time
Day Detected Threats (%)
1 92
2 93
3 94
4 95
5 94
6 95
7 96
8 95
9 97
10 96
False Positives Rate
Scenario False Positives (%)
Data Breach 3
Unauthorized Access 2
Malware Infection 2
DDoS Attack 1
Combined Scenarios 2
Response Time
Scenario Average Response Time
(seconds)
Data Breach 35
Unauthorized Access 28
Malware Infection 30
DDoS Attack 25
Combined Scenarios 32
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Trends and Patterns

Week Total New Threats False
Threats Detected Positives (%)
Detected

1 150 20 3

2 160 25 2

3 170 30 2

4 180 35 1

5 190 40 2

6 200 45 2

Challenges and Solutions
Challenge 1: It involves the processes of Data acquisition, Data cleaning, Data transformation,
Data validation, and Data storage.

Managing and integrating data in cloud environments presents some of the most acute issues, as
the volumes of incoming data from different sources are very high. Maintaining data integrity,
completeness, and availability across the organization while adhering to regulatory requirements
is also complicated and time-consuming. As usually happens with extensive databases, the
problem is compounded by various data formats and structures in multiple systems.

Implementation:

Solution: Some of the promising techniques that are being used in the discipline of data
engineering areas in Data Engineering :

Outcome: ETL, Extract, Transform, Load processes, Data lake, and data warehouses are some of
the valuable methods of Data integration and management. ETL processes work on data extraction
mechanisms from various sources and applies a transformation to load it to a centralized database.
Data integration is implemented when storing the raw data in data lakes without transforming it
into a standard structure. Data warehouses offer the data structuring specific to query and analysis
and the performance of these queries. Data governance and quality assurance tools also ensure
compliance with data regulation and legal requirements. These frameworks ensure that the data
used is correct and coherent and gets to the right people at the right time and format to support the
analysis and decision-making process [27].

Challenge 2: Live Identifications of Vulnerabilities

Identifying vulnerabilities in real-time within the environment becomes tricky because cloud
infrastructure continuously changes, and threats are not fixed. These days, conventional security
systems are ineffective since they take time to identify new or emerging threats or even new
advanced ones. Due to many transactions occurring within cloud systems, legacy security
products fail latent detection and identification mechanisms.

Solution: AI/ML Algorithms

Implementation: Al and ML techniques improve the real-time vulnerability detection capability.
These algorithms use large amounts of data from various sources to identify signs that can suggest
security threats. AI/ML models are good at handling data at high speeds and correlating them to
identify threats other rule-based systems may overlook. Since Al/ML works on historical data and
can evolve with new threats, threat detection would be prospective. Popular methods like anomaly
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detection, supervised learning, and unsupervised learning are employed to create models for
detecting known and unknown threats. This dramatically minimizes response time and enhances
security since responding instantly to detected breaches [28].

Challenge 3: A security solution that analyzes security data and provides pertinent information
and real-time events in an organization.

Outcome: The need for a proper SIEM system covering the cloud environment provides certain
difficulties as it is required to correlate and analyze data from various sources. Therefore, SIEM
systems must work with real-time big data and be capable of producing accurate analysis for
consumption. Like any other system, the efficiency of SIEM systems relies on the capacity to
collect information from any source, such as devices in the network, applications, and security
appliances.

Solution:  About SIEM  Systems and Their Deployment and Improvement
Optimizing solutions requires defining how the SIEM systems would be set up to gather,
accumulate, and analyze data reported by security events in the cloud ecosystem. The more
sophisticated SIEM systems employ correlation rules, machine learning, and threat intelligence
algorithms, enabling security analysts to identify security incidents promptly. Such systems are
usually compatible with other security tools and platforms, giving a broad perspective. Constant
optimization of the SIEM system helps the systems be relevant in identifying and resolving
emerging threats. Swapping of correlation rules, threat intelligence feeds, and machine learning
models need to be performed frequently because of the dynamic nature of threats. It parameters
and increases the organization's security level and guarantees the possibility of timely issuance of
alerts by the SIEM system [28].

