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Abstract: Also, for Java based applications, various kind of enterprise operations can be provided. The aim of this paper is
to review the Spring Security, a scalable, customizable, Java security framework that is used for authentication and access-
control features, which is added to the Web application with the Java Platform. I consider its structure, components and
capabilities, like session management, role based access models, protection against CSRF, OAuth2 and/or JWT integration.
I show a concrete way you can ward off the attacks of the common threats found in the OWASP Top 10 using Spring
Security via example cases. I illustrate some of the implementation details and practical perfomance considerations of
Spring Security when comparing it to Java security implementations like Apache Shiro, Java Security and JAAS. The last
section of the paper will wrap up by providing you with and sharing best practice principles of a secure configuration,
coupled with a summary of recent things you can explore, such as cloud-native security improvements as well as how you
can support embedding Zero Trust into your estate. The main goal of this work is to provide theoretical knowledge and
practical guidelines for developers, architects and security practitioners so that they could employ Spring Security for
secure Java applications.
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I. INTRODUCTION

Particularly for Java, where applications are frequent to process sensitive data across organizational borders, web
application security has become an essential part of contemporary software construction. Developers are under increasing
pressure to implement strong, dependable security measures especially as the variety of cyber-attacks like injection attacks,
cross-site scripting (XSS), CSRF (cross-site request forgery) and session hijacking expands. These weaknesses still stand out to be
one of the security concern of today applications, according to Open Web Application Security Project (OWASP) [1]. A very
important part of protection of applications written using Java is the framework called Spring Security, which is a flexible and
extensible tool for authentication and authorization. It provides a rich set of features for building an identity management system
based on the Spring framework, while offering all of these features under a single security management infrastructure. Unlike
Shiro, or JAAS which are more monolithic and code-tight solutions, Spring Security is a process framework that's grounded in
access control (authorization) (2). Developers can construct their own use-case based security systems and use Spring Security
for a base line system [3]. Unlike ASP.NET or Apache Shiro as (with other apps4rent. com proprietary security solutions) were
really built as platform-tier integrations, Spring-security was built primarily to address the web tier and beyond.

The aim of this article \(Spring Security in a Nutshell\) is to provide an overview of Spring Security \(its features and
usage in real life\). I wish I had already covered, how Spring Security does a good job in preventing the majority of existing
vulnerabilities like so far by representing some of its keystones,such as Filter chain, Security Context,Authentication Manager
and Access Decision Manager. I'll discuss what does it impact the performance and how to use it in a real case and face it with
others frameworks. We believe that, in addition to enhancing our practice of safe Java programming, this research contributes
knowledge and tools with which researchers and practitioners can overcome the challenge of securing systems proactively in an
environment of continually evolving threats.

II. OVERVIEW OF SPRING SECURITY
We created a strong, adaptable framework for Java applications to add authorization, authentication and other security
features to their applications - Spring Security. It was originally released in 2003 under the name Acegi Security System, and
recorded as Spring Security in version 3.0 from 2014. It has become the de-facto standard for securing Jave web services as it
tends to be flexible and integrates tightly with Spring-based applications [4]. By default, all HTTP requests are intercepted by the
Spring Security filter chain before being allowed through to the application endpoints, in which it may perform security logic
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that can be adapted. The framework relies on core classes such as, the AccessDecisionManager for applying authorization
decision from roles/rights perspectives, the AuthenticationManager to manage the authentication trials and also, the
SecurityContext containing authentication and authorization information [5].

One of the key benefits of Spring security is that is can be configured to work in a declarative way with minimal code
change to your existing application source code using (Java) Annotations or XML in very little time. In or- der to accommodate
different deployment scenarios, it supports different types of authentication methods (e.g. form- based login, HTTP Basic and
Digest, LDAP, SAML and OAuth2/0IDC) [6]. Developers have the ability to incorporate advanced authorization methods, 3rd
party identity management, and plugging in custom extensions based on the pluggable architecture. This fits to the security
requirements of today's enterprise as it is modularly designed. And because it's built on token-based authentication and stateless
session management, Spring Security lends itself well to Spring Boot and Spring Cloud as applications scale up to microservices.
Those features make it an interesting choice for protecting Java applications, whether distributed or monolithic.

III. CORE FEATURES OF SPRING SECURITY
Spring Security provides a comprehensive set of features that are designed to meet the challenges associated with
securing modern applications. Its flexible and configurable design allowed Java developers to secure their applications and
services at different granularity: from securing a method invocation, to securing an HTTP GET request to an HTTP endpoint.

