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Abstract:  
 

The SRE (Site Reliability Engineering) becomes a keystone for upholding and 

enlightening the performance and dependability of modern cloud-based applications. As 

the businesses progressively transfer to the cloud, SRE backgrounds are developing to 

ensure system availability, scalability and cost effectiveness. Hence, this review details 

the incorporation of cloud infrastructure and automation in the context of SRE, 

examining its influence on operational practices, system visibility, security and cost 

management. With the development of cloud-native technologies, automation tools 

such as Kubernetes, Dockers and cloud platforms such as AWS, Azure, and Google 

Cloud are considerably augmenting the abilities of SRE teams. The review elaborates 

into the foundations of SRE, highlighting the acute role of cloud infrastructure in 

mechanizing repetitive tasks, confirming high availability and optimizing resource 

usage. The main elements such as monitoring, logging and system visibility are 

emphasized as dynamic components for effective SRE. Additionally, exploration of 

how cloud-based security protocols incorporates into SRE strategies, ensuring the 

protection of sensitive data and system reliability is detailed. Cost optimization in cloud 

infrastructure is additional major area of focus, where FinOps practices and AI-driven 

visions assists the organizations control spending while preserving service 

dependability. Even though these improvements, challenges such as handling large-

scale systems, matching resource allocation and tackling the security risks remains. 

Therefore, emerging trends such as ML (Machine Learning) for predictive maintenance 

and the shift towards server less architectures, posing visions into the future of cloud-

based SRE. 

 

1. Introduction 

 
The SRE (Site Reliability Engineering) combines 

the features of SE (Software Engineering) and IT 

processes with the aim of constructing and 

managing the scalable and consistent systems [1, 

2]. Literally, suggested by Google in the past 

2000’s, with the objective of assuring that the 

systems and services are available larger by 

meeting the exacting performance and 

dependability principles [3, 4]. The SRE aims to 

associate the gap among Dev (Development) and 

Ops (Operations) teams by integrating the SE 

protocols for the infrastructure management, by 

developing an effective and automatic techniques 

for processing the production systems [5, 6]. The 

crucial principles of SRE includes  

 SLO (Service Level Objectives): Inaugurating 

strong performance boards for services to 

confirm they meet user expectations. 

 Monitoring and Measurement: Constantly 

measuring the consistency of services using 

metrics such as uptime, invisibility and error 

rates. 

 Automation: Decreasing manual interference 

through automation tools and scripts to reduce 

human error and rapidity of operations. 

 Incident Management: Proactively managing 

incidents and reducing the influence by 

inaugurating robust response protocols. 

The rising significance of SRE in recent IT process 

and SE are accredited for certain factors. As the 

difficulty of IT systems rises, specifically with the 

selection of micro services, distributed architectures 

and the cloud based infrastructures, by managing 

the dependability at scale becomes a rapid issue [7]. 

The SRE assists the organizations for managing the 

higher possibility by enhancing the developer 

productivity. Due to the above reasons, SRE 

supports the association of Dev and Ops team, as 
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the business depends on the digital services, 

customer’s prospects for enhancing the 

performance higher, by making SRE a fundamental 

practice for assuring the unified user experiences 

[8]. As the business organizations constantly 

utilizes the agile techniques and constant delivery 

flows, SRE has become the main for scaling the 

applications at the time of large demands for 

consistency and rapidity [9]. With the automation, 

risk management and monitoring, it authorizes the 

teams for maintaining the strong systems while 

adopting the development, by making it 

enchantingly significant part of the recent SE 

environment. The cloud infrastructure occupies the 

major role in attaining the aims of SRE specifically 

in scalability, automation and reliability. The cloud 

platforms such as AWS (Amazon Web Services), 

Microsoft Azure and Google cloud establishes the 

main resources and services which permits the 

business organizations for attaining the rising 

demands of recent IT processes [10-12].  

Scalability 

The cloud infrastructure is developed for assisting 

the elastic scalability which is fundamental for SRE 

teams with the task of managing the systems which 

scales effectively for accumulating the inconsistent 

workloads. With the cloud process, the business 

organizations energetically scale the resources such 

as power computing, storage and networking 

abilities depending on the real time demand. Hence, 

the flexibility permits the SRE teams for assigning 

the resources on demand, assuring that the 

applications manages the traffic without 

cooperating with the performance. With the 

utilization of cloud native tools such as auto-scaling 

groups and load balancers, the SRE teams assures 

that the systems are cost-efficient and receptive for 

the user necessities, without the requirement of 

manual intrusion [13].  

Automation 

The automation is one of the major foundations of 

SRE where the cloud infrastructure gives the rich 

collection of tools for automating the usual tasks 

from deployment to monitoring. With the cloud 

native services such as Kubernestes, CI (Continues 

Integration) flows and IaC (Infrastructure-as-Code) 

modes such as Terraform, the SRE teams can 

power the operational overhead. It permits for 

focussing on the high level tasks such as 

augmenting system performance. The automation 

decreases the risk of manual error, enhances the 

positioning frequency and assures that the 

environments are reliable and iterative, which is 

crucial for managing the dependable production 

systems at scale [14, 15]. 

Reliability 

Reliability is considered as the heart of SRE and 

cloud infrastructure which generates numerous 

features to rise system flexibility. Cloud provider’s 

deals with distributed, fault-tolerant systems, which 

assists in assuring the high accessibility even in the 

occasion of hardware failures. Also, the cloud 

platforms permits the SRE teams to integrate 

performance such as multi-region deployments and 

automated failover to preserve uptime and reduce 

service disturbances [16]. Furthermore, cloud 

providers provides consistent monitoring and 

logging tools such as AWS Cloud Watch or Google 

Stack driver, which permits SRE teams to monitor 

the system performance, classify issues proactively 

and reply to incidents in real-time [17]. Moreover, 

the cloud provides frequently confirms the SLA 

(Service-Level Agreements) which assures the 

reduced level of dependability, generating SRE 

teams with assurance that the structure is supported 

by consistent uptime obligations [18]. It assures 

that the mutual cloud based hazard recovery and 

backup answers, make ease for the business 

organizations for facing the dependability aims and 

manages the iterative process probabilities.  

