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Abstract: - Managing cloud infrastructure is not easy. When systems grow, it becomes harder to know what is happening inside
them, why something broke, or how to fix it fast. This study looks at how AWS tools CloudWatch, X-Ray, and CloudTrail help
teams monitor their cloud systems better across more than 200 AWS services. It also looks at how third-party tools like Grafana,
Datadog, and Splunk work alongside AWS to fill the gaps. The research reviewed 31 technical sources and studies to understand
how these tools work together. The findings show that combining AW S-native tools with third-party platforms reduces the mean
time to detect (MTTD) incidents by up to 40%, cuts root cause analysis time by up to 60%, and improves alert response time by
approximately 25%. A layered monitoring approach helps teams catch problems early, respond faster, and keep their cloud systems
running smoothly.
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1. INTRODUCTION

Background of the research

Cloud environments have increasingly adopted sophistication necessitating the use of advanced monitoring
solutions that can guarantee effective performance, security and reliability. Amazon Web Services, being a broad
provider of the observability tool, delivers numerous observability solutions such as the CloudWatch, X-Ray, and
CloudTrail, allowing any organization to track logs, metrics, and traces [1]. The efficient use of them in terms of real-
time data analysis and optimization of the system is however, a problem [2]. This study examines the possibility of
improving cloud visibility through integrating AWS services to achieve overall monitoring and focusing on using data
analysis methods to generate actionable information and preventive solutions to problems.

Research Aim and Objectives

Aim

The aim of the research is investigated and improves cloud observability of AWS environments using
sophisticated methods of monitoring and analytics.

Objectives
To determine the effectiveness of AWS observability tools such as CloudWatch, X-Ray, and CloudTrail.

To incorporate real-time data gathering and processing to detect system performance problems.
To understand the best practices in monitoring cloud resources and managing them effectively.

To give recommendations on how the workflows and alerting systems of monitoring in AWS can be
optimized.

Problem statement

Although there is high-technology AWS that has been offered to monitor cloud infrastructure, most
organizations have difficulties with performance optimization in their systems and real-time issue detection [3].
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Auvailable tools tend to produce a massive volume of data, which is hard to provide actionable insights resulting in
inefficiencies in managing the clouds, based on creating more operational risks.

Novel contribution

The research is important as it offers a combined method of using AWS observability tools to analyze the real-
time data, which is a detailed blueprint to use in monitoring the cloud. The paper uses an approach to simplify the

processing of the system logs and metrics and secure a more adequate, data-oriented monitoring approach within the
context of AWS.

2. LITERATURE REVIEW
Amazon Web Services (AWS) Observability Stack

2

{ Actions
i Amazon .
& i CloudWatch l I ®
L AWS S i l
Resources that m e >
use CloudWatch Amazon
CloudWatch SNS email
Alarm notification
7,7 Yy
Your custom i“I/ > B
Metrics >
Available
Statistics Auto Scaling

WS Statistics
Management Console ~ Consumer

Fig 1: AWS CloudWatch

Amazon Web Services (AWS) has a powerful set of observability resources that are used to have an overall
view of cloud infrastructure. Amazon CloudWatch forms the basis of AWS observability and it consolidates and
gathers data across different AWS services including EC2, Lambda, ECS and API Gateway [4]. It allows gathering
system logs, performance metrics, and alarms and, therefore, monitoring them in real-time. The Logs feature of
CloudWatch facilitates aggregating log streams, but also allows users to analyze them interactively with CloudWatch
Logs Insights [5]. Also, CloudWatch Metrics records the necessary performance metrics such as CPU load, memory,
and error rates, and CloudWatch Alarms provide automatic functionality when specified thresholds are violated.
CloudWatch Dashboards are customizable, allowing teams to have visual displays of these metrics, to ensure they
keep track of the systems performance [6]. CloudWatch Container Insights provides detailed insights with regard to
ECS, EKS, and Kubernetes workloads, whereas Lambda Insights experts performance optimization of Lambda
functions because of the need to monitor health conditions [7]. These instruments collectively constitute a complete
observability stack, yet the big data they generate has been a challenge to companies to manage.

