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Abstract: 

This whitepaper examines application security considerations for Kotlin-based software 

systems, with a focus on developer-responsible risks rather than language-level guarantees. It 

analyzes common attack vectors, including authentication and authorization failures, injection 

attacks, and platform-specific vulnerabilities, particularly within the Android ecosystem. The 

paper provides practical defensive strategies aligned with real-world threat models to help 

developers build secure, resilient applications.  

This document is intended for developers, architects, and technical leads responsible for 

secure Kotlin-based systems. 

 

 

 

 

mailto:kocoviczoran@gmail.com


2 
 

Table of Contents 

 Landing page & author information 
 Abstract 

1.0 Introduction: Defining the scope of security in Kotlin 

2.0 A balanced analysis of Kotlin’s security posture 

 2.1 Inherent strengths of the Kotlin language 
 2.2 Potential weaknesses and developer-introduced risks 

3.0 Common application security attacks in the Kotlin ecosystem 

 3.1 Authentication and authorization vulnerabilities 
 3.2 Injection attacks 
 3.3 Web and session vulnerabilities 

4.0 Defensive Strategies and Security Best Practices 

 4.1 Security by design 
 4.2 Secure authentication and authorization design 
 4.3 Secure data handling and validation 
 4.4 Secure deserialization and data parsing 
 4.5 Secure logging, error handling, and monitoring 
 4.6 Security requirements and enforceability 
 4.7 Secure software development lifecycle (SSDLC) integration 
 4.8 Risk severity assessment and prioritization 
 4.9 Secure backend and microservice architecture 

5.0 Special considerations for Android development 

 5.1 The Android security model: sandbox and permissions 
 5.2 Secure inter-process communication (IPC) 
 5.3 Mitigating high-risk component vulnerabilities 
 5.4 Runtime security and platform integrity considerations 

6.0 Conclusion: Fostering a security-first development culture 

 Core pillars of resilient applications 

Appendix 

 Appendix A: Secure coding and design checklist 



3 
 

 

 
 

Kotlin Application Security: A Technical Whitepaper for Developers 

 

1.0 Introduction: Defining the scope of security in Kotlin 

Kotlin has firmly established itself as a prominent language in modern software development, 

becoming the preferred choice for the Android ecosystem and a significant player in building 

web applications and microservices. Given its widespread adoption, mastering its security 

landscape is a matter of strategic necessity for all development teams. This whitepaper serves 

as a definitive guide for developers, differentiating between the security of the language itself 

and the security of applications built with it.  

This whitepaper establishes the non-negotiable security principles and practices that developers 

are accountable for implementing throughout the software development lifecycle. A critical 

distinction must be made at the outset. Security vulnerabilities can exist at the level of the Java 

Virtual Machine (JVM) or within Kotlin's language APIs; the responsibility for addressing these 

issues falls to the Kotlin team, who release regular updates and patches. In contrast, application 

security vulnerabilities are introduced through a developer's code and design choices. These 

are the security risks that threat actors exploit to steal data or compromise services, and their 

mitigation is the developer's primary responsibility. Throughout this paper, we will analyze 

common application vulnerabilities such as  SQL injection , where an attacker manipulates 

database queries;  command injection , which involves executing malicious code on a server; 

and  Cross-Site Scripting (XSS) , where malicious scripts are injected into web pages viewed 

by other users. An architectural understanding of these threats is the first step toward building a 
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robust defense. We will now analyze Kotlin's inherent features that can bolster security and the 

potential weaknesses developers must actively mitigate. 

 

2.0  A balanced analysis of Kotlin's security posture 

The design of a programming language can either facilitate or hinder the development of secure 

code. A language with built-in safeguards can prevent common errors, while one with 

ambiguous or complex features might inadvertently create security loopholes. This section 

provides a balanced assessment of Kotlin's innate strengths, which developers must leverage, 

and the potential weaknesses that require careful mitigation to prevent the introduction of critical 

vulnerabilities. 

 

2.1 Inherent strengths of the Kotlin language 

Kotlin was designed with features that, when used correctly, contribute to more robust and 

secure code. These built-in characteristics provide a strong foundation for application security. 