Hence, the cloud infrastructure is the main enabler 

of SRE practices. It assists the scalability of 

applications, rationalises the automation of 

operational tasks and generates the consistency 

required for assuring that the services deals with the 

customer potentials. By utilizing the power of cloud 

infrastructure, the SRE teams can provide highly 

available, scalable and irrepressible systems, which 

are critical for facing the demands of recent fast-

paced and digital-first world. 

 

1.1 Research Objectives 

 

The objectives of the below review paper includes: 

 To examine the role of cloud infrastructure in 

enhancing SRE practices. 

 To inspect how cloud resources contribute to the 

scalability and automation of SRE processes. 

 To assess the influence of cloud platforms on 

enlightening system reliability and uptime in 

SRE workflows. 

 To explore the incorporation of cloud-based 

tools in automating incident response and 

recovery in SRE. 

 To discover the challenges and best practices for 

leveraging cloud infrastructure in SRE 

implementations. 

 

1.2 Research Questions 

 

The research questions for the below review paper 

includes: 
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 How does cloud infrastructure increase 

scalability in SRE practices? 

 What are the main aids of cloud automation 

tools in optimizing SRE processes? 

 In what ways does cloud infrastructure improve 

the dependability of systems managed by SRE 

teams? 

 How do cloud platforms subsidise to more 

effective incident management and recovery in 

SRE? 

 What challenges do organizations face when 

incorporating cloud infrastructure into the SRE 

strategies? 

 

1.3 Paper organization 

 

The review paper is organized as follows, Section-2 

details the foundations of SRE (Site Reliability 

Engineering). Following that, the section-3 presents 

the role of cloud infrastructure and the automation 

process in SRE. Section-4 gives the monitoring and 

accessing process in clouded based SRE. Further, 

the section-5 deliberates the security measures in 

cloud infrastructure for SRE, Section-6 shows the 

way of cost management followed by the 

challenges faced in cloud based SRE in section-7. 

Section 8 and 9 discusses the emerging trends with 

the instance of case studies and concluded with the 

future works. 

 

2. Foundations of Site Reliability 

Engineering (SRE) 
 

In recent days, the dependability and performance 

of online services has become significant for 

confirming customer fulfilment and business 

accomplishment. The SLA (Service Level 

Agreements), SLO (Service Level Objectives) and 

SLI (Service Level Indicators) has played a 

progressively substantial role in measuring service 

dependability in IT service management, 

predominantly as businesses evolution to cloud 

technologies. Normally, SLAs and the SLOs has 

utilized the common software quality requirements 

such as response times, throughput, service 

availability and the downtime. An SLA has 

specified the drawbacks for failure to face the 

necessities. For the purpose of assuring the 

dependable operation of online services, 

distinguishing service failures by SLOs and 

tackling the failures efficiently in the SLA is 

critical, as every moment of downtime has led in 

lost revenue and potential customer loss [19] . As 

per IBM, SLA is an agreement between a service 

provider and a customer that outlines the service to 

be distributed, the expected level of performance, 

the approaches for calculating and confirming the 

performance, and the significances if the 

presentation levels has not been met. Additionally, 

the SLOs has been considered as the main element 

of SLAs, by describing measurable service qualities 

such as availability and throughput. SLOs has been 

considered to be achievable, measurable, 

repeatable, understandable, substantial, reasonable, 

controllable and mutually acceptable. Each of the 

SLO has involved a target value, a metric, a 

measurement period and the measurement 

technique [20].  

Correspondingly, SRE has integrated the guidelines 

for assuring the dependability, obtainability and 

performance of large-scale systems. Instigating at 

Google, the SRE has focused on handling difficult 

systems through SLOs, monitoring and automation, 

incident management and error budgets. It has 

promoted the collaboration between development 

and operations teams for sharing the charge for 

system dependability, for enhancing the system 

performance while balancing consistency with 

feature expansion. SRE has been largely used in 

larger-scale environments, specifically in cloud 

computing [21]. In addition with, the SRE has 

become critical in handling difficult, cloud-native 

systems, micro services and containers. The main 

operations such as error budgets, SLOs and incident 

response playbooks has assisted the SRE teams for 

proactively monitoring and tackling the issues by 

observance and self-healing appliances. The AI 

(Artificial Intelligence) and ML (Machine 

Learning) has been progressively utilized for 

predictive analysis and automated incident response 

to minimalize the downtime. The SRE has balanced 

the system constancy with quickness, by assisting 

the DevOps for deploying the additional services 

rapidly whereas in maintaining the higher 

possibility. The future of SRE has included the 

larger utility of AI for strong privacy measures, 

platform supremacy, enhanced monitoring and 

enhanced DevOps collaboration with the transfer 

towards the public tools [22] . 

Likewise, the network performance monitoring and 

the diagnostic analysis has become the critical 

practices in SRE, augmenting the dependability and 

performance of network systems. By incorporating 

the SRE metrics such as SLIs, SLOs, and NFRs 

into the network monitoring, organizations has 

aligned the network performance with user 

opportunities and business objectives. Though, 

employing NPMD (Network Performance 

Monitoring and Diagnostic Analysis) has faced 

several challenges such as managing data volumes 

and confirming compliance, the strategic 

architectural choices and the usage of progressive 

monitoring tools has assisted the SRE teams for 
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maintaining higher network dependability and has 

optimized the response times, by facing the 

demands of modern digital environments [23]. 

Alternatively, a robust NPMD system has requested 

the strategically placed sensors, agents and 

telemetry points through the network, by collecting 

the data at different layers to arrest the 

comprehensive performance metrics. In order to 

meet the SRE standards, the components has 

needed to deliver granular, real-time data with the 

capability to aware based on deviances from SLI 

(Service Level Indicators) and SLOs. Moreover, 

scalability has been considered as crucial to provide 

spaces for traffic rising and variable network loads, 

demanding the active load balancers, failover 

conformations and severance actions [24]. Figure 1 

is SRE implementation improvements. 