AWS X-Ray- Distributed Tracing and Debugging
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Fig 2: AWS X-Ray

AWS X-Ray allows tracing to take place across the entire chain based on this, it is simpler to monitor and debug
the applications built with microservices and serverless architectures. X-Ray creates service maps by capturing
detailed request flows and traversing different AWS services, and uses them to identify bottlenecks, failures, and
performance issues [8]. The tool breaks down each individual trace into smaller parts to trace latency of requests and
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the dependencies among services. It is especially useful when operating within an environment as Amazon Elastic
Kubernetes Service (EKS) and requests have to be handled by a series of microservices and pods [9]. X- Ray is also
a part of CloudWatch combining the traces with logs and metrics and providing a single debugging experience [10].
This integration allows detecting certain problems in a complex multi-service workflow. Real-time monitoring of the
health of every service and the visualization of dependencies enables quicker troubleshooting and issues can be
resolved more efficiently [11]. The distribution of tracing on large scale has still remained a challenge and innovation
into data aggregation and processing is needed to maintain optimum performance.

"According to AWS, organizations using CloudWatch Container Insights reported up to 40% reduction in
mean time to detect (MTTD) incidents in containerized workloads."

AWS CloudTrail - Audit Logging and Governance

AWS CloudTrail is important to the governance, compliance, and security of a cloud environment. It logs all
API calls that occur in an AWS account, provides information about the person making the call, when, and where.
This renders it a priceless aid in auditing and forensic investigation [12]. CloudTrail Insights identifies patterns of
unusual API activities, including the creation or deletion of resources that are abnormal, that might indicate both abuse
and misconfiguration [13]. CloudTrail logs are stored on Amazon S3 and they can be sent to CloudWatch Logs in real-
time and further processed. CloudTrail can be used to manage this in a multi-account environment where all the
accounts are set to provide their logs into a central repository, making it easier to monitor and analyze security events
across a whole organization [14]. Other important functionalities of the tool are the ability to ensure that the industry
regulations are complied with keeping the detailed log of all operations in the AWS environment [15]. CloudTrail
functionality in security auditing is restricted by the fact that the service uses a post-event analysis method, generating
the need to more extensively use real-time monitoring and threat detection systems.

Amazon EKS Observability

Amazon Elastic Kubernetes Service (EKS) is a container orchestration service that allows deploying, managing,
and scaling containerized applications [16]. An efficient monitor of EKS needs to be a layered observability such as
control plane, data plane and the workloads. EKS automates publishing Control Plane Logs to CloudWatch, containing
information that is important to diagnose the API service server, including API server logs, and controller manager
logs [17]. This assists administrators to detect problems on the level of clusters. Container Insights also provides
insight on pod, node and namespace level metrics, allowing teams of engineers to understand the well-being of
Kubernetes workloads. AWS Distro to OpenTelemetry (ADOT) is a vendor-neutral application to gather and transmit
traces and metrics on EKS workloads over to either CloudWatch or third-party systems [18]. Also, Fluent Bit/Fluentd
may be implemented as DaemonSets to redirect container logs to CloudWatch logs or OpenSearch, and Kube-state-
metrics offers the necessary metrics about resources utilized by scaling systems in Kubernetes [19]. This holistic view
allows proactive observability and troubleshooting of applications leveraging Kubernetes but there are difficulties in
scaling observability to a large and complex containerized system.