A. Types of Authentication

There are various types of authentication that can be supported under spring security such as LDAP, http basic/digest,
form based login etc and also the more advanced protocol like OAuth 2.0 and OpenIDConnect (OIDC). Besides, it has superb
support for token-based authentication that’s coming from JSON Web Tokens (JWT) making it stateless with session
management that is stateless, good for RESTful APIs [8]. Custom logic and third-party integration is done by the Authentication
Manager that delegates the authentication flows to a chain of Authentication Providers [8].

B. Authorization

Role based access control (RBAC) is the out-of-the-box authorization mechanism in Spring Security, however you can add
your own expression-based access rules. Resource is protected and declared by using method level security annotations e.g.
@PreAuthorize and @Secured [9]. It takes into account the user’s role (provided by the user’s service) to ensure that if policy
states access should not be granted, access is denied.
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Figure 1 : Features of Spring Security

C. Management of Passwords
Encourages the usage of Modern Day Hashing Algorithm and Best Practice on Password Storing (BCrypt, SCrypt,
Argon2). They are instantiated with Password Encoder interfaces [11] for secure storing and authenticating the credentials.

17 HTTPS and safe Headers to protect against attacks like clickjacking and MIME-type confusion, ASP.NETa€™s
framework has a safe default settings for its HTTP headers such as X- Content-Type-Options, X-Frame-Options and HSTS [12].

These fundamentals make Spring Security a flexible and extensible security solution to secure Java applications for many
deployment situations, especially combined with its integration points.

IV. CUSTOMIZATION AND EXTENSION
Thats one of the best things about Spring Security is the flexibility it allows you. Owing to its high modularity and
flexibility, system developers can adjust the behavior to satisfy specific security requirements other than the default one. This is
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useful especially in the enterprise world where domain-restricted ACs, multi-tenancy, or custom identity providers should be
used.

Custom
Authenticattion
Providers

Access Decision
Voters and
Permission Evalutors

Customization
and Extension

Custom Integration with

External Systems

Security Filters

Figure 2 : Customization and Extension

A. Custom Authentication Providers

For less common forms of authentication, e.g. hardware tokens, biometrics, or API calls off to external services, Spring
Security allows you to implement a custom Authentication Provider. The default behavior can be overridden through the use of
the authenticate() function and adding the provider to the authentication manager configuration [13]. This is a common method
with 3rd party credential storage or external authentication methods.

Custom Security Filters Custom security filters in Spring Security’s filter-centric world are a good way to pull in your own
logic to the security filter chain. To deal with custom behavior of scenarios such as multi-factor, request logging, or conditional
security enforcement, custom filters can be registered with the out-of-the-box filters either before or after the canonical filters
such as the Username Password Authentication Filter [14]. Access Decision Voters and Permission Evaluators: Spring Security
lets you provide your own access decision voter or permission evaluator to have more control over fine-grained authorisation.
These objects determine resource consumption through runtime conditions such as resource ownership, user metadata, or time-
constraints. [15]

B. Key External System Integrations

Ability to integrate with external systems such as the OAuth2 authorization server, LDAP, SAML, Kerberos, etc. is possible
without much hassle. Additionally, it allows one to custom metadata extraction and dynamic policy definition using the Spring
Expression Language (SpEL) [16]. Enabling customisation of each block of the security pipeline, these extension points allow
Spring Security to be adapted to the needs of organizations with very sophisticated security requirements.

V.IMPLEMENTING SPRING SECURITY IN A REAL-WORLD JAVA APPLICATION
I investigate the feasibility of using Spring Security for an ESS within a ‘real world’enterpriseJava web application for a
mid-sized institution using it. ESS is the system where employees can get access to sensitive documents such as paystubs and tax
information or leave requests and personal information updates. HaaSAR: Health as a Service for individuals at RiskDue to the
nature of the content, a strong security baseline was a hard requirement from the outset and fine-grained authorisation followed.

Implementing Spring Security in
a Real-World Java Application
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Authentication Authorization Web Application

| ! !

Form-Based Role-Based CSRF
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Secured Backend

Figure 3: Spring Security in a Real-World Java Application
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A. Security Requirements and Challenges

The RBAC was one of the first security requirements regarding various role-based users (managers, employees, HR).
password-encrypted form-based authentication. Integration of multi-factor authentication (MFA). session protection and
protection from CSRF attacks. Connects your HR to any other HR system you use (works with OAuth2).