 

 
Figure 1. SRE Implementation Improvements [25] 

 

Additionally, the application of SRE has changed 

the way that how organizations has designed, 

organised and maintained the difficult digital 

systems. With the incorporation of data-driven 

decision-making, automation and monitoring, SRE 

has upgraded the system dependability and 

operational effectiveness. The successful SRE 

adoption has not only enhanced the technical 

metrics and has also generated the major business 

value and societal welfares. It has permitted the 

organizations to scale while upholding the 

dependability, influencing sectors such as e-

commerce, healthcare and finance. Also, the 

enhancements in predictive abilities, automation 

and AI-driven tools has made the SRE practices 

even more acute for preserving system 

dependability and development which has also 

assisted the support digital enclosure and has 

developed additional chances worldwide [26] . As 

the SRE has expanded upon the tech industry, it has 

influenced the rise of sectors such as education, law 

and creative industries by enhancing the system 

dependability and effectiveness. Though, the 

growth has raised several issues in ethics, privacy 

and reasonable access, specifically in critical areas 

such as predictive policy and personalized learning. 

In order to tackle the issues, it has been crucial for 

balancing the technological process with the 

humanized values. The association of technologists, 

policymakers and the ethicists has been significant 

for assuring the SRE which has served as the 

common interest, respected rights and has faced 

sector significant necessities during the reduction of 

societal risks [27].  

The predictive analytics has revolutionized the SRE 

by permitting the change from responsive to active 

system maintenance. Also, the conventional SRE 

has focussed on observing, incident response and 

post-mortem analysis, which has presently are now 

enhanced by machine learning and statistical 

models. These models improve pattern recognition, 

automate response mechanisms, and optimize 

resource allocation. The result is substantial 

improvements in service reliability, cost efficiency, 

and operational effectiveness, paving the way for 

self-healing systems. Organizations implementing 

predictive analytics in their SRE practices have 

reported a 47% reduction in critical incidents and 

significant improvements in service availability, 

reducing reactive workloads and enabling a greater 

focus on proactive improvements [28]. 

 

3. The Role of Cloud Infrastructure in SRE 
 

The cloud infrastructure has generated numerous 

advantages such as the reduction in costs of 

developing the additional infrastructure with the 

use of shared application resources. With the 

maintenance of a single structure which has been 

more effective in the management of numerous 

networks and has organized the application in an 

easiest way and rapidly (figure 2). 

 

 
Figure 2. Cloud Computing 
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Also, it has enabled the development of private 

networks in the manner of pay-as-you-go. In 

addition with, it has permitted additional services 

with reduced latency and high bandwidth. The 

cloud native technologies and the edge computing 

has played a major in the distribution of resources 

near to the data traffic with the enhanced 

effectiveness. The necessity for the cloud 

infrastructure has been raised and the 5G has 

augmented the conversion through physical 

networks to the cloud environments. It has been 

categorized by the verification of systems, 

optimization, cloud based techniques and the 

solution life cycle management [29] (figure 3). 

 

 
Figure 3. IaaS service network [29] 

 

In IaaS (Infrastructure as a Service) platform, the 

customer has been responsible for the protection of 

data during the system process and the applications 

which has been running on the cloud infrastructure. 

Also, the penetration testers has a deeper 

understanding of the under infrastructure for the 

identification of potential security exposures. Also, 

in PaaS (Platform as a Service) platform, the cloud 

provider has managed the protection of 

infrastructure. Whereas the customer has been 

responsible for the protection of applications which 

has been processing on the top. Moreover, the 

penetration testers has to study the configuration 

which has influenced the protection of applications. 

In addition with, in SaaS (Software as a Service) 

platform, the cloud provider has been accountable 

for the protection of comprehensive stack which 

has involved the infrastructure, environment and 

the applications. The penetration testers has been 

common on how the service provider has managed 

the security and accumulate with the provider for 

assuring that the testing has not distressed the 

service [30]. 

The study has examined the issues by enterprises 

which has faced the issues such as digital 

transformation, predominantly for transferring the 

private clouds, by recognizing the edge solutions 

neither for evolving in-house on-premise solutions 

which has used the open-source technologies. Also, 

for larger enterprises with skilled IT teams, in-

house on-premise solutions has been related, 

whereas the smaller enterprises, academic labs and 

hobbyists has often faced barricades for acceptance 

due to the difficulty of infrastructure deployment 

and provisioning. As per the prevailing on-premises 

PaaS workflows and resolutions, has focussed on 

the difficulty of the placement models. It has 

detected 5 important requirements for simple PaaS 

solutions which has been appropriate for smaller 

environments with restricted resources such as 

openness, simplicity, single configuration file, 

flexibility and maintenance. Hence, the Kubitect 

has been recommended which is an open-source, 

lightweight, single-file declarative infrastructure 

configuration solution. The Kubitect has simplified 

the procedure of on-premises cluster definition, 

instantiation and updating [31].  

Alternatively, the cloud computing has been 

considered as the technological revolution, by 

demand, technological advancements and the 

supportive policies. The governments has viewed it 

as a chance for national software industry 

development, whereas the growing energy intake of 

IT infrastructure which has been pushed for low-

carbon IT solutions. Worldwide, the cloud 

computing has depended on hardware and software 

environments which has enabled the virtualization, 

automatic load balancing and the on-demand 

services, with platform providers such as EMC's 

VMware, Red Hat, Oracle, IBM, and Intel with the 

service providers such as Amazon, Go Grid, 

AT&T, and Verizon. In China, the cloud computing 

industry has been rising and emerging about 2015. 

Also, people has favoured the private clouds 

because they has seen as secure. In 2009, the 

market extent has reached 40.35 billion Yuan, with 

the most businesses using SaaS, which is a cloud-

based software delivery model [32]. Table 1 shows 

cmparison of conventional and cloud based SRE.  

