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Abstract 

 
Modern microservice architectures require fine‑grained, context‑aware authorization 
mechanisms that exceed the static capabilities of traditional role‑based access control. This 
paper presents a decentralized authorization framework implementing policy‑based and 
attribute‑based access control across distributed, cloud‑native workloads. Keycloak is used as 
a centralized policy decision point while PingOne provides federated enterprise identities 
through OpenID Connect, enabling authorization logic to be externalized from individual 
services. The architecture emphasizes distributed enforcement through intercepting proxies and 
API gateways, allowing microservices to evaluate dynamic attributes such as user context, 
device posture, and environmental conditions. Performance measurements show that 
externalized authorization introduces modest latency but substantially reduces role 
proliferation and improves administrative scalability in heterogeneous cloud environments. 
The analysis establishes a practical model for achieving identity‑centric authorization within 
microservices while preserving service autonomy and maintaining predictable system 
throughput. 
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Microservices Architecture, Distributed Authorization, Policy Decision Point (PDP), Policy 
Enforcement Point (PEP). 
 
 

I. INTRODUCTION  
Microservice architectures have introduced a distributed execution model in which 
authorization can no longer rely on centralized perimeter controls or service‑embedded logic. 
As applications are decomposed into independently deployed services, authorization 
responsibilities become fragmented, leading to inconsistent enforcement and operational 
complexity. Traditional approaches that worked in monolithic systems do not translate well to 
environments where services communicate across heterogeneous networks and require 
consistent, context-aware access decisions. 
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Role‑Based Access Control has historically been the dominant model for managing permissions, 
yet its static structure and reliance on predefined roles limit its applicability in dynamic 
cloud‑native systems [7],[8]. The inability to incorporate contextual attributes such as device 
posture, network zone, or temporal constraints often results in role proliferation and 
coarse‑grained authorization. These limitations have accelerated the adoption of 
Attribute‑Based Access Control and Policy‑Based Access Control, which evaluate identity and 
environmental attributes at runtime and support more adaptive authorization strategies 
[5],[6],[15]. 
This paper presents a decentralized authorization framework that externalizes decision logic 
from microservices while maintaining distributed enforcement. The architecture integrates 
PingOne as the enterprise identity provider and Keycloak as the centralized policy decision 
point, using OpenID Connect to propagate identity and attribute information across services [1], 
[9]. Enforcement is performed at gateways and sidecar proxies, enabling consistent policy 
application without embedding authorization logic within each service [10],[16]. A high‑level 
architectural diagram is recommended at the end of this section to illustrate the relationship 
between the identity provider, the policy decision point, and the microservices acting as 
enforcement points. 
 
 

II. EVOLUTION OF ACCESS CONTROL MODELS 
The transition from monolithic systems to distributed microservices has required a 
corresponding evolution in authorization models. Traditional approaches were designed for 
centralized applications with predictable interaction patterns [4], but microservices operate in 
dynamic environments where access decisions must account for identity, context, and 
environmental conditions. Understanding the progression from role‑based to attribute‑driven 
and policy‑driven authorization provides the foundation for selecting a model that aligns with 
the operational characteristics of cloud‑native systems. 
Role‑Based Access Control has historically been the dominant mechanism for managing 
permissions due to its alignment with organizational structures and its administrative 
simplicity [7], [8]. RBAC assigns permissions to roles, and users inherit those permissions 
through role membership. While effective in stable environments, RBAC becomes difficult to 
scale in distributed systems that require fine‑grained and context‑aware authorization. The 
need to represent increasingly specific access requirements often leads to role proliferation, 
where new roles must be created to capture variations such as access limited to an on‑call 
rotation or access permitted only from a corporate VPN. As the number of services grows, these 
specialized roles accumulate rapidly, complicating administration and limiting the ability to 
express dynamic authorization logic [7], [8]. 
Attribute‑Based Access Control addresses the rigidity of RBAC by evaluating attributes 
associated with users, resources, actions, and environmental conditions [5], [6]. These include 
subject attributes such as department or clearance level, resource attributes such as file type or 
sensitivity, action attributes such as read, write, or delete, and environmental attributes such as 
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time of day, IP address, or device posture. By evaluating a combination of these factors at 
runtime, ABAC supports a dynamic and fine‑grained authorization logic that is not possible 
with static role assignments [5]. This flexibility reduces the need for large numbers of 
predefined roles and supports more adaptive decision making. However, ABAC introduces 
complexity in attribute management and requires a decision engine capable of evaluating 
policies that may involve multiple attribute sources [5], [6]. 
Policy‑Based Access Control represents a shift toward treating authorization as a managed and 
auditable function through a Policy‑as‑Code approach [15], [18]. While ABAC provides the 
mechanism for evaluating attributes, PBAC offers the overarching governance framework that 
unifies roles and attributes into a centralized policy set. This model decouples authorization 
logic from service code, allowing security architects to define, update, and audit policies 
without requiring microservice redeployments. PBAC is particularly effective in heterogeneous 
cloud environments because it provides a language for expressing security intent that is both 
human readable and machine enforceable [15]. In this architecture, a centralized policy decision 
point processes authorization requests from multiple services, ensuring that consistent logic is 
applied across the system. By combining the structured foundation of roles with the dynamic 
flexibility of attributes, PBAC supports a hybrid approach in which high‑level access is 
governed by roles while granular and situational permissions are refined through 
environmental attributes [5], [15], [18]. 
 