● Null safety  Kotlin's type system is engineered to eliminate the NullPointerException, 

one of the most common causes of application crashes. By forcing developers to 

explicitly handle nullable types, the language reduces the risk of unexpected null values 

causing runtime errors that could be exploited. 

● Immutability  Kotlin mandates a preference for immutable variables by providing the val 

keyword for read-only properties. Utilizing immutable variables ensures that their state 

cannot be changed after initialization, which leads to more predictable and secure code, 

especially in multi-threaded environments. 

● Data encryption  The Kotlin ecosystem provides access to powerful and easy-to-use 

libraries that simplify data encryption. Tools like Jetpack Security for Android offer robust 

implementations for encrypting data at rest, making it easier for developers to protect 

sensitive information stored on a device. 

● Frequent updates  Security is a continuous process of identifying and addressing new 

threats. The Kotlin team consistently releases updates and patches that address newly 

discovered vulnerabilities in the language and its APIs, ensuring that developers have 

the tools to keep their applications protected against emerging threats. 

 

2.2 Potential weaknesses and developer- introduced risks 

Despite its strengths, applications built with Kotlin are not immune to security flaws, particularly 

those introduced by developers. A comprehensive security strategy demands awareness of 

these weaknesses. 

● Reverse engineering  Like many languages that compile to byte code, Kotlin 

applications can be reverse-engineered. A threat actor can decompile an app to 

understand its internal workings. This poses a significant risk if sensitive data, such as 

API keys or other credentials, are hard-coded directly into the application source code, 

as they can be easily exposed. 
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● Misuse of Network Communication APIs Kotlin provides built-in tools like 

HttpsURLConnection and WebView for network communication. However, their 

improper use creates significant security risks. Making network requests over non-

secure protocols (HTTP instead of HTTPS) exposes sensitive data to interception, 

creating a man-in-the-middle vulnerability. Similarly, misconfiguring a WebView—for 

example, by enabling JavaScript execution for untrusted content—exposes the 

application to XSS and other web-based attacks.A failure to internalize these strengths 

and weaknesses directly translates into the exploitable attack vectors detailed in the 

following section. 

3.0 Common application security attacks in the Kotlin ecosystem 

Recognizing common attack vectors is essential for any developer focused on security. While 

Kotlin is a modern and robust language, applications built with it are susceptible to the same 

classic vulnerabilities that have plagued software for decades. Defensive coding is not an 

optional extra; it is a core requirement for building trustworthy applications. This section details 

several common attacks that developers must guard against. 

 

3.1 Authentication and authorization vulnerabilities  

Authentication and authorization flaws remain among the most exploited classes of 

vulnerabilities in modern applications, including those written in Kotlin. While Kotlin’s language 

features help prevent certain categories of runtime errors, they provide no inherent protection 

against flawed access control logic. A common issue is the improper handling of authentication 

tokens such as JSON Web Tokens (JWTs). Storing access tokens insecurely—such as in 

plaintext shared preferences on Android or exposed client-side storage in web applications—

can allow attackers to hijack authenticated sessions. Tokens must be stored using secure 

mechanisms such as the Android Keystore system or secure, server-managed session storage. 

Authorization flaws often manifest as Insecure Direct Object References (IDOR). In these 

cases, an application correctly authenticates a user but fails to verify that the user is authorized 

to access a specific resource.  

For example, modifying a request parameter such as a user ID or record ID may grant 

unauthorized access to another user’s data. Kotlin’s type safety does not mitigate this risk, as it 

is a logical design flaw rather than a programming error. Developers must enforce authorization 

checks on the server side for every sensitive operation. Client-side checks—whether 

implemented in Android UI logic or Kotlin-based frontend code—must never be treated as a 

security boundary. 

 

3.2 Injection attacks 

Injection attacks occur when an attacker provides untrusted input to an application, which is 

then processed as part of a command or query. 

● SQL injection  This attack involves an attacker manipulating SQL queries by inserting 

malicious SQL code through user input fields. For example, an attacker could alter a 
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URL parameter that is used to build a database query, allowing them to bypass 

authentication, read sensitive data, or modify database records. 

● Cross-Site scripting (XSS)  XSS is a vulnerability that allows an attacker to inject 

malicious scripts (usually JavaScript) into a web page that is then viewed by other users. 