 

Table 1. Comparison of Conventional and Cloud based SRE 

Feature Conventional SRE Cloud-Based SRE 

Infrastructure On-premise data centres Cloud platforms (AWS, Azure, GCP) 

Scalability Manual scaling Automated scaling through cloud services 

Tools & Automation Custom-built tools Managed services (e.g., Cloud Watch, GKE) 

Monitoring On-site monitoring systems Cloud-native monitoring and alerting 

Cost Management Fixed, upfront infrastructure costs Pay-as-you-go models, cost optimization 

Security Local security protocols and firewalls Cloud-based security models, IAM policies 
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The AWS (Amazon Web Services) has been 

considered as the IaaS environment which has been 

comprised of the services such as EC2 (Elastic 

Compute Cloud), S3 (Simple Storage Service), 

Dynamo DB, Queuing services, Cloud Front and 

Simple DB. The AWS has been launched in 2006, 

which has main in IaaS due to the demand nature 

and affordable pricing by attracting the rising 

customer base. The development of AWS has been 

the result of a 2003 meeting where Jeff Bezos and 

executives has recognised the company's basic 

strengths. Also, AWS has extended its 

contributions based on customer feedback and 

failure learning, which has been known for its 

security, reliability, ease of configuration and a 

larger ecosystem of 3rd -party applications in the 

AWS Market. While AWS has exceled in associate 

larger organizations and has offered flexibility in 

service combinations. Also, it has faced issues in 

hybrid cloud integration and the difficulty of 

traversing its vast product suite. In spite of the 

issues, AWS has remained the favoured platform 

for Transport for London, which has chosen AWS 

above Azure for its Journey Planner platform [33]. 

Additionally, the Microsoft Azure has a longer 

history of successful on-premise deployments, 

which has permitted the seamless incorporation 

with systems such as Active Directory, Windows 

Server, IIS and System Centre. The Azure has 

exceled in the IaaS space, predominantly in private 

and hybrid cloud solutions, due to Microsoft's 

established presence in .NET and operating system 

technologies. Also, a recent study has identified 

Azure as a leader in Cloud IaaS. Even though, the 

earlier reputation as an anti-open source platform, 

Microsoft has made important investments in open-

source technologies, by assisting structures such as 

Ruby on Rails, Java, Python, and .NET Core 

running on Linux. Though, the Azure has made 

strides in the open-source community, it has been 

described to experience more downtime associated 

to AWS, which had the smallest downtime in a 

2016 analysis of public IaaS vendors [33]. 

Alternatively, the Google App Engine, which has 

been launched in 2008, is a PaaS has been built on 

a sandbox structure. It has been competitively 

priced in contrast to AWS and Microsoft Azure 

which is known for its cloud-centric innovations, 

making it interesting to organizations concentrated 

on portability and the open-source community. The 

GCP (Google Cloud Platform) has offered elastic 

agreements and discounts and has gained the 

traction with its AI platform, Tensor Flow, which 

has powered the Google Home devices. However, 

GCP has faces challenges in appealing larger 

enterprises due to few services, data centres, and its 

late entry into the cloud market. While GCP has 

been common among smaller and medium-sized 

companies, it has struggled with challenges such as 

quota exceedances, offline slave applications and 

connectivity problems. Additionally, GCP’s small 

datacentre presence, specifically outside the EU and 

US, has resulted in lesser attractive for global 

organizations [33]. The AWS, Microsoft Azure and 

GCP has provided related features in server less 

computing, networking, IoT, ML and storage, with 

shared elements such as auto-scaling, security and 

analytics. GCP has exceled in storage and network 

performance, whereas AWS has lead in cloud 

features and global presence. Additionally, the 

pricing for GCP is humbler, by providing monthly 

on-demand services with discounts, while AWS has 

diverse options, counting reserved instances, and 

Azure has offered per-minute billing with long-

term contracts. In scalability, GCP and Azure has 

permitted the flexible scaling, while the AWS has 

used fixed pricing for VM examples. The AWS and 

Azure has broad regional coverage contrast to GCP. 

For block storage, AWS has offered 4GB-16GB 

with 320 MB/s throughput, Azure has provided 

1GB-1TB with 60 MB/s, and GCP has generated 

1GB-64TB with up to 180 MB/s for writing. 

 

4. Cloud Automation in SRE 
 

The cloud automation in SRE utilizes the IaC 

(Infrastructure as Code) to automatically achieve 

and set up cloud resources. Tools such as Terraform 

and AWS Cloud Formation permits the teams to 

define the infrastructure through code, making it 

simpler for consistent and scalable. Additionally, it 

decreases the mistakes, speeds up deployments and 

advances the system reliability, which is main for 

SRE to keep systems running smoothly and 

effectively. However, the IaC is considered as the 

process which includes the management and  

The IaC (Infrastructure as Code) is a practice that 

involves managing and provisioning of cloud 

infrastructure by machine-readable definition files, 

as an alternative of conventional manual hardware 

configurations. The IaC tools such as Terraform 

and AWS Cloud Formation permits the 

organizations to mechanise the provisioning and 

enforcement of security policies such as IAM 

(Identity Access Management), network security 

and encryption. The Terraform is a tool-agnostic 

platform which assists the multiple cloud providers 

such as AWS, Azure, Google Cloud, offering 

modular and reusable security configurations. Also, 

the AWS Cloud Formation generates native support 

for AWS resources, allowing snug incorporation 

with AWS security features such as IAM roles and 

encryption, arranging security enforcement 

designer to AWS-specific compliance needs.  
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Figure 4. IaC Infrastructure 

 

The incorporation of IaC and CaC has considerably 

enhanced the security and compliance in cloud 

environments (figure 4). The tools such as 

Terraform and AWS Cloud Formation has 

permitted the SREs to embed security policies 

directly into IaC templates, by assuring the 

practices such as encryption, network security and 

identity management are enforced from the start. 

By including technologies such as AWS Config and 

OPA (Open Policy Agent), automated compliance 

checks in CD (Continuous Delivery) pipelines has 

validated the infrastructure in real-time against 

regulatory requirements. Hence, the continuous 

monitoring and enforcement has assisted in the 

reduction of human error, increase consistency and 

has generated a complete security and compliance 

outline. Though, the challenges continue in 

adapting to the dynamic nature of regulatory 

changes, which has been addressed through 

machine learning for predictive compliance. 