Networking Observability

Fig 3: VPC Flow Logs

AWS offers a number of tools used to have a detailed network-leveling data. VPC Flow Logs are records of IP
traffic metadata maintained at VPC, subnet or Elastic Network Interface (ENI) level [20]. The logs are essential in
troubleshooting network connections, as well as security probes and performance tracking. Moreover, AWS Network

358



Manager offers a world map of the network topology around the Transit Gateway, Direct Connect, and comes with
features to analyze routes and check reachability [21]. The VPC Reachability Analyzer is a device that enables the
administrator to test the status of network traffic pathway between two endpoints and this helps identify a problem
during misconfiguration of security groups or network access control lists (NACLs) [22]. These tools with VPC
Network Access Analyzer, permit investigating the network traffic flows and adherence to security policies in detail.
Despite the advantageous capabilities of AWS in the context of network monitoring, large enterprises face various
challenges with dealing with the complexity of the hybrid and multi-region networks.

AWS Direct Connect Metrics

AWS Direct Connect is a high-speed low-latency, dedicated connectivity between on-premises data centers and
sources in AWS. To make sure that Direct Connections links are reliable, AWS offers a variety of measures via
CloudWatch one of which being ConnectionState that shows that the connection is in place or ConnectionBpsIngress
and ConnectionBpsEgress that show how much bandwidth is being used in both directions [23]. ConnectionPpsIngress
and ConnectionPpsEgress trace packets per second and ConnectionLightLevelTx and ConnectionLightLevelRx trace
the optical signal levels on dedicated connections [24]. The process of managing and scaling Direct connect
connections especially in multi-region setup may prove tricky and demands constant monitoring.

Amazon SageMaker Monitoring

SageMaker Model Monitor is a continuous monitor used to detect problems like data drift, quality decline of a
model and bias drift [25]. It does a comparison between baseline data obtained during training and live inference data
in order to identify any disparities. SageMaker Clarify offers model explainability by revealing training data and
predictions bias, plus assists a team in identifying feature importance and behavior of the model [26]. A CloudWatch
integration can be used to get a consistent alert system throughout all parts of the system, which means that teams are
able to react promptly to performance or data problems [27]. Although SageMaker has powerful monitoring tools, it
has become a challenge to scale these monitoring tools to handle large, complex AI/ML workloads, especially in a
multi-account, multi-region environment.

Literature Gap

Though AWS has a comprehensive variety of observability and monitoring tools, the current literature devotes
most of its attention to seminar tools, such as CloudWatch or X-Ray, without providing information on how to use
them in massive settings. Also, such tools as SageMaker and CloudTrail are well-known but not yet used to create an
overall, real-time monitoring system. There is also a lack of deeper analysis of issues surrounding scaling observability
in hybrid, multi-region and multi-cloud environments in the existing research. This vacuum indicates the necessity to
conduct surgery integrating AWS observability stack with third-party offerings, including Grafana and Datadog, to
develop their approaches to cloud monitoring to be more scalable and efficient.

3. METHODOLOGY
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Fig 4: System Flow Diagram

The study applies a secondary thematic analysis design as a technique to analyze observability functionalities
of AWS cloud computing services. The research is designed to generalize the current literature, documentation, and
case studies among other secondary data to find out the central themes pertaining to AWS cloud observability tools
and their ability to be incorporated with third-party platforms.

Design and Approach Research

The study is a qualitative research with secondary data based on AWS documentation, white papers, and articles
of the industry and case studies. In this way, the AWS tools of observability can be thoroughly learned, and their
influence on cloud environment monitoring can be achieved. Thematic analysis is especially appropriate when
conducting this research since it allows reviewing the pre-existing information thoroughly and requires neither primary
data gathering nor surveys [28].

Network Manager

AWS Network Manager provides a centralized, global view of the entire network infrastructure across AWS
Regions and on-premises locations. It allows teams to visualize all Transit Gateways (TGWs), their attachments, and
routing paths in a single unified dashboard eliminating the need to check each Region separately. This is especially
valuable in large enterprise environments where dozens of VPCs are connected across multiple Regions through a
hub-and-spoke Transit Gateway model.

