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Abstract: This paper explores the unique security challenges and best practices associated with serverless computing, particularly 

Functions-as-a-Service (FaaS) architectures. It examines the ephemeral nature of serverless functions, the shared responsibility model, 

and the expanded attack surface that characterize these environments. The study delves into common security threats specific to 

serverless applications, including function event data injection, insecure deployment configurations, broken authentication and 

authorization, and sensitive data exposure. A comprehensive set of best practices for securing serverless functions is presented, focusing 

on implementing least privilege access, secure coding practices, data encryption, effective monitoring and logging strategies, and regular 

security audits. The paper also discusses future trends in serverless security, emphasizing the need for automated tools, advanced 

isolation techniques, and industry-wide security standards. Through case studies and expert insights, this research provides actionable 

recommendations for organizations adopting serverless architectures, aiming to balance the benefits of serverless computing with robust 

security measures. 
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1. Introduction  
 

Serverless computing, particularly Functions-as-a-Service 

(FaaS), has emerged as a transformative paradigm in cloud 

computing, revolutionizing the way applications are 

developed, deployed, and scaled. This model, pioneered by 

platforms such as AWS Lambda, Google Cloud Functions, 

and Azure Functions, allows developers to build and run 

applications without the need to manage the underlying 

infrastructure. In serverless architectures, the cloud provider 

dynamically manages the allocation and provisioning of 

servers, enabling developers to focus solely on writing code 

to address specific business logic [3]. 

 

The core concept of FaaS is the execution of individual 

functions in response to events. These functions are 

ephemeral, spinning up on-demand and terminating once the 

task is complete. This approach offers significant benefits, 

including improved scalability, reduced operational 

overhead, and more granular billing based on actual compute 

time rather than pre-allocated resources. As a result, 

serverless computing has gained rapid adoption across 

various industries, from startups to large enterprises, for a 

wide range of applications including web services, data 

processing, and Internet of Things (IoT) solutions [4]. 

 

However, the unique characteristics of serverless 

architectures introduce novel security challenges that differ 

significantly from traditional cloud computing models. The 

ephemeral nature of functions, the increased number of 

components and APIs, and the shared responsibility model 

between cloud providers and users create a complex security 

landscape that requires careful consideration and tailored 

strategies [1]. 

 

The importance of security in serverless architectures cannot 

be overstated. As organizations increasingly adopt FaaS for 

critical business operations, the potential impact of security 

breaches grows correspondingly. Traditional security 

measures and perimeter-based defenses are often insufficient 

in serverless environments, where the attack surface is more 

distributed and dynamic. Moreover, the rapid provisioning 

and de-provisioning of function instances can make it 

challenging to implement consistent security controls and 

maintain visibility into system behavior [5] 

Serverless security encompasses various aspects, including 

but not limited to: 

• Function isolation and runtime security 

• Event-driven security controls 

• Data protection in transit and at rest 

• Identity and access management 

• Monitoring and logging in highly distributed systems 

• Compliance and regulatory considerations in serverless 

environments 

 

Understanding and addressing these security challenges is 

crucial for organizations to fully leverage the benefits of 

serverless computing while maintaining a robust security 

posture. This necessitates a shift in security paradigms, 

moving from traditional host-based security to more granular, 

function-level security measures [2]. This paper aims to 

provide a comprehensive exploration of the unique security 

challenges posed by serverless architectures and offer a 

detailed analysis of best practices for protecting Functions-

as-a-Service. By examining the threat landscape specific to 

serverless environments and analyzing effective mitigation 

strategies, we seek to contribute to the growing body of 

knowledge on serverless security. Our research draws upon 

recent academic literature, industry reports, and real-world 

case studies to provide a holistic view of the current state of 

serverless security. 