Additionally, the scalability of CaC (Compliance as 

Code) in multi-cloud environments predominantly 

in evolving standardized cross-cloud compliance 

outlines. Generally, the mixture of IaC and CaC has 

automated the security enforcement, turning 

security into a proactive component of 

infrastructure provisioning while confirming the 

continuous regulatory compliance throughout the 

software lifecycle [34]. Likewise, the IaC has 

enabled the provisioning and management of IT 

infrastructure via code, decreasing the human error 

and growing consistency, scalability and 

effectiveness. It has permitted the teams to version, 

test and automate infrastructure modifications, 

supportive to DevOps principles and has enhanced 

the application delivery speed. The main 

assistances has included the automatic server 

scaling, condensed manual intervention, and 

improved monitoring, better troubleshooting and 

easier disaster recovery. Although the IaC has 

offered substantial benefits, it has required the 

technical expertise which has been complex for 

large organizations. Challenges include issues with 

collaboration, security, integration, and versioning. 

Despite these, the merits such as amended 

scalability, cost savings, and enhanced security 

which has often compensated the problems. Also, 

the tools such as Terraform and TOSCA has 

facilitated the IaC employment, but organizations 

has been aware of security risks. Generally, IaC has 

been considered as crucial for recent IT operations 

and increases desirability in the digital era [35].  

Similarly, [36] has implied that the IaC has 

automated the provisioning and management of IT 

infrastructure, permitting for faster, more reliable 

deployments while decreasing the human error. It 

has been considered as crucial for organizations to 

improve the scalability and reliability of the 

infrastructure. When combined with CI/CD 

(Continuous Integration/Continuous Delivery), IaC 

has permitted for seamless, automated software 

issues, certifying common updates with reduced 

risk of failure. The Kubernetes and containerization 

in IaC has permitted the deployment and 

management of containerized applications, which 

has been transferrable across multiple cloud 

platforms. These technologies employs together to 

normalize environments, automate scaling and has 

generated greater flexibility in multi-cloud 

environments. Through CI/CD, automated testing, 

and security scans, organizations has released 

higher-quality software more professionally though 

upholding compliance and decreasing deployment 

times. Eventually, the incorporation of IaC, CI/CD, 

Kubernetes and containerization has accelerated the 

development cycles, by enhancing the system 

performance and ensures great operational 

dependability and dependability by cloud 

environments [36]. Table 2 is common security 

policies enforced through IaC.

 
Table 2. Common Security Policies enforced through IaC [34] 

Security Policy Description Tool 

Network Security It defines the permitted traffic rules for particular cloud resources Terraform 

Encryption of data at rest 
It assures the sensitive data which is encrypted using particular 

encryption protocols. 

AWS Cloud 

Formation 

IAM It manages and limits the user access Terraform 

Automated backups and data 

retention 

It assures the automatic backups and adherence to retention 

policies. 

AWS Cloud 

Formation 
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5. Monitoring, System Visibility, and 

Logging in Cloud-Based SRE 
 

The Prometheus has been considered as the open-

source monitoring and alerting system which has 

been developed for cloud-native environments such 

as Kubernetes. It has exceled at gathering the time-

series data and metrics from several components in 

a Kubernetes cluster, comprising pods, nodes, and 

services. It utilizes the flexible querying language 

called PromQL, which has permitted the operators 

to define custom metrics and accomplish the alerts 

related to particular beginnings. It has assured the 

proactive monitoring and rapid detection of 

potential issues. The system has been high scalable, 

permitting the organizations to hold larger data and 

numerous Prometheus instances across the 

infrastructure. With the use of vigorous warning 

appliances and prevailing data collection abilities, 

Prometheus has served as a keystone of Kubernetes 

monitoring, generating deeper understandings into 

the health and performance of applications and 

clusters. In addition with, the Grafana has been 

recognized as the common open source analytics 

and visualization tool which has permitted the 

Prometheus by generating instinctive and 

customizable dashboards to imagine the collected 

metrics. Also, the Grafana queries data from 

Prometheus has used the PromQL language and has 

presented via customizable, easy-to-understand 

dashboards that aid in real-time monitoring of 

Kubernetes clusters. This enables operators and 

developers to gain visions into KPI (Key 

Performance Indicators) and the resource use 

metrics. It has assisted a wider range of 

visualization options such as graphs, heat maps and 

tables, by permitting teams to examine trends, 

identify anomalies and troubleshoot difficulties in 

the Kubernetes environment. With the use of 

flexible visualization abilities, the Grafana has 

played a critical role in augmenting the operational 

awareness and streamlining the procedure of cluster 

performance management [37]. In addition with the 

cloud-native solutions, the enterprises has utilized 

the server less monitoring services, which has been 

charged based on actual usage instead of fixed 

licensing fees. Also, the services such as AWS 

Cloud Watch and Azure Monitor has been built to 

be high scalable and cost-effective, with pricing 

models which depend on factors such as data 

ingestion volume, the number of queries and 

monitoring duration. The services has been 

automatically scaled to meet the enterprise’s 

necessities, confirming that observing costs bring 

into line with actual usage. By using server less 

monitoring, enterprises can evade the upfront costs 

characteristically connected with conventional 

monitoring solutions, paying only for the resources 

they use [38]. The ELK Stack has been recognized 

as the powerful open-source group of tools which 

has included the Elastic search, Log stash and 

Kibana. The elastic search is the distributed search 

and analytics engine which has stored and indexed 

the data, permitting fast querying and real-time 

analysis. The Log stash has served as a data 

pipeline that gathers, processes and forwards data 

from different sources to Elastic search, where it 

has been indexed. The Kibana is the visualization 

layer, permits users to develop interactive 

dashboards for imagining and examining the data 

stored in Elastic search. The ELK Stack has been 

largely used for centralized logging and monitoring, 

by assisting the organizations to rapidly classify 

and troubleshoot issues through difficult systems. 

Also, the Fluentd is the open-source data collector 

which has been developed to join data collection 

and ingesting through diverse systems. It has 

enabled the accumulation and forwarding of logs, 

metrics and operational data to several storage back 

ends such as Elastic search or cloud platforms. The 

Fluentd’s flexible plugin system has permitted for 

ingesting the data from several sources, convert it 

as the crucial and has directed the exact destination. 