An attacker might post a comment containing a malicious script on a forum; when other 

users view that comment, the script executes in their browser, potentially stealing 

session cookies or other sensitive information. This is a particularly critical threat in the 

mobile context, where a misconfigured WebView can serve as a direct entry point for 

such attacks. 

● Command injection  In a command injection attack, the goal is to execute arbitrary 

commands on the host operating system via a vulnerable application. An attacker can 

achieve this by injecting malicious code through user input, such as a URL query 

parameter, which the server-side code then executes as a system command. 

 

 

 

 

 

 

 

 

 

 

3.3 Web and session vulnerabilities 

 

These attacks target web-based applications and the mechanisms they use to manage user 

sessions and data transfer. 

● Cross-Site request forgery (CSRF)  CSRF is an attack that tricks an authenticated 

user into submitting a malicious request. The attack leverages the trust a website has for 

an authenticated user's browser. An attacker could, for example, craft a malicious URL 

and trick a logged-in user into clicking it, causing the user's browser to execute an 

unauthorized command, such as changing their password or making a financial 

transaction. 

● Insecure data in transit (Missing HSTS)  This vulnerability arises when an application 

fails to enforce secure, encrypted connections, allowing data to be sent over non-secure 

HTTP. The absence of an HTTP Strict Transport Security (HSTS) policy header leaves 

connections susceptible to downgrade attacks and man-in-the-middle 

Example : 

 

X Insecure: String Concatenation  

DANGEROUS: Vulnerable to SQL Injection 

val query = "SELECT * FROM users WHERE username = '" + userInput + "'" 

database.execSQL(query) 

 

 Secure: Parameterized Queries 

SAFE: Uses placeholders to prevent malicious input execution 

val query = "SELECT * FROM users WHERE username = ?"  

database.rawQuery(query, arrayOf(userInput)) 
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interception.Recognizing these threats is the first step. The next section will outline the 

actionable strategies and best practices developers must implement to defend their 

applications against these attacks. 

4.0 Defensive strategies and security best practices 

 

This section provides the core actionable guidance for developers aiming to build secure Kotlin 

applications. Achieving robust security is not about a single solution but rather a multi-layered 

approach that integrates secure coding habits, rigorous data protection protocols, and a 

commitment to continuous vigilance. By adopting these principles, developers will significantly 

reduce their application's attack surface. 

 

4.1 Security by design 

Security must be considered a fundamental design requirement rather than an implementation 
detail. Decisions made during architecture and system design have a significantly greater 
impact on application security than individual coding practices. Secure design focuses on 
minimizing attack surfaces, clearly defining trust boundaries, and applying the principle of least 
privilege across all components. 

Applications written in Kotlin benefit from strong type safety and null-safety features; however, 
these language characteristics do not mitigate architectural weaknesses such as missing 
authorization checks, insecure trust assumptions, or improper handling of sensitive data. Secure 
design principles must therefore be applied consistently across client applications, backend 
services, and supporting infrastructure. 

Key secure design principles include: 

 Least privilege and defense in depth 
 Explicit trust boundaries between components 
 Secure defaults and fail-secure behavior 
 Centralized enforcement of security controls 

 

4.2 Secure authentication and authorization design 

Authentication and authorization must be designed as core system capabilities rather than add-
on features. Authentication mechanisms should reliably establish user or service identity, while 
authorization logic must ensure that authenticated entities can only access resources they are 
explicitly permitted to use. 

Design flaws commonly arise when authorization decisions are distributed inconsistently across 
the system or partially implemented on the client side. All authorization checks must be 
enforced on the server side, regardless of client type. Token-based authentication systems such 
as JWTs require careful design to ensure secure storage, validation, expiration, and revocation. 
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A secure design clearly defines: 

 Authentication mechanisms for users and services 
 Authorization rules for each protected resource 
 Token lifecycles, expiration, and renewal policies 
 Separation of authentication and authorization responsibilities 

    

 

 

 

 

 

 

 

   

4.3 Secure data handling and validation 

All external data must be treated as untrusted by default. Secure data handling requires 
consistent validation, sanitization, and encoding across application boundaries. Kotlin’s type 
system reduces certain runtime errors but does not protect against malicious input, injection 
attacks, or business logic abuse. 