One of its key capabilities is the Route Analyzer, which allows network administrators to test and validate
traffic paths between any two endpoints across VPCs, VPNs, and Direct Connect connections — without generating
actual traffic. This helps quickly identify routing misconfigurations before they impact production workloads.
Additionally, Network Manager integrates with CloudWatch to surface health metrics and events for all registered
global network resources, enabling proactive alerting when connectivity issues arise between sites or Regions.

Multi-Acc-Global-Network
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360



Data Collection

The main sources of data in relation to this study are AWS service documentation, case studies, and articles
about the industry published by AWS, third-party firms, and independent research publications. These documents offer
a deeper understanding of the AWS observability stack, such as CloudWatch, X-Ray and CloudTrail, and integration
of third-party services, such as Grafana, Splunk, and Datadog.

Moreover, a set of external research articles and white papers on cloud observability practices, industry and
best practices is also incorporated to broaden the scope of information on AWS observability offerings and their
comparative benefits to other cloud platforms. Gathering these secondary data, the study provides an overview of the
observability ecosystem of AWS and how it can be integrated with popular observability tools.

Data Analysis

Thematic analysis is an analysis form, which entails a number of steps, such as familiarizing the data,
preliminary coding, theme generation, and interpretation. Firstly, secondary sources of data are fully examined, to
make sure that there is awareness of AWS services, and the incorporation of third-party observability tools. The
essential bits of information are identified, such as the description of each of the AWS services such as CloudWatch,
X-Ray, CloudTrail, etc., the capabilities they provide and the way they assist users to gain observability within the
cloud setup [29].

This is followed by a thematic coding process to determine the repeated patterns in the data that are collected.
These patterns are divided into general themes concerning particular aspects of AWS cloud observability. A few of the
key themes identified are:

® AWS-native Observability Services: The services centered on the primary services of CloudWatch, X-
Ray, and CloudTrail, which are the cornerstones of AWS observability.

e  Third-Party Tool Integrations: Embarking on how tools like Grafana, Datadog, and Splunk leverage the
power of AWS, they have additional visualization, alerting, and monitoring capabilities.

o Network and Security Observability: VPC flow logs, guardDuty, and other network monitoring services
are being utilized to provide an end-to-end network health and security visibility.

® Performance Monitoring: SageMaker and custom metric integrations that offer monitoring of workloads.
Validity and Reliability

The study has validated and triangulated data to make the thematic analysis valid and reliable. Qualitative
methods are used to triangulate the interpretation of themes by utilizing various AWS documents, case studies and
third party sources to have a complete and objective view of the AWS observeability landscape [30]. The research
approach followed the principles of thematic analysis so the data generated the themes, and not the preconceptions,
which also ensures the integrity of analysis.

Ethical Considerations

As this study uses publicly accessible secondary data, it does not require any direct contact with respondents or
primary data gathering. But adequate citing and referencing of all the sources is followed to provide academic integrity
and to recognize the efforts made by the original authors.

System Architecture
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Fig 5: System Architectural Diagram

The AWS architectural diagram of this research with data collection process and analysis using various models
has been displayed.

4. RESULTS AND DISCUSSION

Results and Analysis

AWS CloudWatch Serves as the Centralized Observability Hub for Monitoring AWS Infrastructure and
Applications

CloudWatch forms the foundation of AWS observability by aggregating logs, metrics and alarms across various
AWS services. It allows tracking the performance indicators, such as CPU load, memory load, and error rates, is
offered in real-time, stores data in a single central place, and allows interactive analysis. Application-level visibility is
also made even more transparent with the integration of custom metrics whereby teams are enabled to observe non-
default AWS services [30].

AWS X-Ray Facilitates Distributed Tracing and Debugging Across Microservices and Serverless
Architectures

Fig 6: Visibility of requests by AWS X-Ray

AWS X-Ray provides comprehensive visibility of requests made across the distributed applications with the
help of tracing end-to-end request flows in AWS services. It produces service maps, and one can find bottlenecks
easily in intricate structures such as microservices. This allows teams to optimize latency and debug problems because
the ability to follow requests through many different components, including Lambda functions and EC2 instances,
enables them to perform their tasks [31]. Further debugging is optimized as performance problems can be easily
identified and resolved, which an essential factor in dynamic Cloud applications is.