It is predominantly convenient in cloud-native and 

micro services environments, where it has assisted 

the centralized logs from multiple sources and 

homogenise data collection across distributed 

systems [39]. Figure 5 is SRE key practices and 

table 3 is challenges of cloud based SRE. 

 

 
Figure 5. SRE Key Practices 

Table 3. Challenges of Cloud based SRE 

Challenge Potential Solutions 

Cost management and budgeting Employing cost optimization tools using reserved instances 

Multi-cloud complexity Using cloud management platforms for centralized control 

Vendor lock-in Leveraging cloud-agnostic tools and frameworks 

Security and compliance Applying cloud-native security frameworks, automated audits 

Scaling issues during high traffic Auto scaling and load balancing configurations 

Data privacy distresses Implementing strong encryption, IAM 
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In addition with, the Google Cloud Operations 

Suite, previously known as Stack driver, has been 

the complete set of observability tools for 

monitoring, logging, and troubleshooting 

applications and infrastructure. It has included the 

Cloud Monitoring, which has tracked the 

performance and health of cloud-based resources 

and Cloud Logging, which has gathered and stored 

the logs for elaborated analysis. Furthermore, the 

Cloud Trace has enabled the distributed tracing to 

display requests across services. It has integrated 

seamlessly with GCP (Google Cloud Platform) but 

also chains hybrid and multi-cloud environments, if 

developers and operators with the visions desirable 

to maintain application performance and reliability 

[39]. 

The employment of an observability-driven 

incident management outline for cloud-native 

applications has posed certain issues in which the 

primary anxieties is the data storage and processing 

overhead, as the high volume of telemetry data 

which has been collected seats a significant load on 

systems, necessitating larger investments in 

infrastructure to hold the fast growth of data which 

has faced difficulties such as data compression, 

retention policies and ensuring the scalability of 

cloud storage solutions. Additionally, occurrence of 

false positives in anomaly detection models, which 

has resulted in redundant alerts and remediation 

actions except models are continuously 

standardized and thresholds modified. Also, the 

Integration complexity has faced issues in the 

integration of observability tools into incident 

management systems which has been considered as 

the engineering-heavy task, predominantly in 

difficult and different environments. Furthermore, 

there is the risk of performance influence due to the 

latency by real-time data collection and analysis, 

which can be disadvantageous in resource-

constrained settings. Balancing the level of 

observability has required without co-operating 

system performance counting the critical metrics 

such as latency, uptime and error rates is a 

dangerous factor that has to be tackled [40]. Figure 

6 is functions of IAM [41]. 

 

6. Security in Cloud Infrastructure for SRE 
 

The IAM (Identity and Access Management) has 

been comprised of two key components namely the 

IdM (Identity Management) and AM (Access 

Management). The IdM has controlled the user 

profiles and rights, holding the provisioning and de-

provisioning of user abilities through workflows. 

Additionally, the AM has focussed on limiting the 

access based on user profiles, managing user 

authentication, SSO (Single Sign-On) and 

permissions. It has played a significant role in 

securing data by guiding who has access to which 

systems, when, and where, specifically as 

conventional perimeter security decreases and 

employee turnover rates surges. It has assured that 

only authorized users can access data as necessary, 

which is crucial in facing the rising technological 

demands and regulatory requirements. The main 

process in IAM has comprised of identity 

provisioning by creating and deleting user accounts, 

user management, and authentication by verifying 

user identity through methods like passwords, 

certificates, and biometrics, authorization of 

defining access rules for users and policy 

management by applying policies which has 

governed the user access to resources. In the cloud, 

several identity management solutions such as 

Microsoft Identity & Access, IdM4Cloud and 

Novell Identity Manager has been established, but 

no single standard has attained widespread 

acceptance. Additionally, the IAM has been 

recognized as crucial for keeping organizational 

data and confirming compliance with regulatory 

standards. It is essential for organizations to 

highlight IAM as IT progressively incorporates 

with business functions [41]. 

 

 
Figure 6. Functions of IAM [41] 

 

The best practices of IAM has ensured that only 

approved personalities can admittance precise 

resources and services in a cloud environment. The 

best practices has comprised using a centralized 

identity management system to accomplish user 

identities, roles and permissions across cloud 

services. Strong authentication can be enforced by 

employing forceful password policies and MFA 

(Multi-Factor Authentication) for all users, 

confirming secure access. Also, the Granular 

permissions has been attained through RBAC 

(Role-Based Access Control), which has restricted 

the user’s access to only the resources essential for 

the tasks, with steady reviews to modify 

permissions. The principle of least-privilege access 

has been crucial, meaning users should be decided 

the smallest access which has been requisite to 

perform their jobs, diminishing the risk of misuse 
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of sensitive data or systems. It has included the 

restricting user access to only crucial resources, 

limiting advantaged access for administrative users, 

and regularly reviewing access to guarantee 

permissions remain suitable. Employing MFA for 

all users counting administrators and contractors 

has been crucial for acquiring cloud services. Also, 

posing flexible MFA approaches such as mobile 

apps, hardware tokens and biometrics has increased 

the user adoption. Additionally, the RBAC has 

ensured that the users can access only the resources 

they need centred on their roles, with periodic 

audits to align permissions with business and 

security needs. The regular review and auditing 

user access through access reviews, maintaining 

audit logs by automated audit tools are the crucial 

practices to confirm unremitting security and 

compliance in cloud environments [42]. 

Literally, the Encryption has been recognized as the 

crucial security measure for guarding data in cloud-

based systems. It has to be instigated at numerous 

levels to confirm complete protection. The Data at 

rest has to be encrypted by strong algorithms such 

as AES-256, to defend the stored information. In 

respect to data in transit, the secure communication 

protocols such as TLS 1.3 has to be used for 

securing data during transmission. Furthermore, the 

end-to-end encryption, has to be incorporated 

where possible, confirming that data remains 

endangered throughout its complete lifecycle. The 

main considerations for operational encryption has 

included the usage of HSMs (Hardware Security 

Modules) for securing the main management, 

regularly informing encryption algorithms for 

tackling the rising exposures and instigating 

homomorphic encryption, which has permitted the 

processing of encrypted data without the essential 

for decryption which has been predominantly 

useful in cloud-based rule systems where 

maintaining data confidentiality during processing 

is important [43]. 