 

The remainder of this paper is structured as follows: Section 

2 delves into the unique security challenges inherent in 

serverless environments. Section 3 discusses common 

security threats specific to serverless applications. Section 4 

presents a comprehensive set of best practices for securing 

serverless functions. Finally, Section 5 concludes the paper 
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with a summary of key findings and suggestions for future 

research directions in the field of serverless security. 

 

Through this analysis, we aim to provide actionable insights 

for practitioners implementing serverless architectures, as 

well as to identify areas for further research in this rapidly 

evolving field. As serverless computing continues to gain 

prominence in the cloud computing landscape, understanding 

and addressing its security implications will be crucial for 

ensuring the long-term viability and trustworthiness of this 

innovative technology paradigm. 

 

2. Unique Security Challenges in Serverless 

Environments 
 

Serverless architectures introduce a set of unique security 

challenges that significantly differ from traditional cloud 

computing models. This section examines four key areas of 

concern: the ephemeral nature of functions, the shared 

responsibility model, the increased attack surface, and limited 

visibility and control. 

 

Ephemeral Nature of Functions 

The transient nature of serverless functions presents a 

fundamental shift in security paradigms. Unlike traditional 

long-running servers, serverless functions are instantiated on-

demand and terminated after execution, often within 

milliseconds [1]. This ephemeral characteristic introduces 

several security implications: 

• Statelessness: Functions are designed to be stateless, 

complicating the implementation of traditional security 

measures that rely on persistent state, such as intrusion 

detection systems (IDS) or anti-malware solutions. This 

necessitates new approaches to security that can operate 

effectively within the constraints of short-lived, stateless 

environments 

• Cold Starts: The initialization of new function instances 

(cold starts) can introduce vulnerabilities if not properly 

secured, as this process may involve loading potentially 

unsafe code or configurations. Attackers could 

potentially exploit this window of vulnerability during 

the initialization phase. 

• Forensics Challenges: The short-lived nature of 

functions makes it difficult to capture and analyze 

security events, as evidence may be lost when the 

function terminates. This complicates incident response 

and forensic analysis, requiring new techniques for rapid 

evidence collection and preservation in ephemeral 

environments. 

 

Shared Responsibility Model 

Serverless computing operates under a shared responsibility 

model, where security obligations are divided between the 

cloud provider and the customer. This model introduces 

unique challenges: 

• Ambiguous Boundaries: The division of responsibilities 

can be unclear, potentially leading to security gaps if not 

properly understood and managed. This ambiguity can 

result in critical security controls being overlooked or 

incorrectly assumed to be handled by the other party. 

• Limited Control: Customers have reduced control over 

the underlying infrastructure, necessitating a reliance on 

the provider's security measures for certain aspects of the 

system. This shift requires a reevaluation of security 

strategies and a greater emphasis on application-level 

security controls. 

• Compliance Complexities: Meeting regulatory 

requirements can be more challenging in a shared 

responsibility environment, particularly for industries 

with strict data handling regulations. Organizations must 

develop new strategies to demonstrate compliance in 

environments where they have limited visibility into the 

underlying infrastructure. 

 

Increased Attack Surface 

Serverless architectures typically involve a higher number of 

components and integrations, leading to an expanded attack 

surface: 

• Function Sprawl: The ease of deploying serverless 

functions can lead to a proliferation of functions, each 

potentially introducing new vulnerabilities. This 

"function sprawl" can make it difficult to maintain 

consistent security policies and practices across all 

functions. 

• Event-Driven Architecture: The reliance on events for 

function triggering introduces new attack vectors, such as 

event injection or event manipulation [6]. Attackers 

could potentially exploit these event-driven mechanisms 

to trigger malicious actions or gain unauthorized access 

to resources 

• Third-Party Dependencies: Serverless functions often 

rely heavily on third-party libraries and services, 

increasing the risk of supply chain attacks. The rapid 

development cycle in serverless environments can 

exacerbate this risk if proper vetting and monitoring of 

dependencies are not maintained. 