Validation must be performed on the server side for all inputs, including parameters received 
from mobile applications, web clients, and internal services. Design should avoid relying on 
client-side validation for security decisions. 

Secure data handling principles include: 

 Input validation based on strict allowlists 
 Output encoding appropriate to the target context 
 Consistent handling of serialization and deserialization 
 Protection against injection and data tampering 

 

4.4 Secure deserialization and data parsing 

Improper deserialization of untrusted data can lead to severe vulnerabilities, including remote 
code execution and data integrity compromise. Secure design limits deserialization to known, 
safe data formats and avoids the use of dynamic or polymorphic deserialization mechanisms 
where possible. 

Applications should validate data structure, size, and type before processing, and reject 
unexpected or malformed input early. Deserialization libraries must be kept up to date, and 
insecure features such as arbitrary object instantiation should be explicitly disabled. 

Example : 

 

 Secure JWT Verification 

   SAFE: Always verify the signature and the Issuer/Audience 

   val verifier = JWT.require(Algorithm.HMAC256(SECRET)) . 

   withIssuer("auth-service").build() 
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4.5 Secure logging, error handling, and monitoring 

Logging and error handling play a critical role in both security and incident response. Secure 
design ensures that logs provide sufficient information for troubleshooting and auditing without 
exposing sensitive data such as credentials, tokens, or personal information. 

Error messages returned to clients must be generic and avoid revealing internal system details. 
Detailed error information should be restricted to secure logs accessible only to authorized 
personnel. Centralized logging and monitoring support early detection of attacks and misuse. 

Secure logging principles include: 

 Avoidance of sensitive data in logs 
 Consistent log formats for security analysis 
 Secure storage and access controls for log data 
 Integration with monitoring and alerting systems 

 

4.6 Security requirements and enforceability 

Secure coding practices must be supported by explicit security requirements that are 
enforceable across the organization. Security requirements define mandatory controls and 
behaviors that must be implemented for all applications and services. 

Enforcement is achieved through a combination of technical controls and organizational 
processes. Automated checks in CI/CD pipelines, static analysis tools, and dependency 
scanners help ensure compliance, while secure code reviews and security approvals provide 
human oversight. 

Without enforceability, secure coding guidance risks being applied inconsistently, leading to 
uneven security posture and increased exposure to vulnerabilities. 

 

4.7 Secure software development lifecycle (SSDLC) integration 

Secure coding and design principles are most effective when integrated into a Secure software 
development lifecycle. Security activities should be mapped to each phase of development to 
ensure early identification and mitigation of risks. 

Typical SSDLC integration includes: 

 Threat modeling during requirements and design 
 Secure coding standards during implementation 
 Automated security testing during build and test 
 Monitoring and patch management during deployment and maintenance 
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This lifecycle-based approach reduces the cost of remediation and improves overall system 
resilience. 

 

4.8 Risk severity assessment and prioritization 

Effective security engineering requires prioritization based on risk. Vulnerabilities should be 
evaluated according to their potential impact, likelihood of exploitation, and exposure scope. Not 
all findings warrant the same urgency, and remediation efforts should focus on issues with the 
highest risk to the system and its users. 

Risk-based prioritization aligns secure coding efforts with business objectives and supports 
informed decision-making. Established frameworks such as OWASP Top 10 provide a useful 
reference for categorizing and prioritizing common vulnerabilities. 

 

4.9 Secure backend and microservice architecture 

In distributed systems, backend services and microservices must be secured independently of 
client applications. Each service represents a distinct trust boundary and must enforce 
authentication and authorization for all incoming requests, including those originating from 
internal systems. 

Secure microservice design includes: 

 Explicit service-to-service authentication 
 Least-privilege access between services 
 Secure secrets management and rotation 
 Centralized monitoring and anomaly detection 

Addressing backend and microservice security ensures that secure coding principles scale 
effectively in modern, cloud-native architectures. 

 

5.0 Special considerations for Android development 

While many security principles are universal, the Android platform has a specific security 

architecture, a unique set of components, and a rich collection of tools that Kotlin developers 

must master. Building a secure Android app requires a deep understanding of its core security 

model and the potential pitfalls associated with its most powerful features. 