Additionally, the Incident response has been the 

precarious feature of upholding the security and 

functionality of cloud-based systems. The 

conventional manual incident response approaches, 

where the human teams has examined the data and 

resolve issues, are time-consuming and prone to 

errors which results in major delays in resolving 

incidents. These ineptitudes has resulted in 

augmented operational costs and continued 

downtime, specifically as the volume of incidents 

rises. As per IBM, the average time to classify a 

breach is 277 days in 2023, by establishing the 

necessity for fast, more effective response 

appliances. To tackle the above challenges, many 

societies has been unstable towards the automated 

incident response systems. It has utilized the ML 

and AI tools for detecting, examining and 

addressing the incidents in real time. It has also 

permitted the rapid detection and resolution, 

plummeting the dependence on human intervention 

and reducing the incident response times. Also, the 

automated tools has been examined for user 

behaviour, network traffic and performance 

anomalies to detect the probable breaches, 

arranging incidents based on their brutality [44]. 

Alternatively, the acceptance of AI-integrated 

automation has revealed important developments in 

response effectiveness, by permitting organizations 

for managing large-scale alerts and security threats 

without devastating human teams. With the 

instigation of automated workflows, the 

organizations has minimized the manual 

intervention, by permitting security teams to focus 

on more difficult issues. Additionally, the 

automated incident response systems has assured 

that organizations has met the regulatory 

compliance standards such as GDPR, HIPAA and 

PCI DSS by providing detailed logs, maintaining 

audit trails and imposing security policies by 

assuring that all the actions taken during an incident 

has been documented and met the necessary 

compliance requirements. Also, incorporating 

incident response systems with platforms such as 

Pager Duty, Slack and Microsoft Teams has 

permitted the streamlined communication and fast 

decision-making. Also, the automated chatbots and 

ChatOps platforms has also simplified the rapid 

responses by permitting the engineers to complete 

remediation scripts diagnostics without switching 

contexts [45]. 

 

7. Cost Optimization and Management in 

Cloud-based SRE 
 

The cloud computing has been considered as the 

major component of modern enterprise IT 

infrastructure, by providing dynamic resource 

scaling and flexibility. The main cloud providers 

such as AWS, Microsoft Azure, and Google Cloud 

Platform has offered pay-as-you-go pricing models, 

which has permitted the organizations to modify 

resources based on demand. However, handling the 

costs in the environments has been difficult, 

specifically as cloud deployments has raised and 

provided huge amounts of data. Also, the 

conventional FinOps techniques, which has 

depended on human monitoring and manual cost 

optimization policies, struggle to manage large, 

multi-cloud environments efficiently. As a result, 

the organizations has faced difficulties in 

controlling expenditures while upholding 

operational effectiveness. In order to tackle, the AI 

and ML has been incorporated into cloud cost 
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management policies. Also, the AI-driven solutions 

has been utilized into the predictive analytics to 

identify the cost irregularities and prediction of 

future spending trends. By examining the historical 

data, the AI platforms has made real-time 

modifications to cloud resources, enhancing costs 

and enlightening financial results. Hence, the move 

from manual control to intelligent, automated cloud 

cost optimization has assisted the organizations to 

minimize the redundant spending deprived of 

moving system performance [46]. Figure 7 is 

significance of cloud cost optimization. 

 

 
Figure 7. Significance of Cloud Cost Optimization 

 

Likewise, the balancing cloud resource utilization 

with cost optimization has been considered as 

crucial to meet SRE reliability goals without 

lavishness. To attain the balance, the organizations 

has ensured that they are not over-provisioning 

resources during the maintenance of higher 

availability and performance. It has comprised of 

the continuously monitoring resource usage and 

making modifications based on actual needs. Tools 

such as auto-scaling and predictive analytics has 

assisted the organizations to scale resources 

energetically, confirming that they only pay for the 

resources that they actually make use, while still 

meeting performance and consistency objectives. 

Also, the efficiently sizing cloud resources and 

utilizing the auto-scaling abilities are the main 

plans for augmenting both cost and performance. 

Hence, proper resource sizing encompasses 

analysing application workloads, understanding 

peak demand and choosing the exact examples and 

storage configurations. Therefore, the auto-scaling 

improves the optimization by automatically 

modifying the number of resources based on real-

time demand. It has permitted the organizations to 

scale resources up during high-traffic periods and 

down during quiet times, ensuring cost competence 

without compromising on performance or 

dependability [47, 48].  

 

8. Challenges in Cloud Infrastructure for 

SRE 
 

One of the principal challenges in cloud 

infrastructure for SRE is upholding reliable 

performance and dependability while scaling 

resources. As the cloud environments develop more 

difficult with dynamic provisioning, SRE teams 

faces problems in ensuring that services meet 

dependability targets without profligacy. The 

modifications in cloud resource performance 

comprising network latency, storage performance 

and compute capacity, results in random service 

degradation. Hence, the inconsistency necessitates 

the SRE teams to unceasingly monitor and regulate 

resources, which can be time-consuming and 

resource-intensive, exclusively in large-scale 

deployments with numerous cloud providers. 

Additionally, securing cloud environments during 

the maintenance of higher availability. The cloud's 

distributed nature rises the attack surface, making it 

more vulnerable to data breaches, insider threats 

and malicious attacks. Confirming compliance with 

regulations such as GDPR and HIPAA while 

managing multi-cloud environments is a difficult 

task. Also, the continuous progression of security 

threats demands continuous adaptation of security 

measures, frequently necessitating refined tools and 

methods to display for exposures and impose strong 

access controls. SRE teams must stabilize the 

necessity for security with performance and cost, 

which can be particularly challenging in high 

regulated industries. 