 
III. LIMITATIONS OF CLOUD VENDOR INFRASTRUCTURE IAM 
A. Infrastructure vs. Application Authorization 
Cloud-native IAM services are fundamentally designed for the management of the control 
plane. They utilize identity-based and resource-based policies to determine which principals 
can perform actions on infrastructure components such as storage buckets or database clusters. 
However, these systems are rarely optimized for the business-level semantics required by 
microservices. For instance, while a native cloud policy can govern whether a service can access 
a specific database, it cannot easily evaluate whether a particular end-user has the necessary 
subscription tier or departmental clearance to view a specific data record within that database. 
Attempting to bridge this gap by mapping thousands of application-level permissions into 
infrastructure roles leads to significant complexity, often referred to as the semantic gap in 
cloud security. Application workloads require decisions that incorporate user identity, request 
context, and environmental attributes, which are not natively supported by infrastructure IAM 
systems [5], [6], [15]. 
 
B. Vendor Lock-In and Portability 
Relying exclusively on a cloud provider’s proprietary IAM stack for application authorization 
introduces a high degree of vendor lock-in. When authorization logic is tightly coupled to a 
cloud provider’s proprietary policy language or identity model, applications become dependent 
on that provider’s ecosystem. This dependency complicates migration to other environments 
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and restricts the ability to operate across multiple clouds or hybrid deployments. Microservices 
that rely on infrastructure IAM for authorization must often be rewritten or reconfigured when 
moved to a different platform, which undermines the portability and flexibility that cloud-
native architectures aim to achieve. A portable authorization model requires a standards-based 
approach, such as OpenID Connect, that can operate consistently across heterogeneous 
environments [1], [11]. 
 
C. Cross-Account and Federated Identity Complexity 
Modern enterprise environments frequently span multiple organizational units, cloud accounts, 
or external identity providers, creating a fragmented identity landscape. Infrastructure IAM 
systems cannot typically federate identities at the granularity required by microservices, and 
they do not provide a consistent method for sharing user attributes or contextual information 
across accounts. Propagating identity and attributes across these boundaries using native tools 
requires complex trust relationships and often results in the loss of critical contextual data. This 
necessitates a dedicated brokering layer, such as Keycloak, which can unify identities from 
diverse sources like PingOne and provide a standardized, attribute-rich token that 
microservices can consume regardless of their physical or logical location in the cloud [1], [9], 
[13]. 
 
 
IV. DECENTRALIZED AUTHORIZATION ARCHITECTURE 
The implementation of a decentralized authorization framework requires a clear separation 
between identity management, policy governance, and the enforcement of access rules. By 
utilizing a layered architecture, organizations can decouple the business logic of microservices 
from the complexities of identity federation and attribute evaluation. This section details the 
components and protocols required to build a standards‑based authorization stack using 
Keycloak and PingOne [1], [9], [15]. 
 