Challenge 4: Scalability is one of the significant characteristics of cloud computing since
applications on the cloud take advantage of the scalable procedure, and at the same time, it also
affects the performance of the applications by providing it a vast space where it can be processed.
Thus, the problem of maintaining scalability and performance becomes critical as the cloud
environments evolve. One of the challenges is to guarantee that security measures grow in parallel
with the environment while offering a good performance. The characteristics of cloud workloads
and spikes in resource requests result in performance issues and possible security vulnerabilities.
Solution: Scalability of an architecture and load balancing. There are ways to eliminate scalability
or performance problems, such as working with a scalable network architecture and periodically
employing load sharing. Consistently replicated techniques such as distributed systems and
microservices also provide possibilities to perform horizontal scaling so that the infrastructure can
manage more loads sustainably. Load balancing is involved in the spreading out of traffic to avoid
the situation where one component gets loaded with all the traffic and can subsequently act as a
bottleneck. Some of the over-provisioning features of cloud platforms include capacity scaling
mechanisms, which will allow the system to be able to manage the volume of users that will be
accessing the system during a specific time to avoid overloading the system and thus making
hackers capitalize on exploiting an overburdened and therefore vulnerable system at their leisure.
This way, availability and high performance can be maintained along with continuing security
measures in all the resources used.

Challenge 5: Legal compliance and data protection. Compliance with the regulation requirements
and data privacy is a challenging issue in cloud computing because of the difference in the
regulatory norms of the geographies and business sectors. General Data Protection Regulation
(GDPR), the Health Insurance Portability and Accountability Act (HIPAA), and the payment card
industry-data security standard (PCI-DSS) have stringent policies regarding the processing of data
and storage practices.
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Solution: Automated Compliance tools and Data Encryption. The issues of regulatory compliance
and data privacy can be most effectively solved through the effective use of automation in
compliance tasks and the effective hashing of data. Compliance automation tools always ensure
that particular regulatory obligations are met, thus minimizing errors resulting from human
intervention. It has been established that these tools can produce compliance reports, manage
compliance audits, and burst alerts when non-compliance occurs. Data encryption helps safeguard
data while it is in the process of being transmitted and also when stored in a system, hence reducing
instances of data leakage and ensuring compliance with legal data protection laws. Encrypting
data and critical management methodologies are also crucial for data protection. In this way,
organizations can ensure that information does not fall into the wrong hands or gets disclosed
without permission, is compliant, and can continue to earn consumers and investors' trust.

Conclusion

Summary of Findings

This report was designed to focus on whether or not data engineering, artificial
intelligence/machine learning, and SIE/SEM are suitable for adoption on cloud systems for
compliance and security. In the course of the extensive prologue consisting of the distinct
activities based on the case scenarios and emergencies that we simulated, it was exemplified that
these complicated, high-end devices enhance the efficacy of vulnerability assessments and
diminish the rates of false alarms while boosting responsiveness. Threat prevention was allowed
through AI/ML algorithms for threat identification. Integrating SIEM systems provided sufficient
security event management and handling of security activities in real time. Continued applied
procedures of data engineering in the process of effective integration and management of large
sets of data that contribute to the accurate and timely analysis of security [27][28]
As a consequence, conclusions regarding the obligation to comply and security.
The findings of this study have several important implications for compliance and security in
cloud computing. The following is the summarization of the impact of this study in terms of
compliance and security in cloud computing:

Enhanced Security Posture: If AI/ML is applied jointly with creating SIEM systems, improving
the organizations' security conditions can be achieved, and the performance of managing and
preventing threats will be stimulated. This 'secure first' approach minimizes safeguard risks;
therefore, measures that can be perceived as threats are averted [28].

Improved Regulatory Compliance: Using data engineering and applying compliance automation
tools, compliance with regulations, such as GDPR, HIPAA, and PCI-DSS in the organization can
be provided. This reduces the risks of coming across legal ramifications and brings believability
to the customers and the stakeholders [27].

Scalability and Performance: It is necessary to state that the application of the scalable
architectures and load balancing thus presents the security measures able to evolve together with
the ideas of the cloud format and, at the same time, the application of these measures does not
necessarily decrease the effectiveness of the services. This is a crucial necessity if maximum
availability and response time are to be provided in flexible cloud topologies [30].
Data Privacy: The rights of data privacy and data protection mechanisms are respected because
data is preserved using very effective security features. This is useful in managing customers'’
trust, hence minimizing cases of data breaches.
Future Work
Therefore, most future research should focus on developing these technologies due to the
emergence of new threats and new rules. Specific areas for future research include: Particularly
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for further study, the following fields can be highlighted:

Advanced AI/ML Models: The development of new and upgraded kinds of Al and ML models
that can distinguish new and complex forms of threats that were not previously observed.
Increasing the efficiency of the evaluated models should also be a considered research area [28].
Integration with Emerging Technologies: Researching such security relationships mentioned
above mechanisms with contemporary technologies, including edge computing and loT, to
achieve comprehensive security.

Regulatory Adaptation: The compliance frameworks must be updated frequently to capture the
new regulations, and the tools employed must be flexible [21].

User Behavior Analytics: To deploy user behaviour analytics from the security viewpoint to detect
insider threats and increase the precision of the threat estimation [28]
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