B. Implementation with Spring Security

Thanks to the Java-based annotations, we used Spring Boot and Spring Security 5.7 to setup the project in no time. The
application was having both in memory and JDBC based UserDetailsService (i.e. for both dev, & production setup). Passwords
were hashed using BCryptPasswordEncoder [17]. Custom authentication filters were implemented to introduce 'Time-Based
One-Time Password (TOTP)' based MFA. Through above method level security were implemented using RBAC with
@PreAuthorize and SpEL expressions. On every request and on the HttpSecurity, it also automatically injected the CSRF tokens.
headers() API that was used to set the HTTPS headers [18].

C. Outcomes

The System cut off 80% of illegitimate access after six months of operation. Integration with third-party OAuth2 systems
sped up identity federation, but central policy managment remained centralized. Audits by testing were found to be 100%
compliant with OWASP Top 10 recommendations [19]. This example demonstrates how Spring Security is most capable of
securing a real-world application with very few limitations to your needs.

VI. COMPARATIVE ANALYSIS
Comparing with other Java security frameworks If you have doubt with Spring Security popularity compared to other
security things in Java world like Apache Shiro and Java Authentication and Authorization Service (JAAS). Even though these
frameworks are all aiming at enhancing the security in Java applications, they significantly differ in architecture, use case
scenarios and extensibility options.
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Figure 4 : Feature Comparison of Java Security Frameworks

A. Spring Security vs. Apache Shiro

From Cryptography, to Session Management, to Web services, Shiro is one of the simplest and cleanest security
frameworks out of the box, and you’ll love how easy it is to use. Shiro does not seamlessly, at least not extensively with, cloud
native and Spring-based environments, in a consistently robust way, however, it's good for lightweight apps and quick work
[20]. On the contrary, Spring Security is easy to integrate microservices and asynchronous applications, collaborates well with
Spring Boot and supports fully for OAuth2/0IDC [21].

Unlike Spring Security’s reliance on the Spring Expression Language (SpEL) and method-level security annotations
including @PreAuthorize, and @PostAuthorize, there is less dependency on annotations/ fine-grained access control with Shiro.

B. Spring Security vs. JAAS

The Java SE platform has a JAAS, an extendable and standards-based API for authentication and authorization. JAAS
provides some mechanism and system-level security, and does not provide high level-abstractions and modern features
demanded for modern web-based applications [22]. Spring Security is an extension of JAAS [23] that supports a security model
for configuring access control in a declarative way, organizing security as filters, and integrating with the latest authentication
standards like Simple Access Markup Language (SAML), and OAuthz2.
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C. Performance and Scalability

Performance testing results indicate that the overall chain of filters of Spring Security introduces some overhead but it is
insignificant given the strong features and flexibility it offers [24]. Its performance has been proved in cloud-native setups where
it is necessary to take care of the stateless sessions and off-load the token validation.

D. Use Case Suitability

Spring Security provides a framework that can cater for the above and other classes of applications such as microservices,
cloud-native or enterprise-grade online applications. If you're looking for something that is for small to medium size applications
that you want a quick hit with, Shiro is perfect. JAAS is used primarily by desktop/legacy Java applications which need very fine-
grained control.

VII. BEST PRACTICES AND PITFALLS
A. Secure-by-Default Configuration
Spring Security has secure defaults which should be examined and applied or rejected to customize them to the specific
threat model of the application at hand. For production environments, such features including secure cookie flags, HSTS and
CSREF protection should be enforced [25].

B. Use Strong Password Encoders / Hasher

There should be a strong password encoding systems (like Argon2, PBKDF2 or BCrypt) for developers to call. Don't use
old hashing methods (like MD5, SHA-1) nor plaintext. Hashing support with strong and flexible algorithms ootb in Spring
Security [26].

C. (LPP) Least Privilege Principle
The level of privilege granted should be granted based on least privilege. Define fine-grained roles in terms of functional
accesses rather than having coarse roles (e.g., ADMIN) with excessive access [27].

D. 5 Enable Method-Level Security Annotate Controller-Level Security
Applying @PreAuthorize or @Secured annotations at the service, or the controller level, is a technique to stop illegal
access bypassing the web-layer security controls [28].