5.1 The Android Security Model: Sandbox and Permissions 

Android's security is built on two core concepts that every developer must understand: 

● The Application Sandbox:  Each Android application runs in an isolated sandbox. The 

operating system assigns a unique user ID to each app and runs it in a separate 
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process. This isolates the app's data and code execution from other applications, 

preventing them from accessing each other's private information. 

● The Permission Model:  By default, an app has no permission to perform any 

operations that would adversely affect the user, the system, or other apps. To access 

protected system features (like the camera or contacts) or user data, the app must 

explicitly request permissions, which the user must grant. 

 

5.2 Secure inter-process communication (IPC) 

Android applications communicate with each other and with system services using IPC 

mechanisms like Intent, Service, and BroadcastReceiver. Securing these communication 

channels is critical. A common pitfall is the use of implicit intents to start a Service. This is a 

security hazard because a developer cannot be certain which service will respond to the intent, 

potentially allowing a malicious app to intercept it. To prevent this, developers must  always use 

explicit intents  when starting or binding to a service. Furthermore, application components 

like services and broadcast receivers must be protected from unintended access by other apps. 

This is achieved by setting the android:exported="false" attribute in the application manifest. 

This declaration ensures that the component can only be invoked by other components within 

the same application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 Mitigating high-risk component vulnerabilities 

 

Certain Android components carry a higher inherent security risk if not configured and used with 

extreme care. 

● WebView Security  WebView is a powerful component for displaying web content, but it 

can also be a significant source of vulnerabilities like Cross-Site Scripting (XSS). To 

mitigate these risks, adhere to these strict guidelines: 

● Do not call setJavaScriptEnabled(true) unless it is absolutely necessary for the app's 

core functionality. By default, JavaScript is disabled, which prevents XSS attacks. 

Example: 

 

X Insecure: Implicit Intent 

DANGEROUS: Any app that filters for "ACTION_PAY" can intercept this 

val intent = Intent("com.example.ACTION_PAY") 

context.startService(intent) 

 

 Secure: Explicit Intent 

SAFE: Specifies the exact class that should receive the intent 

val intent = Intent(context, PaymentService::class.java)  
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● Use addJavaScriptInterface() with extreme caution. It creates a bridge between 

JavaScript running in a WebView and native Android code. Only expose this interface to 

web pages where all content is completely trustworthy. 

● For WebView instances that handle sensitive user data, call the clearCache() method to 

delete any locally stored files when the data is no longer needed. 

● Dynamic code loading  Loading code from sources outside of the application's own 

APK file is  strongly discouraged . This practice introduces significant security risks, as 

the dynamically loaded code could be tampered with or replaced by a malicious actor, 

leading to code injection. The code runs with the same security permissions as the 

application itself, making this a highly dangerous attack vector.Mastering these Android-

specific security practices is essential for building applications that are not only 

functional but also resilient against platform-specific threats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4 Runtime security and platform integrity considerations 

Beyond static code security, runtime protections play a critical role in defending Kotlin 
applications against active exploitation. On Android, runtime threats include man-in-the-middle 
attacks, application tampering, and execution on compromised devices. 

Certificate pinning can be employed to ensure that network communication occurs only with 
trusted backend services, reducing the risk of interception even if a certificate authority is 
compromised. Additionally, developers may choose to implement runtime integrity checks to 
detect tampering, debugging, or execution on rooted or emulated devices. While such measures 
are not foolproof, they increase the cost and complexity of attacks. 

For server-side Kotlin applications, runtime isolation through containerization and strict 
environment separation remains essential. Since traditional JVM security mechanisms such as 
the SecurityManager are deprecated, modern deployments must rely on operating system–level 

Example: 

 

X Insecure: Wide Open WebView 

val webView: WebView = findViewById(R.id.webview)  

webView.settings.apply { javaScriptEnabled = true   // Risk of XSS 

allowFileAccess = true                                               // Risk of local file theft  

} 

 

 Secure: Hardened WebView 

val webView: WebView = findViewById(R.id.webview)  

webView.settings.apply { javaScriptEnabled = false      // Disable JS unless strictly required 

allowFileAccess = false                                                  // Block access to the filesystem 

allowContentAccess = false  
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controls, container boundaries, and infrastructure security policies to limit the impact of potential 
compromises. 