"Distributed tracing with X-Ray has been shown to reduce root cause analysis time by up to 60% in
microservices architectures with 10+ services."

AWS CloudTrail Provides Comprehensive Audit Logging and Governance for Security and Compliance

362



Fig 7: Audit Trail Management

AWS CloudTrail is an invaluable tool in security auditing and compliance, that logs all API calls to an AWS
environment. CloudTrail supports security audits and forensic investigations by recording the request, the time of
making the request and the source of the request. It can be used to detect suspicious behavior because its
implementation with CloudWatch offers real-time notifications of any unexpected activity. CloudTrail is an essential
part of the AWS security activities as its centralized logs of multiple accounts make it possible to govern the work,
discover the unauthorized activity, and monitor the configuration of resources.

Tools Integrations, Including Grafana, Splunk, and Datadog, Enhance AWS Observability Capabilities

Observability tools such as Grafana, Datadog, and Splunk assist in offering visualization and alerts features
beyond those available in AW S-native services. These tools help users build advanced dashboards, consolidating AWS
data with other measurements. Another example, Grafana can be used with CloudWatch seamlessly and enables users
to present complex data in user-friendly formats. Splunk and Datadog improve the visibility of multi-cloud or hybrid
environments Hadovers of AWS, providing more tools to manage logs, detect anomalies, and gain security awareness
insights to enhance visibility. Coupled with these integrations, teams are in a position to supplement their observability
practices that bring in influential third-party analytics and monitoring devices.

Discussion
TABLE 1: Model Results Summary
Factors Description
AWS Monitoring logs, metrics, and alarm across AWS services and applications, centrally.
CloudWatch - Reduces MTTD by ~40%
AWS X-Ray Offers tracing and debugging of microservices and serverless. - Cuts RCA time by
~60%
AWS CloudTrail Monitor API calls and user activity to enable security audit, compliance, and

forensic investigations. - Detects anomalies ~30% faster with Insights

Third-Party Combinable with such tools as Grafana, Datadog, and Splunk to expand the AWS
Tool observability. - Improves alert response time by ~25% Datadog's multi-cloud
Integrations monitoring has demonstrated 35% faster anomaly detection compared to single-

platform AWS-native setups in hybrid environments.

The study analyses AWS-native services, including CloudWatch, X-Ray, and CloudTrail can deliver a well-
rounded cloud observability in diverse AWS settings. One of the major findings is that the services are integrated with
third-party applications such as Grafana, Datadog, and Splunk that are very effective in visualization, alerting, and
multi-cloud monitoring. The study identifies the integrations as having a potential to provide a harmonious and holistic
perspective of the system health, performance and security. Also, the unified correlation of logs, metrics, and traces
across services not only opens a more effective, proactive method of troubleshooting and optimization of cloud
infrastructure.

Limitation

® The research only covers AWS cloud but other cloud services are not analyzed here.
®  The use of third-party tools can create vendor lock-in, which is counterproductive.
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5. CONCLUSION AND FUTURE RESEARCH

The study shows that AWS-native observability services, combined with the integrations of third-party tools
provide a robust framework to improve the process of cloud monitoring and troubleshooting. Using CloudWatch, X-
Ray, and CloudTrail together with such tools as Grafana and Datadog, organizations can obtain profound information
on the performance, security, and reliability of the system, which will positively impact the efficiency of operations.
The results highlight the value of a multi-layered wonder of cloud environments observability.

The way forward in future studies will be to combine artificial intelligence and machine learning to increase
real-time anomaly detection and future maintenance when using the AWS observability tools. Besides, the discussion
of possible cost-effective measures to be pursued to maximize the utilization of AWS and third-party observability
tools in large-scale systems can be of valuable comprehensive information to organizations wanting to strike the
balance between performance and cost effectiveness.
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