 

Limited Visibility and Control 

The abstraction of infrastructure in serverless computing can 

result in reduced visibility and control over security aspects: 

• Black Box Nature: The underlying infrastructure is 

opaque to users, making it challenging to implement 

certain security controls or perform comprehensive 

security assessments. This lack of visibility requires new 

approaches to security monitoring and threat detection. 

• Monitoring Challenges: Traditional monitoring tools 

may be ineffective in serverless environments, 

complicating the detection of security anomalies. 

Organizations must adapt their monitoring strategies to 

account for the distributed and ephemeral nature of 

serverless functions. 

• Runtime Limitations: The constrained execution 

environment of serverless functions can limit the 

deployment of security agents or the performance of 

runtime security checks. This necessitates the 

development of lightweight, function-specific security 

measures that can operate within these constraints. 

 

These unique challenges necessitate a reevaluation of 

traditional security approaches and the development of 

serverless-specific security strategies. As serverless adoption 

continues to grow, addressing these challenges becomes 

increasingly critical to ensure the security and integrity of 

serverless applications. 
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Common Security Threats to Serverless Applications 

While serverless architectures offer numerous benefits, they 

also introduce unique security vulnerabilities. This section 

examines four primary categories of security threats specific 

to serverless applications: function event data injection, 

insecure serverless deployment configurations, broken 

authentication and authorization, and sensitive data 

exposure. 

 

Function Event Data Injection 

Function event data injection is a critical vulnerability in 

serverless environments, where attackers manipulate the 

event data that triggers serverless functions. This threat is 

particularly dangerous due to the event-driven nature of 

serverless architectures [7]. 

a) Attack Vector: Malicious actors can inject harmful data 

into events that trigger serverless functions, potentially 

leading to unauthorized actions or data breaches. 

b) Impact: Successful attacks can result in execution of 

unintended code, data manipulation, or unauthorized 

access to resources. 

c) Mitigation Strategies: 

• Implement strict input validation for all event data. 

• Use parameterized queries to prevent SQL injection. 

• Apply principle of least privilege to function 

permissions. 

 

Insecure Serverless Deployment Configurations 

Misconfiguration of serverless deployments can lead to 

significant security vulnerabilities, often due to the 

complexity of serverless environments and the ease of rapid 

deployment [8]. 

a) Attack Vector: Attackers exploit misconfigurations in 

function settings, API gateways, or cloud provider 

configurations. 

b) Impact: Misconfigured deployments can lead to 

unauthorized access, data leaks, or compromised 

function integrity. 

c) Mitigation Strategies: 

• Regularly audit and review serverless configurations 

• Implement infrastructure-as-code practices for 

consistent deployments. 

• Use automated tools to detect misconfigurations. 

 

Broken Authentication and Authorization 

The distributed nature of serverless architectures can 

complicate authentication and authorization processes, 

potentially leading to security gaps [2]. 

a) Attack Vector: Attackers exploit weak or improperly 

implemented authentication mechanisms to gain 

unauthorized access. 

b) Impact: Successful attacks can lead to unauthorized 

function invocations, data breaches, or escalation of 

privileges. 

c) Mitigation Strategies: 

• Implement robust authentication mechanisms (e.g., 

OAuth, JWT). 

• Use fine-grained access controls at the function level 

• Regularly rotate and manage secrets and API keys. 

 

 

 

 

Sensitive Data Exposure 

The ephemeral nature of serverless functions and the 

potential for multiple execution environments increase the 

risk of sensitive data exposure [9]. 

a) Attack Vector: Attackers may intercept or access sensitive 

data during function execution, data transit, or from 

insecure storage. 

b) Impact: Exposure of sensitive information can lead to data 

breaches, compliance violations, or reputational damage. 

c) Mitigation Strategies: 

• Encrypt sensitive data both in transit and at rest. 

• Implement proper key management practices. 

• Minimize the use of environment variables for storing 

secrets. 