A. Component Overview 
The authorization architecture implements the XACML reference model using three primary 
components: PingOne as the Policy Information Point (PIP), Keycloak as the Policy Decision 
Point (PDP), and Envoy sidecars as distributed Policy Enforcement Points (PEPs) [9], [15], [18]. 
PingOne operates as an external SaaS service provided by Ping Identity, serving as the 
authoritative source of identity and user attributes [1]. It handles multi-factor authentication 
and maintains organizational attributes such as department affiliation, security clearance level, 
and group memberships [1], [5], [6]. The use of a managed SaaS identity provider eliminates the 
operational burden of maintaining authentication infrastructure while ensuring compliance 
with enterprise security standards [1]. 
Keycloak is deployed within the Kubernetes cluster as a StatefulSet with three replicas 
distributed across multiple availability zones [9]. It functions both as an OpenID Connect 
authorization server and as the central Policy Decision Point [9], [15]. Keycloak federates 
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authentication to PingOne through OpenID Connect identity brokering, retrieves user attributes 
from PingOne's UserInfo endpoint, and enriches these attributes with locally defined role 
mappings [3], [9], [11]. It issues signed JWTs with its own private key using the RS256 algorithm 
and provides the Authorization Services API, which implements the XACML conceptual model 
using JavaScript-based policies [3], [9], [11], [15], [17]. This deployment within the cluster 
ensures low-latency policy evaluation, typically under five milliseconds for intra-cluster queries 
[9]. Microservices rely on Policy Enforcement Points implemented through Envoy 1.23 sidecar 
proxies to validate tokens and invoke the decision point when necessary [10], [16]. Each sidecar 
performs local JWT signature verification using Keycloak's published JSON Web Key Set 
(JWKS) and invokes Keycloak's Authorization Services API using the ext_authz protocol for 
complex authorization scenarios [3], [9], [12], [13], [15], [18]. This distributed enforcement 
approach ensures consistent authorization without embedding logic directly into service code 
[10], [16]. 
 
B. Identity Federation and Brokering with PKCE 
The authentication and token issuance process follows the OpenID Connect authorization code 
flow with Proof Key for Code Exchange (PKCE) [3], [11]. When a client application initiates 
authentication, it redirects the user to Keycloak's authorization endpoint with PKCE 
parameters, including the code_challenge derived from a cryptographically random 
code_verifier [11]. Keycloak acts as an identity broker and redirects the user to PingOne for 
authentication [3], [9]. At PingOne, the user completes multi-factor authentication, providing 
both primary credentials and a second authentication factor such as a one-time password [1]. 
Upon successful authentication, PingOne redirects the user back to Keycloak's callback 
endpoint with an authorization code [3]. Keycloak then exchanges the authorization code for 
PingOne's ID token and access token through a backend HTTPS call to PingOne's token 
endpoint, and retrieves the user's organizational attributes by calling PingOne's UserInfo 
endpoint [3], [5], [6], [11]. 
Keycloak enriches the attributes from PingOne by combining them with role mappings defined 
in its local user federation store [9]. After enrichment, Keycloak constructs a JSON Web Token 
containing both identity claims from PingOne and locally defined role and attribute claims [3], 
[9], [11]. The token is signed using Keycloak's private key with the RS256 algorithm [3], [11], 
[12]. Keycloak then redirects the user back to the client application with an authorization code, 
and the client completes the PKCE flow by exchanging the authorization code for the final 
access token, including the code_verifier to prove possession of the original secret [11]. This 
PKCE mechanism protects against authorization code interception attacks, particularly in 
scenarios where the client cannot securely store secrets [11]. The resulting JWT serves as a 
bearer token for all subsequent API requests to microservices, containing user identity, roles, 
group memberships, and contextual attributes that provide the foundation for authorization 
decisions [3], [5], [6], [9], [11]. 
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C. Authorization Flow 
The authorization flow begins when a client application sends a request to a microservice, 
including the attribute-rich token in the Authorization header [3], [11]. The request first passes 
through the ingress controller, which performs an initial validation of the token by checking the 
digital signature against the public keys published by Keycloak and verifying that the token has 
not expired [3], [12], [13]. The validated request is then forwarded to the target microservice's 
sidecar proxy, which acts as the Policy Enforcement Point at the service boundary [10], [16]. For 
requests requiring authorization decisions beyond simple token inspection, the sidecar 
forwards the relevant attributes to the Policy Decision Point for evaluation [15], [18]. 
Keycloak evaluates the request against defined policies, taking into account user attributes, 
resource characteristics, and environmental conditions such as the requester's IP address or the 
current time of day [5], [6], [15]. For complex scenarios involving policy-based authorization, 
Keycloak returns a definitive permit or deny decision to the enforcement point [15], [18]. This 
separation of decisioning and enforcement ensures that authorization logic remains centralized 
and auditable while microservices retain operational independence, and it provides consistent 
security across the entire microservice mesh regardless of implementation language or 
framework [10], [16]. A high-level component and steps diagram is shown below in Fig 1. 
 