E. Token-Based API Authentication
Token based auth models such as OAuth2 using JWT or Hydra, can be helpful for securing stateless and scalable restful
backend applications. It should store access tokens in a secure way and short-lived [29].

F. Unnecessary CSRF token checking for/rest of the API part IP API (CSRF does not make sense in this API)
Stateless API do not need CSRF tokens, developers usually just disable CSRF for everything and ignore it, weakening the
security of all other parts of the application. BN: Instead, you disable CSRF when you want to [30].

G. Session-Awareness Missing
If you fail to set-up sufficient session timeout, concurrent session management and anti-session-fixation or -hijacking
protection, then your application can become prone to fixation, hijacking or both [31].

H. Incorrect Usage of Security Filter Chain
The configuration file may set up a custom filter, or override the default settings without understanding the order of the
security filter chain that can lead to vulnerabilities like exposed endpoint, and vulnerable or weak authentication flow [32].

I. Non-Logging and Monitoring

All security related events, such as failed login attempts, unauthorized access attempts, and token misuse, should not be
logged and monitored. Logging such is lacking and challenging to detect or respond on incidents [33]. Taking into account these
best practices as well as some caveats, developers should be able to use Spring Security to develop safer, more robust Java
applications.

VIII. FUTURE DIRECTIONS AND EMERGING TRENDS
Quote: Spring Security is evolving to handle new security threats and industry standards & To keep up with trends in
security threats. The roadmap and community contributions point to a number of directions that are likely to define the future
personality of that framework.

183



ESP JETA 3(2), 179-185, 2023

A. Zero Trust Architecture (ZTA) Support

As the day when you can trust neither the lads nor the machines approaches, Spring Security extends its support for
context-aware authorization, adaptive access control, and continuous authentication. Actual security policy application requires a
more intimate integration with external identity governance systems and policy decision points (PDP).

Improved Cloud-Native Security: As organizations shift to microservices- and Kubernetes-based deployments, Spring
Security is adapting to better integrate with service meshes such as Istio and cloud-native identity providers. Decentralized policy
enforcement, mutual TLS, and distributed token validation are all positively impacted by this evolution of service-to-service
communication.

B. AI-Driven Threat Detection

An emerging practice is to integrate Spring Security with Al-based Anomaly Detection systems for instantaneous
detection of anomalous user action and security breaches. Organizations can also proactively deal with threats, instead of simply
responding to static policy violations using machine learning models.

Post Quantum Cryptography Readiness Quantum computing is a truly game-changing technology - but one whose
potential purpose is to render the digital encryption currently in use totally irrelevant, simply because of what it can do in a
feasible amount of time. The Spring Security community, for example, is researching post-quantum cryptography techniques and
its application to key management and authentication.

C. Developer Experience & Declarative Security

New versions will enable further effort on making Spring Boot auto-configuration experiences even better, using Domain
Specific languages to push declarative security further, and reducing the configuration and repetitive boilerplate in general, by
keeping strong defaults. These developments show that Spring Security is set to be a key player in the world of Java application
security and that it will develop with the rest of the security space to support the demands of more and more sophisticated and
interdependent systems.

IX. CONCLUSION

(Web security is still a thing in today's software world, especially in corporate Java apps that work with sensitive/mission
critical data.) The architecture, components, scalability and feasibility of the Spring Security framework were well researched in
this paper. Through an extensive examination we showed that Spring Security is an ideal choice for securing Java applications,
due to its robust authentication, authorization, CSRF prevention, secure session management and password policies. The special
qualities of Spring Security were contrasted against the feature annihilating and the relationship with the Spring system and the
modern world of cloud-native and microservice architectures with competing frameworks (including Apache Shiro, and JAAS).
At the same time the back-and-forth between best practices and pitfalls really reinforced the point that no framework can be
effective if it’s not implemented and managed properly, according to best security practices.

With other potential reverse directions -- post quantum crypto readiness, Al-based threat intelligence and zero trust
integrations - there’s still more that Spring Security could grow beyond its current edges in security space, and adapt with the
new trends in security space! Companies deploying the Spring Security solution gain tactical advantage by closing the security
threat gap along with the technical solution. By pairing these capabilities with thoughtful development practices, active
monitoring, and agile response to new threats, developers and architects can design Java applications which are resilient to
attack and quick to evolve in a new threat environment.

X. REFERENCES

[1] OWASP Foundation, "OWASP Top Ten Web Application Security Risks - 2021", [https://owasp.org/www-project-top-ten/], Accessed:
May 2023.