 

These common threats highlight the need for a 

comprehensive security approach in serverless 

environments. Organizations must adapt their security 

practices to address these serverless-specific vulnerabilities, 

implementing robust preventive measures and maintaining 

vigilant monitoring and incident response capabilities. 

 

3. Best Practices for Securing Serverless 

Functions 
 

As serverless architectures continue to gain prominence, 

implementing robust security measures becomes paramount. 

This section outlines key best practices for securing 

serverless functions, focusing on five critical areas: 

implementing least privilege access, secure coding practices 

and input validation, encryption of data in transit and at rest, 

monitoring and logging strategies, and regular security audits 

and penetration testing. 

 

Implementing Least Privilege Access 

The principle of least privilege is fundamental to serverless 

security. It involves granting only the minimum permissions 

necessary for a function to perform its intended tasks. 

 

Key strategies: 

• Granular IAM policies: Create function-specific roles 

with precisely defined permissions. 

• Time-bound access: Implement temporary credentials that 

expire after a short period. 

• Regular permission reviews: Continuously audit and 

refine access controls as functions evolve. 

 

While implementing least privilege can be time-consuming 

initially, it significantly reduces the potential impact of a 

compromised function. Organizations should view this as an 

investment in their overall security posture. 

 

Secure Coding Practices and Input Validation 

Secure coding practices are crucial in serverless 

environments, where each function represents a potential 

entry point for attackers. 

 

Key strategies: 

• Comprehensive input validation: Validate and sanitize all 

input data, including event payloads and query 

parameters. 

• Dependency management: Regularly update and scan 

third-party libraries for vulnerabilities. 
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• Code review processes: Implement mandatory code 

reviews focusing on security aspects. 

 

Automated tools for static and dynamic code analysis can 

greatly enhance security, but they should complement, not 

replace, human expertise in secure coding practices. 

 

Encryption of Data in Transit and at Rest 

Protecting data throughout its lifecycle is critical in serverless 

architectures, where data may traverse multiple services and 

storage locations. 

 

Key strategies: 

• In-transit encryption: Use strong TLS/SSL protocols for 

all network communications. 

• At-rest encryption: Encrypt data stored in databases, 

object storage, and other persistent stores. 

• Key management: Implement robust key management 

practices, including regular key rotation. 

 

While cloud providers often offer encryption services, 

organizations should maintain control over their encryption 

keys to ensure data sovereignty and compliance with 

regulations. 

 

Monitoring and Logging Strategies 

Effective monitoring and logging are essential for detecting 

and responding to security incidents in serverless 

environments. 

 

Key strategies: 

• Centralized logging: Aggregate logs from all functions 

and related services in a central repository. 

• Real-time monitoring: Implement automated alerting for 

suspicious activities or anomalies. 

• Retention policies: Define and enforce log retention 

policies that balance security needs with cost 

considerations. 

 

The ephemeral nature of serverless functions necessitates a 

proactive approach to logging. Capturing comprehensive logs 

before function instances are terminated is crucial for 

effective incident response and forensics. 

 

Regular Security Audits and Penetration Testing 

Continuous assessment of serverless applications is vital to 

identify and address evolving security risks. 

 

Key strategies: 

• Automated security scans: Regularly scan serverless 

configurations and deployments for misconfigurations. 

• Penetration testing: Conduct thorough penetration tests 

specifically tailored to serverless architectures. 

• Third-party audits: Engage external experts to provide an 

unbiased assessment of your serverless security posture. 

 

Traditional security testing methodologies may not be fully 

applicable to serverless environments. Organizations should 

develop serverless-specific testing procedures that account 

for the unique characteristics of these architectures. 

 

Implementing these best practices requires a holistic 

approach to serverless security. Organizations must foster a 

culture of security awareness, continuously educate their 

development teams, and stay informed about emerging 

threats and mitigation strategies specific to serverless 

computing. By doing so, they can harness the full benefits of 

serverless architectures while maintaining a robust security 

posture.  