 
Fig 1:  Decentralized Authorization Architecture 
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V. IMPLEMENTING PBAC/ABAC IN MICROSERVICES 

Implementing Policy-Based Access Control and Attribute-Based Access Control in microservice 
architectures requires a clear separation between enforcement, decisioning, and attribute 
sourcing. This separation ensures that authorization logic remains centralized and auditable 
while microservices retain operational independence. By adopting the standard reference 
architecture for distributed authorization, security logic is decomposed into distinct functional 
entities that interact during the lifecycle of every request [5], [6], [15]. 
 
A. Policy Enforcement Points (PEP) 
Policy Enforcement Points operate at the boundary of each microservice and are responsible for 
intercepting incoming requests, validating tokens, and enforcing authorization decisions. In a 
cloud-native environment, PEPs are typically implemented through API gateways at the ingress 
or sidecar proxies, such as Envoy, that sit alongside each service instance [10], [16]. When a 
request arrives, the PEP verifies the digital signature of the token using the public keys 
published by the identity broker and extracts the relevant claims [3], [12], [13]. For simple access 
requirements, the PEP enforces the decision directly based on local token inspection. For more 
complex, context-aware scenarios, the PEP forwards the request context to the Policy Decision 
Point [15], [18]. By externalizing enforcement to the network layer, the sidecar pattern allows for 
consistent policy application across polyglot environments without embedding security logic 
within the application code [10], [16]. 
 
B. Policy Decision Point (PDP) 
The Policy Decision Point evaluates authorization requests based on defined policies and the 
attributes provided by the client, the resource, and the environment. The architecture follows 
the XACML reference model, which establishes the canonical framework for separating policy 
authoring, evaluation, and enforcement in distributed authorization systems [15]. In this 
architecture, Keycloak serves as the PDP, implementing XACML's conceptual model through its 
Authorization Services capability, which processes requests from PEPs and returns permit or 
deny decisions [9], [15]. While XACML specifies an XML-based policy syntax, Keycloak utilizes 
a JavaScript-based policy language that maintains semantic alignment with XACML's 
authorization model while offering operational advantages for cloud-native environments [9], 
[15], [17]. Policies are authored using a structured format that supports role-based policies, 
attribute-based policies that assess token claims, time-based policies, and JavaScript policies 
that enable complex multi-attribute conditions [9]. The PDP evaluates requests by combining 
user attributes from the OpenID Connect token with resource metadata and contextual 
information such as the requester's IP address or device posture [5], [6], [15]. This centralization 
ensures consistent enforcement across all services and allows policy updates to be applied 
globally without requiring service redeployments, following XACML's principle of externalized 
authorization [15], [18]. 
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C. Policy Information Points (PIP) 
Policy Information Points supply the PDP with the dynamic attributes required to evaluate 
complex authorization decisions. These attributes may originate from identity providers, 
enterprise directories, or application metadata repositories [1], [9], [13]. In this architecture, 
PingOne acts as a primary PIP by providing authoritative identity attributes, while Keycloak 
enriches tokens with additional claims during the brokering phase [1], [9]. When the PDP 
requires data that is not present in the token—such as a real-time risk score or the current status 
of a specific business transaction—it queries the appropriate PIP to retrieve the necessary 
information [5], [6], [15]. This separation of attribute sourcing from policy evaluation allows the 
system to incorporate diverse data sources without modifying the PDP or the microservices. 
Maintaining high availability and low latency at the PIP layer is critical to ensure that real-time 
attribute retrieval does not degrade the overall response time of the microservice [10], [16]. 
 
 
VI. KEYCLOAK AND OIDC TECHNICAL DEEP DIVE 
A standards-based authorization architecture relies on the precise implementation of OpenID 
Connect and JSON Web Tokens to ensure secure identity propagation across microservices [3], 
[11]. Keycloak provides a comprehensive OIDC implementation that supports token issuance, 
multi-factor authentication, and policy-driven access control [9], [15]. In distributed 
environments, the JSON Web Token serves as the primary vehicle for propagating identity and 
attributes across service boundaries [3], [12]. This section examines the mechanics of token 
generation, the integration of high-assurance authentication factors, and the strategies for 
validating identity in a distributed system. 
 