 

6.0 Conclusion: Fostering a security-first development culture 

This whitepaper has explored the multifaceted landscape of Kotlin application security, from the 

inherent strengths of the language to the common vulnerabilities that developers must vigilantly 

guard against. The central finding is clear: while Kotlin provides modern language features like 

null safety and immutability that promote safer coding practices, the ultimate responsibility for 

building a secure application rests squarely with the developer. The most secure language in 

the world cannot protect against flawed application logic or insecure design choices.To build 

resilient and trustworthy applications, developers must internalize a core set of best practices. 

This security-first mindset can be summarized in a few critical actions: 

 

● Validate all inputs as if they are hostile. 

● Manage secrets securely by never hard-coding them and using dedicated systems like 

Android Keystore. 

● Encrypt all sensitive data , both in transit over networks and at rest on the device. 

● Maintain up-to-date dependencies  by consistently updating the Kotlin version and all 

third-party libraries. By embedding these principles as foundational pillars of the 

development process, developers will build applications that are not merely functional, 

but demonstrably resilient and worthy of user trust. 

 

 

Appendix A – Secure coding and design checklist 

 

A.1 Architecture and design 

 

 Security requirements are defined and documented 

 Threat modeling performed during design phase 

 Trust boundaries are explicitly identified  

 Least privilege applied across all components  

 Secure defaults enforced for configurations  

 Fail-secure behavior defined for error conditions 

 

A.2 Authentication 

 

 Strong authentication mechanism implemented  

 Passwords stored using modern hashing algorithms  

 Multi-factor authentication supported where applicable  

 Authentication tokens have defined lifetimes  

 Token expiration and revocation handled correctly  

 Authentication logic enforced on the server side 
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A.3 Authorization and access control 

 

 Authorization checks applied to all protected resources  

 Insecure Direct Object Reference (IDOR) risks addressed  

 Authorization logic centralized and consistent  

 Client-side authorization not treated as a security boundary  

 Role and permission models clearly defined  

 

A.4 Input validation and injection protection 

 

 All external input treated as untrusted  

 Server-side input validation enforced  

 Allow list-based validation used where possible  

 Protection against SQL, command, and script injection  

 Output encoding applied based on context 

 

A.5 Serialization and data parsing 

 

 Deserialization limited to known, safe formats  

 Dynamic or polymorphic deserialization avoided  

 Input size and structure validated before parsing  

 Third-party parsing libraries kept up to date  

 Unsafe deserialization features disabled 

 

A.6 Secrets and sensitive data handling 

 

 Secrets never hardcoded in source code  

 Secure storage used for credentials and tokens  

 Encryption applied to sensitive data at rest  

 Sensitive data minimized and lifecycle managed  

 Secrets rotated regularly 

 

A.7 Logging, error handling, and monitoring 

 

 Sensitive data excluded from logs  

 Error messages do not expose internal details  

 Logs protected with access controls  

 Centralized logging implemented  

 Security events monitored and alerted 

 

A.8 Dependency and supply chain security 

 

 Third-party dependencies inventoried  
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 Dependency vulnerability scanning enabled  

 Outdated or vulnerable libraries removed  

 Integrity of dependencies verified  

 Build process protected from tampering 

 

A.9 CI/CD and enforcement controls 

 

 Static application security testing (SAST) enabled  

 Dependency scanning integrated into CI/CD  

 Security checks fail builds on critical findings  

 Secure code review process enforced  

 Security approval required for production releases 

 

A.10 Backend and microservice security 

 

 Service-to-service authentication implemented  

 APIs protected with strong access controls  

 Network location not trusted as an authorization factor  

 Secrets securely managed in backend services  

 Inter-service traffic monitored and logged 

 

A.11 Risk assessment and remediation 

 

 Vulnerabilities assessed based on risk severity  

 High-risk issues prioritized for remediation  

 Risk acceptance documented where applicable  

 Remediation actions tracked and verified  

 Regular security reviews scheduled 

 

A.12 Secure software development lifecycle (SSDLC) 

 

 Security integrated into all SDLC phases  

 Threat modeling performed regularly  

 Security testing conducted before release  

 Production monitoring and incident response defined  

 Continuous improvement of security controls 

 

 

 

 

 

Kotlin Application Security — Technical Whitepaper      © 2026 Zoran Kočović. | For educational purposes 