 

4. Case Studies  
 

Case Study 1: JPMorgan Chase 

• Challenge: JPMorgan Chase faced challenges in 

detecting and responding to sophisticated cyber threats in 

its hybrid cloud environment. 

• Solution: The firm implemented an AI-driven SIEM 

system that integrated with their existing security tools. 

The system used machine learning algorithms to analyze 

network traffic and detect anomalies in real-time [7]. 

• Outcome: JPMorgan Chase achieved a 30% reduction in 

response times and a 25% decrease in false positives, 

significantly improving their overall security posture [7]. 

 

Case Study 2: Mayo Clinic 

• Challenge: Mayo Clinic needed to secure sensitive 

patient data across their hybrid cloud infrastructure while 

complying with stringent regulatory requirements. 

• Solution: The clinic deployed an EDR solution with AI 

capabilities to monitor endpoint activities and detect 

potential threats. They also integrated a TIP to gather and 

analyze threat intelligence [8]. 

• Outcome: Mayo Clinic enhanced their threat detection 

capabilities and achieved compliance with regulatory 

standards, ensuring the security and privacy of patient 

data [9]. 

 

Case Study 3: Amazon 

• Challenge: Amazon experienced frequent DDoS attacks 

and needed a solution to protect their hybrid cloud 

environment. 

• Solution: Amazon implemented an NTA tool with 

machine learning algorithms to monitor network traffic 

and detect anomalies. They also used a SOAR platform 

to automate incident response [9]. 

• Outcome: Amazon successfully mitigated DDoS attacks, 

reducing downtime and improving customer satisfaction. 

The automation of incident response processes also freed 

up valuable resources for other security tasks [9]. 

 

5. Conclusion  
 

As we've explored throughout this paper, serverless 

computing presents a paradigm shift in application 

development and deployment, bringing with it unique 

security challenges and opportunities. The ephemeral nature 

of functions, shared responsibility models, and the increased 

attack surface demand a reevaluation of traditional security 

approaches. Yet, with careful implementation of best 

practices, organizations can harness the power of serverless 

architectures while maintaining robust security. 

 

The key security challenges we've discussed – from function 

event data injection to sensitive data exposure – underscore 

the need for a holistic approach to serverless security. As an 

engineer with extensive experience in serverless computing, 
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I've witnessed firsthand how these challenges can catch even 

seasoned developers off guard. The rapid development 

cycles and ease of deployment that make serverless so 

attractive can also lead to overlooked vulnerabilities if 

security isn't baked into every stage of the development 

process. 

 

Our examination of best practices highlights the critical 

importance of implementing least privilege access, adopting 

secure coding practices, ensuring data encryption, 

maintaining comprehensive monitoring and logging, and 

conducting regular security audits. These practices, while 

foundational, must be adapted and evolved to meet the 

unique demands of serverless environments. In my 

experience, organizations that successfully secure their 

serverless applications are those that view security not as a 

checklist, but as an ongoing process deeply integrated into 

their development culture. 

 

Looking to the future, I anticipate several key trends in 

serverless security research and development. First, we're 

likely to see an increased focus on automated security tools 

specifically designed for serverless architectures. These 

tools will need to operate at the speed and scale of serverless 

deployments, providing real-time security analysis and 

remediation suggestions. 

 

Secondly, I expect significant advancements in function-

level isolation techniques. As the granularity of serverless 

deployments increases, so too will the need for more 

sophisticated methods of ensuring that individual functions 

are securely isolated from one another, even when running 

on shared infrastructure. 

 

Another area ripe for innovation is in serverless-specific 

identity and access management. Future solutions will likely 

offer more granular and dynamic access controls, potentially 

leveraging AI and machine learning to adapt permissions in 

real-time based on function behavior and context. 

 

Furthermore, I anticipate a growing emphasis on serverless 

security standards and best practices. As the serverless 

ecosystem matures, we're likely to see industry-wide efforts 

to establish common security frameworks and compliance 

guidelines specific to serverless architectures. 