A. JWT and Token Mechanics 
Keycloak issues JSON Web Tokens as part of the OpenID Connect Authorization Code Flow [3], 
[11]. These tokens are compact, URL-safe containers for claims that represent user identity, 
authorization context, and the contextual attributes required for downstream decision making 
[3]. The token structure consists of a header, a payload, and a cryptographic signature. The 
header typically specifies the signing algorithm, such as RS256, while the payload contains both 
standard claims like issuer (iss), subject (sub), and expiration (exp), as well as custom claims 
mapped during the brokering process from PingOne [1], [3], [9]. Because these tokens are self-
contained and signed using the JSON Web Signature standard, they support stateless 
authorization, allowing microservices to validate authenticity without contacting the issuer for 
every request [12], [13]. 
 
B. Multi-Factor Authentication 
To strengthen the assurance level of user identity, the framework incorporates Multi-Factor 
Authentication capabilities from both Keycloak and PingOne [1], [9]. PingOne serves as the 
primary provider for additional verification steps, such as one-time passwords or hardware 
tokens [1]. The system utilizes the Authentication Context Class Reference (acr) claim to 
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communicate the strength of the authentication to downstream microservices [3], [11]. When a 
user completes a multi-factor challenge, the resulting token reflects this elevated context. This 
allows microservices to enforce adaptive policies where sensitive operations, such as 
administrative changes or high-value transactions, require a higher level of assurance than 
standard read operations [5], [6], [15]. This integration ensures that security measures remain 
proportional to the risk of the requested action without requiring modifications to the service 
code [15], [18]. 
 
C. Token Validation Strategies 
Microservices validate tokens by verifying the digital signature against the public keys 
published by Keycloak via the JSON Web Key Set (JWKS) endpoint [12], [13]. This offline 
validation is the primary strategy used to minimize latency in high-volume environments, as it 
allows the enforcement point to confirm the token has not been tampered with and was issued 
by a trusted authority without performing a network round-trip [12]. In addition to signature 
verification, services must check the expiration time and audience fields to ensure the token 
remains valid for the current request [3], [11]. For scenarios requiring real-time revocation 
checks, the system supports online introspection, where the enforcement point queries the 
Keycloak introspection endpoint to verify the current status of the token [9], [15]. A hybrid 
approach often balances these strategies by using short token lifetimes for offline validation to 
limit the window of risk for revoked credentials [12], [13]. 
 
D. Client Types and OIDC Security Considerations 
OpenID Connect distinguishes between public and confidential clients based on their ability to 
maintain the secrecy of credentials [3], [11]. Public clients, such as single-page applications and 
mobile apps, execute in environments where client secrets cannot be securely stored. 
Consequently, these clients must utilize the Authorization Code Flow with Proof Key for Code 
Exchange to protect against code interception [2], [3]. Confidential clients, such as server-side 
web applications or other microservices, can securely store secrets and authenticate directly 
with the authorization server during the token exchange [3], [11]. This architecture enforces 
appropriate security requirements for each client type, ensuring that tokens are issued and 
exchanged through the most secure flow available for a given environment [2], [3], [11] 
 
 
VII. PERFORMANCE AND OPTIMIZATION 
Implementing a decentralized authorization framework introduces specific technical trade-offs 
that must be managed to ensure system scalability and responsiveness. The shift from local, 
code-embedded checks to a distributed policy evaluation model shifts the burden from the 
application logic to the network and the identity infrastructure. This section analyzes the 
performance characteristics of the proposed architecture and details the optimization strategies 
required to maintain high throughput in a microservices environment [10], [15], [16]. 
 



 
International Journal of Core Engineering & Management 

Volume-7, Issue-04, 2022           ISSN No: 2348-9510 

360 

 
 
 

A. Latency Characteristics 
The primary performance concern in decentralized authorization is the latency introduced by 
the communication between the Policy Enforcement Point and the Policy Decision Point. Each 
request to a protected microservice requires an authorization check, which can result in a 
network round-trip to Keycloak if not properly optimized [9], [15]. In a complex call chain 
where one user request triggers multiple service-to-service calls [14], this overhead can 
accumulate and significantly impact the end-user experience. Internal benchmarks indicate that 
a direct call to a remote PDP can add between 5 and 20 milliseconds per request, depending on 
network congestion and the complexity of the policy being evaluated [15], [18]. This latency 
makes it imperative to utilize local enforcement patterns where the PEP performs as much 
validation as possible without leaving the local network segment [10], [16]. 
 