Alternatively, the automation of incident response 

in difficult and distributed environments is the 

major issue. Table 4 is SRE metrics for cloud-based 

Infrastructure.  

 

 
Table 4. SRE Metrics for Cloud-Based Infrastructure 

Metric Description Tools for Measurement 

Availability Uptime of cloud-based services Cloud provider dashboards, SLAs 

Latency Time taken to process requests 
Latency monitoring tools, Cloud 

Watch 

Error Rate Frequency of failed requests Logging, Google Cloud Operations 

Resource 

Utilization 

Efficiency of resource usage (CPU, memory, 

storage) 
Cloud-native monitoring tools 

Incident Frequency Number of incidents reported Incident management systems 

Cost per Service Cost incurred per cloud service AWS Cost Explorer 
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With frequent micro services interrelating across 

the cloud, identifying the main cause of failures 

becomes complex. The efficient automation for 

anomaly detection, ML models and intelligent 

alerting is fundamental, yet often hard to integrate. 

Without the above, SRE team’s faces alert fatigue, 

hindered responses and cooperated system 

dependability. Additionally, the effective cloud cost 

management. Similarly, the random nature of cloud 

pricing and changing resource demands confuses 

cost predicting and budget planning. SRE teams 

must balance cost optimization with system 

dependability, using tools such as cost-performance 

balancing and auto-scaling. It became additional 

difficult in multi-cloud environments, often 

resulting to inadequacies of resources. 

 

9. Emerging Trends and Case studies in 

cloud based SRE 
 

The emerging trends in cloud-based SRE comprise 

the growing usage of AI and ML for predictive 

monitoring and automated incident response. The 

IaC is flattering more dominant, permitting great 

automation and reliability in cloud environments. 

Also, the server less architectures are attaining 

adhesion, posing enhanced scalability and cost 

optimization. Therefore, the observability tools are 

growing, as long as generating visions in system 

health with real-time data and anomaly exposure. 

Finally, sustainability is becoming a main focus, 

with SRE teams pointing to decrease the 

environmental influence of cloud operations over 

effective resource use.  

 

Case Studies  

 Notably, the case study regarding the 2019 

Capital One data breach, where a misconfigured 

web application firewall permitted an earlier 

employee to contact sensitive customer data of 

over 100 million individuals which highpoints 

the crucial meaning of secure configurations and 

regular audits to secure sensitive data.  

 The 2017 Equifax breach, which negotiated the 

personal data of approximately 147 million 

people. The breach caused from unpatched 

susceptibilities in the company's web 

application, highlighting the necessity for timely 

updates and exposure management in cloud-

native environments [49]. 

 A real-life example includes an e-commerce 

platform that faced micro service scaling 

difficulties during Black Friday. By means of an 

observability-first approach with tools such as 

Prometheus and Grafana, the team observed 

real-time metrics such as call rates, CPU load 

and memory usage which has permitted to 

recognise high CPU latency in payment services 

during peak times. The Jaeger assisted to 

pinpoint latency in exact micro services, 

permitting optimization. The team incorporated 

scaling methods, distributed computational 

services and enhanced caching practices, by 

decreasing database queries. Finally, resulted in 

a 40% enhancement of response time and 

confirmed service quality during high traffic 

[40]. 

 A company providing financial services 

organised observability for solving incidents in 

Kubernetes infrastructure. The collected logs, 

metrics, and traces using the chosen instrument 

called the Open Telemetry structures the data 

from the containerized applications and unites it 

in the control centre. The data has been 

examined using ML algorithms which was 

actively testing for irregularities. In case, larger 

modifications in error rates cautioned other 

groups, with traces interrelated to say alerts to 

pinpoint affected services. As per the predefined 

remediation policies, the remedial actions such 

as restarting pods, scaling deployments has been 

done. Also, the memory leak has been shown by 

one of the critical services where pod crashed 

and in effect, interrupted the operations [40].  

 A mid-volume station allocating 25,000 

litters/day contributed in a month-long pilot of a 

new monitoring system. The legacy system 

helped as a standard for relating latency, 

reliability and responsiveness. The operators 

utilized the new real-time dashboard to display 

dispenser outputs and receive alerts for unusual 

consumption spikes. It enabled rapid action on 

potential challenges such as mechanical failures. 

The main metrics such as end-to-end latency and 

network bandwidth has been tracked to evaluate 

the efficiency of edge compression. After the 

pilot, the data was examined and contrasted with 

the legacy system to appraise enhancements 

[50]. 

 

10. Conclusion and Future Directions 
 

The cloud-based SRE signifies a transformative 

conversion in how organizations tactic system 

reliability, performance and scalability. By utilizing 

the cloud infrastructure, automation and 

progressive monitoring tools, SRE teams attains a 

level of competence and flexibility earlier 

unattainable with conventional IT systems. The 

incorporation of tools such as Kubernetes, CI/CD 

pipelines and cloud-native services increases not 

only the speed of deployment but also the 

capability to troubleshoot, scale and improve 
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resources in real-time. Conversely, issues persist, 

predominantly in sustaining a balance between 

system performance and cost effectiveness. 

Managing large-scale cloud environments, 

alleviating security vulnerabilities and ensuring 

seamless incorporation through hybrid cloud 

systems remain areas demanding attention. In spite 

of the hurdles, the rising role of AI and ML in 

predictive monitoring and incident response 

illustrates great promise in decreasing manual 

interpolation and enabling proactive system 

management. Besides, as server less architectures 

become more dominant, SRE teams needs to adjust 

the plans to influence the flexible, cost-efficient 

solutions while upholding higher standards of 

reliability. The future of cloud-based SRE depends 

on constant modernisation, with a strong focus on 

automation, AI-driven visions and enhanced cost 

management methods. As organizations 

progressively selects the multi-cloud environments 

and server less technologies, the SRE teams will 

need to adjust the methods to hold the difficulty of 

distributed systems while maintaining higher 

availability and cost optimization. Also, it faces 

deep incorporation of ML models for predictive 

analysis, more progressive automation in system 

monitoring. Cloud Infrastructure is studied and 

reported in literature [51-54]. 
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