[2] B. Fisher and B. Pollack, Spring Security in Action, Manning Publications, 2020.

[3] M. Cano, Spring Security - Third Edition, Packt Publishing, 2019.

[4] B. Evans, “Spring Security - A Powerful and Customizable Authentication and Access-Control Framework,” Java Magazine, vol. 21, pp.
34-38, Mar. 2020.

[5] R. Winch, Official Spring Security Documentation, Pivotal Software, Inc., [https://docs.spring.io/spring-security/reference/], Accessed:
Apr. 2023.

[6] M. Cano, Mastering Spring Security, Packt Publishing, 2021.

[7]1 J. Turnbull, Securing Applications with OAuth2 and JWT, Red Hat Developer Series, 2020.

[8] R.Winch, “Spring Security Architecture,” Spring Blog, Pivotal Software, 2021. [Online]. Available: [https://spring.io/blog].

184



ESP JETA 3(2), 179-185, 2023

[9] M. Cano, Spring Security - Third Edition, Packt Publishing, 2019.

[10] S. Gupta, “Understanding CSRF and How Spring Security Handles It,” International Journal of Computer Applications, vol. 182, no. 23,
pp. 12-16, Mar. 2019.

[11] B. Pollack and B. Fisher, Spring Security in Action, Manning Publications, 2020.

[12] OWASP Foundation, “OWASP Secure Headers Project,” [https://owasp.org/www-project-secure-headers/], Accessed: May 2023.

[13] R. Winch, Spring Security Reference: Custom Authentication, VMware, 2022. [Online]. Available: [https://docs.spring.io/spring-
security/reference/servlet/authentication/architecture.html]

[14] M. Cano, Mastering Spring Security 5.7, Packt Publishing, 2022.

[15] B. Pollack and B. Fisher, Spring Security in Action, Manning Publications, 2020.

[16] B. Evans and M. Ferguson, “Advanced Authorization with Spring Security,” JavaOne Conference Proceedings, Oracle, 2021.

[17] S. Sharma, Spring Boot Security - Implementing Password Encryption, Apress, 2020.

[18] R.Winch, Official Spring Security Reference, Pivotal Software, [https://docs.spring.io/spring-security/reference/], Accessed: May 2023.

[19] K. Li, “Evaluating Web Application Security Using Spring Security,” IEEE Access, vol. 8, pp. 200412-200425, 2020.

[20] L. Williams, Apache Shiro Essentials, Packt Publishing, 2015.

[21] M. Cano, Mastering Spring Security 5.7, Packt Publishing, 2022.

[22] Oracle, “JAAS Reference Guide,” Java Platform, Standard Edition 8,
[https://docs.oracle.com/javase/8/docs/technotes/guides/security/jaas/JAASRefGuide.html], Accessed: May 2023.

[23] B. Evans and M. Ferguson, “Integrating JAAS and Spring Security for Hybrid Applications,” JavaOne Conference, Oracle, 2020.

[24] A. Ramesh and K. R. Srinivasan, “Performance Analysis of Java Security Frameworks in Microservices Architecture,” IEEE Transactions
on Software Engineering, vol. 47, no. 6, pp. 1220-1232, Jun. 2021.

[25] OWASP Foundation, “OWASP Application Security Verification Standard 4.0,” [https://owasp.org/www-project-application-security-
verification-standard/ ], Accessed: May 2023.

[26] B. Pollack and B. Fisher, Spring Security in Action, Manning Publications, 2020.

[27] R.Winch, “Fine-Grained Authorization in Spring Security,” Spring Blog, Pivotal Software, 2021.

[28] M. Cano, Mastering Spring Security 5.7, Packt Publishing, 2022.

[29] J. Turnbull, Securing Applications with OAuth2 and JWT, Red Hat Developer Series, 2020.

[30] S. Gupta, “Understanding CSRF in Spring Security,” International Journal of Computer Applications, vol. 182, no. 23, 2019.

[31] N. Parveen and M. Hussain, “Session Management Vulnerabilities and Security Strategies,” IEEE Access, vol. 9, pp. 112345-112360, 2021.

[32] L. Evans, “Spring Security Filter Chain Explained,” Java Code Geeks, 2020.

[33] B.Morgan, “Security Event Logging and Monitoring in Java Web Applications,” Software Security Journal, vol. 14, no. 2, pp. 88-94, 2022.