 

For developers and organizations adopting serverless 

architectures, the message is clear: embrace the 

opportunities that serverless computing offers, but do so 

with a security-first mindset. This means not only 

implementing the best practices we've discussed but also 

staying informed about emerging threats and continuously 

evolving your security strategies. Invest in training your 

teams not just in serverless development, but in serverless 

security principles. Foster a culture where security is 

everyone's responsibility, from developers to operations 

teams. Engage with the broader serverless community to 

share knowledge and stay abreast of new security techniques 

and tool. Remember that the serverless journey is ongoing. 

As your applications evolve, so too should your security 

measures. Regular assessments, penetration testing, and a 

willingness to adapt are crucial in this rapidly changing 

landscape. 

In conclusion, while serverless computing introduces new 

security challenges, it also offers an opportunity to rethink 

and improve our approach to application security. By 

embracing best practices, staying vigilant, and actively 

participating in the evolution of serverless security, 

organizations can confidently leverage the benefits of this 

transformative technology while maintaining a strong 

security posture. The future of serverless is bright, and with 

the right approach, it can also be secure. 

 

Acknowledgment  

The author would like to extend sincere thanks to New York 

University for graciously providing the resources to conduct 

the research.  

 

References 
 

[1] Baldini, I., Castro, P., Chang, K., Cheng, P., Fink, S., 

Ishakian, V., ... & Suter, P. (2017). Serverless 

computing: Current trends and open problems. In 

Research Advances in Cloud Computing (pp. 1-20). 

Springer, Singapore. 

[2] Brenner, S., Hundt, T., Mazzeo, G., & Kapitza, R. 

(2019). Secure serverless computing using dynamic 

hooks. In Proceedings of the 28th USENIX Security 

Symposium (pp. 1207-1224). 

[3] Castro, P., Ishakian, V., Muthusamy, V., & Slominski, 

A. (2019). The server is dead, long live the server: Rise 

of serverless computing, overview of current state and 

future trends in research and industry. arXiv preprint 

arXiv:1906.02888. 

[4] Lynn, T., Rosati, P., Lejeune, A., & Emeakaroha, V. 

(2017). A preliminary review of enterprise serverless 

cloud computing (function-as-a-service) platforms. In 

2017 IEEE International Conference on Cloud 

Computing Technology and Science (CloudCom) (pp. 

162-169). IEEE. 

[5] Sharma, V. S., Mesbahi, M. R., & Lundqvist, K. (2021). 

Serverless security: Challenges and opportunities. In 

2021 IEEE 45th Annual Computers, Software, and 

Applications Conference (COMPSAC) (pp. 1522-

1527). IEEE. 

[6] Serverless Security Top 10. (2021). PureSec. Retrieved 

from https://www.puresec.io/serverless-security-top-10-

guide 

[7] Dutta, S., Gera, S., Verma, A., & Viswanathan, B. 

(2018). SmartLambda: Cost-aware resource allocation 

for serverless computing. In 2018 IEEE International 

Conference on Smart Computing (SMARTCOMP) (pp. 

64-71). IEEE. 

[8] Adzic, G., & Chatley, R. (2017). Serverless computing: 

economic and architectural impact. In Proceedings of 

the 2017 11th Joint Meeting on Foundations of 

Software Engineering (pp. 884-889). 

[9] Alpernas, K., Flanagan, C., Fouladi, S., Ryzhyk, L., 

Sagiv, M., Schmitz, T., & Winstein, K. (2018). Secure 

serverless computing using dynamic information flow 

control. Proceedings of the ACM on Programming 

Languages, 2(OOPSLA), 1-26. 

Paper ID: SR24723103837 DOI: https://dx.doi.org/10.21275/SR24723103837 1194 

https://www.ijsr.net/
https://www.puresec.io/serverless-security-top-10-guide
https://www.puresec.io/serverless-security-top-10-guide