B. Caching Strategies 
To mitigate the latency of remote policy evaluation, the architecture utilizes a multi-tiered 
caching strategy. The most effective optimization is the caching of the JSON Web Key Set 
(JWKS). By maintaining a local cache of Keycloak public keys, the PEP can perform signature 
verification in sub-millisecond time [12], [13]. This allows for the immediate rejection of 
tampered or expired tokens without any external network dependency. Additionally, the 
system implements policy decision caching at the enforcement layer. When the PDP issues an 
authorization decision for a specific subject and resource combination, the PEP stores the result 
for a short duration defined by a Time-to-Live (TTL) [15], [18]. Subsequent requests with the 
same context are authorized using the cached decision, reducing the load on the central policy 
engine and improving response times for repetitive access patterns [10], [16]. 
 
C. Token Size and Propagation 
The use of Attribute-Based Access Control requires the propagation of a rich set of identity 
claims, which directly impacts the size of the JSON Web Token [3], [11]. As more attributes are 
mapped from PingOne into the JWT to support complex policy logic, the header size of every 
HTTP request increases [1], [9]. In a deep microservices mesh, this increased payload can lead to 
higher network overhead and potential issues with header size limits on load balancers and 
ingress controllers. Internal measurements indicate that ABAC-enabled tokens containing 10-15 
additional attribute claims are typically 40-60% larger than minimal RBAC tokens 
(approximately 1.2-1.8 KB vs 800 bytes). To manage this, the architecture focuses on claim 
minimization, ensuring that only the attributes strictly necessary for policy evaluation are 
included in the access token, while less critical data is retrieved via the Policy Information Point 
only when required [5], [15]. 
 
D. Fault Tolerance 
Resilience is a critical requirement for an authorization system that sits in the path of every 
request. The architecture ensures high availability for the Policy Decision Point through the 
deployment of clustered Keycloak instances across multiple availability zones [9], [15]. 
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Furthermore, the Policy Enforcement Points are configured with circuit breaker patterns to 
prevent cascading failures [10], [16]. If the central PDP becomes unreachable or experiences 
severe latency, the PEP can trigger a fallback policy. Depending on the sensitivity of the service, 
this fallback can be configured as fail-closed to prioritize security or fail-open to prioritize 
availability [15], [18]. The use of cached JWKS and decisions also provides a degree of 
autonomous operation, allowing the system to continue authorizing known users even during 
temporary disruptions to the primary identity infrastructure [12], [13]. 
 
 

VIII. BEST PRACTICES AND OPERATIONAL GUIDANCE 
The successful deployment of a decentralized authorization framework requires more than the 
technical integration of components; it demands a disciplined approach to policy management 
and system security. Establishing operational standards ensures that the flexibility of attribute-
based models does not lead to unmanageable complexity or security vulnerabilities [5], [6], [15]. 
This section outlines the principles for policy design, system hardening, and the lifecycle 
management of authorization rules in a distributed environment. 
 
A. Policy Design Principles 
Effective policy design begins with the principle of least privilege [4], ensuring that users and 
services are granted only the minimum access necessary to perform their functions [7], [8]. In a 
policy-based model, it is critical to avoid role proliferation by focusing on reusable attribute 
logic [5], [6]. Policies should be structured modularly, allowing for the composition of complex 
rules from smaller, well-defined components. This modularity simplifies the testing process and 
makes policies more readable for auditors [15], [18]. Furthermore, designers must prioritize 
attribute minimization within the token. Including only the essential attributes required for 
frequent enforcement decisions reduces token size and limits the exposure of sensitive user data 
[3], [11]. For highly granular decisions that are less frequent, the system should rely on real-time 
retrieval through the policy information point [1], [9], [13]. 
 
