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ABSTRACT

This white paper addresses the Secret Zero problem in cloud-native applications with an emphasis on solutions
using Secret Manager Solutions like HashiCorp Vault, particularly in cloud-native environments like Pivotal
Cloud Foundry (PCF) and Pivotal Container Service (PKS). It explores the integration with CF Auth and
Kubernetes Auth and provides guidance for on-premise deployments.
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INTRODUCTION
The Secret Zero problem in cloud-native applications refers to the challenge of securely distributing the very first
secret (like credentials, API keys, tokens, etc.) to an application or service without compromising its security. The
term "Secret Zero" implies that this is the initial secret needed to bootstrap further secret management or access.

BACKGROUND
A. Origins and Evolution of Secret Zero
The concept of Secret Zero originated from the need to securely bootstrap authentication and authorization
mechanisms in any IT system. Initially, this challenge was relatively contained within the perimeter of on-premise
data centers where access to the initial secrets could be tightly controlled physically and logically. However, as
organizations moved towards cloud-based and distributed architectures, the management of Secret Zero became
more complex and fraught with security risks.
In the early days of cloud computing, manual processes often managed the deployment of initial secrets, but this
approach was neither scalable nor secure as deployments grew in size and frequency. The advent of automation and
orchestration tools brought efficiency and scale to deployments but also introduced new vulnerabilities, especially if
initial secrets were mishandled, hardcoded, or inadequately protected.
B. Implications in Cloud-Native Applications
In cloud-native environments, where applications are decomposed into microservices and deployed across
potentially ephemeral infrastructure, the management of Secret Zero has crucial security implications. Each instance
of a service or application might require access to secrets for accessing databases, APIs, or other services,
multiplying the instances where Secret Zero must be securely managed.
The dynamic nature of cloud-native environments complicates the secure injection and rotation of these secrets.
Mismanagement can lead to several issues:
a) Exposure of Sensitive Information: If the Secret Zero is compromised, attackers can gain unauthorized access
to critical systems and data.
b) Scaling and Operational Challenges: Hardcoded or static secrets do not scale well in dynamic environments,
leading to operational bottlenecks.
c) Compliance Violations: Regulatory frameworks often have strict requirements for secret management, and
failures here can result in legal and financial penalties.
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C. Technological and Organizational Challenges

The management of Secret Zero is not just a technological problem but also an organizational one. Technologies
exist to manage secrets securely, but organizational practices, culture, and compliance standards also play a
significant role. In many cases, the breakdown occurs not due to the failure of technology but because of
misalignment between technology and business practices or inadequate training and awareness among personnel.
Moreover, as technology landscapes evolve, so too do the tools and practices for managing Secret Zero.
Organizations must continuously update their strategies to include:

a) Integration with lIdentity Providers: Leveraging identity as a means of securing and managing access to
secrets.

b) Automation of Secret Distribution and Rotation: Ensuring that secrets are dynamically managed and rotated
without manual intervention.

c) Use of Secure Enclaves: Utilizing hardware security modules (HSMs) or trusted platform modules (TPMs) to
physically secure the initial secrets.

SOLUTION
To integrate HashiCorp Vault as a solution for managing secrets and addressing the Secret Zero problem in cloud-
native applications, particularly in environments like Pivotal Cloud Foundry (PCF) and Pivotal Container Service
(PKYS), the following solutions help the teams:
A. Integration of HashiCorp Vault with Pivotal Cloud Foundry (PCF)
1. Vault Integration with PCF:
« Service Broker Integration: Deploying the HashiCorp Vault Service Broker in PCF to allow applications to
retrieve secrets stored in Vault dynamically, ensuring that applications can securely access secrets without
embedding them in the application code.
» Environment Variable Injection: Configuring PCF applications to pull secrets from Vault at runtime, typically
through environment variables, ensuring that Secret Zero is not hardcoded or exposed in the configuration.
* Dynamic Secrets Management: Utilizing Vault’s dynamic secret generation to create short-lived credentials for
databases, APlIs, or cloud services, reducing the risk of long-term secret exposure.
» Case Study: Implementing HashiCorp Vault in a PCF environment for secure secret distribution and dynamic
credential management in a financial services application.
2. Automated Secret Rotation with Vault in PCF:
* Rotating Secrets Automatically: How Vault can automate the rotation of secrets used by PCF applications,
ensuring that credentials are regularly rotated without manual intervention.
B. Integration of HashiCorp Vault with Pivotal Container Service (PKS)
1. Vault Integration with PKS (VMware Tanzu Kubernetes Grid Integrated Edition):
» Kubernetes Secrets and Vault: Using HashiCorp Vault with Kubernetes (as used in PKS) to manage secrets
securely, with Kubernetes Secrets pulling values dynamically from Vault.
* Vault Agent and Sidecar Containers: Implementing the Vault Agent Injector as a sidecar container in PKS-
managed Kubernetes pods to automatically authenticate with Vault and retrieve secrets, ensuring the main
application containers remain decoupled from secret management.
* Dynamic Secret Management in Kubernetes: Utilizing Vault’s ability to generate dynamic secrets, such as
database credentials or cloud service keys, specifically for containers orchestrated by PKS.
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» Case Study: Deploying HashiCorp Vault in a PKS environment to manage secrets across a multi-cloud
deployment, ensuring that secrets are securely distributed and rotated.

2. Implementing Zero-Trust Security with Vault in PKS:

e Zero-Trust and Dynamic Secrets: Using Vault to enforce a zero-trust architecture in PKS environments, where
all services must authenticate with Vault to obtain secrets dynamically, ensuring no trust is implied based on
network location alone.

* Vault Policies and RBAC: Leveraging Vault’s policy framework to define granular access controls that are
enforced within Kubernetes clusters managed by PKS, aligning with Kubernetes RBAC policies.

e Case Study: Implementing a zero-trust security model in a PKS-managed Kubernetes environment using
HashiCorp Vault to control and audit all access to sensitive information.

C. Best Practices for Using HashiCorp Vault with PCF and PKS

Unified Secret Management Strategy:

* Consistency Across Environments: Strategies for creating a unified secret management approach using Vault
across both PCF and PKS, ensuring consistent security policies and practices across different platforms.

* Centralized Access Control and Auditing: Implementing centralized access control, logging, and monitoring
using HashiCorp Vault’s built-in capabilities, ensuring that all secret-related activities in PCF and PKS
environments are secure and auditable.

e Compliance and Governance: Ensuring compliance with industry regulations by using Vault’s robust audit
logging and access control features, particularly in regulated industries like finance and healthcare.

D. Developer Guidelines:

« Secure Coding Practices: Best practices for developers in PCF and PKS environments when integrating Vault,
such as avoiding hardcoding secrets and using Vault’s API for secure secret retrieval.

 Operational Considerations: Recommendations for operational teams managing Vault in conjunction with PCF
and PKS, including considerations for scalability, high availability, and disaster recovery.

BEST PRACTICES
A. Security and Compliance in On-Premise Environments:
* Regulatory Compliance: Ensuring that on-premise secret management practices meet industry regulations and
standards, particularly in highly regulated sectors like finance, healthcare, and government.
 Audit and Monitoring: Implementing robust audit logging and real-time monitoring of secret-related activities in
on-premise environments, ensuring compliance and detecting potential security incidents.
B. Disaster Recovery and Business Continuity:
e Backup and Restore: Best practices for securely backing up HashiCorp Vault data in an on-premise
environment, ensuring that secrets can be restored in case of a disaster.
» High Availability: Strategies for deploying Vault in a high-availability configuration within on-premise data
centers, ensuring that secret management services remain available even during infrastructure failures.
C. Unified Secret Management Across On-Premise and Cloud:
» Hybrid Deployment Considerations: Best practices for managing secrets across a hybrid environment where
some components are on-premise and others are in the cloud, ensuring consistent security practices across the entire
deployment.
* Integration with Existing Security Tools: Leveraging existing on-premise security tools, such as firewalls and
intrusion detection systems (IDS), to enhance the security of secret management solutions like HashiCorp Vault.
D. Developer and Operations Team Guidelines:
* Secure Development Practices: Guidelines for developers working in on-premise environments, focusing on
avoiding hardcoded secrets and using Vault’s API for secure secret retrieval.
 Operational Considerations: Recommendations for operational teams managing on-premise Vault deployments,
including considerations for hardware, network security, and ongoing maintenance.

CONCLUSION

The management of Secret Zero is a fundamental challenge in the deployment and operation of secure cloud-native
applications. As these applications increasingly move towards distributed architectures and dynamic orchestration,
the importance of robust secret management strategies becomes paramount. In addressing the Secret Zero problem,
organizations not only safeguard their foundational security practices but also bolster their overall defense against
potential breaches and compliance issues.

Throughout this white paper, we have explored the utility of HashiCorp Vault as a comprehensive solution for
managing secrets in environments leveraging Pivotal Cloud Foundry (PCF) and Pivotal Container Service (PKS).
Vault's capabilities in dynamic secret generation, centralized encryption, and strict access controls provide a robust
framework for securing sensitive data and credentials across diverse cloud-native and on-premise environments.
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A. Summary of Key Strategies

1. Dynamic Secrets and Tight Access Controls: Utilizing Vault's dynamic secrets and leasing features minimizes
the lifetime exposure of sensitive information, thereby reducing the attack surface area.

2. Integration with Identity Providers: Leveraging integrated authentication mechanisms enhances security and
simplifies the management overhead associated with secret distribution and rotation.

3. Comprehensive Audit Trails: Vault’s detailed logging capabilities ensure that all secret accesses are recorded,
providing invaluable data for security audits and compliance reporting.

4. Scalable and Resilient Architecture: Implementing Vault in a highly available configuration ensures that secret
management processes remain robust and uninterrupted, even under failure conditions.

B. Future Directions in Secret Management

Looking ahead, the evolution of secret management is likely to be influenced by advances in machine learning,
artificial intelligence, and blockchain technologies. These could further enhance the automation of security policies,
the detection of anomalous access patterns, and the decentralization of secret storage. As these technologies mature,
they will offer new opportunities and challenges in the secure management of secrets at scale.
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