B. Security Hardening 
Securing the authorization infrastructure requires attention to both the identity layer and the 
policy evaluation components. Communication between enforcement points and the decision 
point should be protected using Mutual TLS to ensure confidentiality and mutual 
authentication [10], [16]. At the identity layer, the Authorization Code Flow with Proof Key for 
Code Exchange protects against code interception [2], [3]. Token lifetimes should be kept short 
to reduce the risk associated with compromised credentials, while refresh tokens should follow 
a strict rotation policy to maintain long‑lived sessions securely [3], [11]. Administrative 
interfaces must be restricted to authorized operators, and signing keys should be rotated 
periodically to reduce long‑term exposure risk [9], [15]. 
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C. Audit and Compliance 
A decentralized authorization model enables centralized auditing of access decisions across the 
microservices environment. Keycloak should be configured to log authentication events, token 
issuance, and policy evaluation outcomes, including the attributes and rules that contributed to 
the decision [9], [15]. Microservices should log authorization results at the enforcement layer to 
provide a complete trace of resource access [10], [16]. These logs support regulatory 
requirements by providing a verifiable record of who accessed which resource and under what 
conditions [5], [6]. Streaming logs to a centralized, secure aggregation platform improves 
visibility and enables detection of anomalous access patterns [15], [18]. Regular audits of the 
policy set help identify obsolete or conflicting rules that may introduce unintended access paths 
[7], [8]. 
 
D. Policy Lifecycle Management 
Authorization policies evolve as business requirements change, making lifecycle management 
essential. A Policy‑as‑Code approach allows policies to be versioned, reviewed, and deployed 
using the same processes applied to application code [15],[17], [18]. Version control systems 
provide traceability, while peer review ensures that changes are validated before deployment 
[7], [8]. Continuous integration pipelines can automatically test new policies against 
representative workloads to detect regressions or performance issues [10], [16]. Staging 
environments allow administrators to validate changes before promoting them to production 
[15], [18]. Treating policies as versioned artifacts enables rapid rollback in the event of 
misconfiguration and reduces operational risk [15], [18]. 
 
 
IX. CONCLUSION 

This work has presented a decentralized authorization framework designed for modern 
microservice architectures, demonstrating how identity federation, Policy-Based Access 
Control, and attribute-driven decision making can be integrated into a cloud-native 
environment [1], [5], [6], [9], [15]. The evaluation across architectural, operational, and 
performance dimensions shows that externalizing authorization from application code 
improves consistency, auditability, and maintainability [10], [16]. By shifting away from 
centralized perimeters and static role-based controls, the proposed model achieves a security 
posture that is both granular and adaptive, addressing the fundamental challenges of service-to-
service communication [7], [8], [15]. 
 
A. Benefits of Decentralized PBAC/ABAC 
The adoption of decentralized PBAC and ABAC provides clear benefits for distributed systems 
by addressing the pervasive issue of role explosion found in traditional systems [7], [8]. By 
separating enforcement, decisioning, and attribute sourcing, organizations can apply uniform 
security controls across heterogeneous services while maintaining flexibility in policy 
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expression [5], [6], [15]. Attribute-rich tokens enable fine-grained decisions at the service 
boundary, and the use of sidecar proxies ensures that enforcement remains consistent across 
diverse programming languages [10], [16]. This decoupling allows security architects to update 
access rules independently of service redeployments, significantly improving organizational 
agility [15], [18]. 
 
B. Practical Viability of Keycloak and PingOne 
The integration of the open-source Keycloak and PingOne proved to be a practical and effective 
approach for implementing identity-centric authorization [1], [9]. Keycloak serves as a flexible 
identity broker and policy engine, while PingOne offers high-assurance authentication and 
multi-factor capabilities required by enterprise standards [1]. The use of the OIDC 
Authorization Code Flow with Proof Key for Code Exchange (PKCE) further hardens the 
brokering process [2], [3]. This combination creates a portable, standards-based identity layer 
that avoids the pitfalls of cloud-provider lock-in while supporting the attribute enrichment 
necessary for complex authorization logic [1], [9], [13]. 
 
C. Final Remarks on Identity-Centric Authorization 
Identity-centric authorization represents the core of a zero trust architecture, where every 
request is explicitly verified based on the most current identity and environmental data 
available [5], [6], [15]. The findings of this study highlight the importance of robust identity 
federation, modular policy design, and efficient enforcement mechanisms such as decision 
caching to mitigate latency [10], [16]. As organizations expand their microservice footprints, the 
principles of Policy-as-Code and decentralized enforcement outlined in this work provide a 
foundation for building secure, scalable, and adaptable authorization architectures that meet 
both modern security and compliance requirements [15], [18]. 
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