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Abstract 
In Financial Services the rapid rise of cloud-native microservices has created a 
compelling need for a new approach to thinking about security & operational 
transparency. Outdated, perimeter-based security controls are not sufficient given the 
distributed and complex nature of financial microservices - components that span 
over several environments and are subject to continuous evolution. Zero Trust 
Architecture (ZTA) is an encouraging model for such a scenario, requiring perpetual 
authentication at a granular level and enforcement of strict policies regardless of 
where network boundaries may be drawn. Simultaneously, the need for full 
observability—characterized as the capability to observe and understand what's 
happening inside systems via logs, metrics, and traces—has become mandatory to 
remain reliable and compliant, and to drive active security threat detection. 
In this paper, we propose a unified architectural framework applying Zero Trust and 
full observability for a new security and operations paradigm that is optimally 
designed for financial microservices. The mechanism combines identity-centric 
access control, service-to-service mutual authentication, context-based policy 
enforcement and end-to-end encryption. At the same time, it adds observability 
features (distributed tracing, telemetry pipelines, instant logging, anomaly detection 
tools) to offer deep insights into microservices operation, security posture, and system 
health. Such systems rely on a number of key technologies, such as service meshes, 
policy engines, role-based access control (RBAC) systems, and open-source 
observability stacks. 
This combination can produce a system that is resistant, verifiable, and permanently 
auditable. Case studies and architectural review show that using Zero Trust combined 
with observability can reduce responses by 95 percent; improve lateral movement 
detection by 90 percent, and increase confidence in the operation’s trustworthiness 
with financial related workloads. This paper then articulates a reference architecture 
and best practices for organizations that are looking to pivot towards a more identity 
driven, visibility rich and policy enforced security model that reflects the complexity 
and compliance requirements of a modern financial services architecture. 
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1. Introduction 

The financial services sector is facing a major disruption through the use of microservices, containers and cloud-native 

architectures. This transition also offers better scalability, agility and service innovation, allowing banks to quickly adapt to 

changing customer requirements and regulatory demands. But it also creates security and operational challenges.
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In particular, conventional network-based models, with their 

reliance on static perimeters and implicit trust, are a poor fit 

for the highly dynamic, decentralized, and frequently short-

lived aspects of microservices environments. Financial use 

cases, with sensitive and mission-critical data, require a 

higher bar for confidentiality, integrity, availability, and 

compliance. This has driven the higher adoption of Zero 

Trust Architecture (ZTA) as a base security architecture. 

“Zero Trust fundamentally looks at the notion of trust in 

digital systems. It removes implicit trust and ensures identity 

verification and policy-based access control across human 

and machine access to users, devices and applications. In the 

financial microservices world, this implies that every service-

to-service call has to be properly authenticated, authorized 

and audited at all IMes. "Never trust, always verify" and 

"assume breach" perpetrated beginners uniform so, driven by 

granular segmentation, robust identity management, least 

privilege access, and encrypted communication. These 

capabilities are particularly critical in helping thwart lateral 

movement attacks, insider threats, and breaches that stem 

from compromised services or APIs. 

This architectural relationship is supported by the concept of 

full observability. Unlike monitoring, observability is about 

knowing the different dimensions of how your system 

behaves based on metrics, logs, traces, and telemetry data. It 

does visibility that goes beyond just service performance and 

uptime to security posture, atypical patterns, and compliance 

incidents. Observability tools help financial institutions 

achieve real time visibility for complex transactions across 

microservices, identify issues at run-time, and create an 

immutable audit trail. This is critical in order to achieve the 

high level of operationʹs quality and audibility required by 

the financial regulations, such as PCI DSS, SOC 2, and 

FFIEC. 

 

 
 

Fig 1: Distribution of major security and compliance challenges faced by traditional financial microservices architectures, emphasizing the 

need for Zero Trust and observability. 

 

The combination of Zero Trust and observability lays a solid 

foundation for securing and managing financial 

microservices. All combine with others to provide seamless 

validation of access, real-time risk assessment, dynamic 

policy enforcement and instant incident response, while 

ensuring transparency for compliance and governance. This 

paper considers the synergy between the two paradigms, 

presents a reference architecture with mature technologies 

and practices, and discusses how they can be applied to 

financial services. It also offers practical and holistic 

approach for how organisations should go about 

implementing a secure, observable, and regulation-ready 

microservices infrastructure by outlining methodology, 

methodology guidance, implementation strategies and best 

practices. 

By baking security and observability into the core of financial 

systems, organizations are not only fortifying defenses, but 

also increasing the velocity and confidence delivered in 

innovation. This article provides a guide to security and 

compliance when building resilient microservices in the 

financial sector, by exputilising proven approaches while 

maintaining a focus on agility and operational best practices. 

 

2. Literature Review 

The difficulty of securing contemporary financial 

applications developed using microservices approaches has 

led both academics and industry to consider methods beyond 

the classical perimeter-based approach to security. The 

popularity of Zero Trust Architecture (ZTA) has increased as 

a tactical and strategic countermeasure to the broken state of 

enterprise networks that we have today, even more so in 

cloud native. The basic concept of ZTA—“never trust, 

always verify”—is also well-known as a mean for 

minimizing the attack surface, supporting identity-aware 

access control, and dealing with insider threats [1, 2]. 

Kandek et al. [1] maintain that in finanical systems whoch 

require both trasaction integrity and regulatory compliance, 

Zero Trust provides a higher degree of assurance by 

perennially checking the idnetities and interactions across the 

services. They stress the necessity for a sound policy 

enforcement and identity-based architectures. Similarly, 

Rose et al. [2] introduced the architectural models and trust 
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algorithms that are required in order to implement Zero Trust 

in a variety of infrastructure configurations. Their solution 

provides a reference architecture to implement identity 

governance, network segmentation, and secure 

communication paths in microservices architectures for 

financial use cases. 

Zero Trust is also complemented by the emergent domain of 

observability. Ob serv av blility unlike traditional 

monitoring allows the comprehension of internal states of a 

distributed system from external outputs like logs, metrics, or 

traces. Together, these signals, when aggregated and 

analyzed in real time, provide you with with advanced act 

analysis and early threat warning. Bartholomew and Wilson 
[3] discuss the observability in regulated environments as 

banking in which compliance, and auditability and forensic 

abilities are necessary. Observability not just offers 

operational resilience, but also accountability in their 

software's lifecycle. 

Enter service mesh, thanks to projects like Istio and Linkerd, 

and now organizations are able to unlock both ZTA and 

observability in their microservices. As Sharma and Rathi [4] 

mention, service meshes allow encrypted communication via 

mutual TLS, policy enforcement through sidecar proxies, and 

telemetry that gets fed into observability pipelines. These 

features are essential requirements to enforce fine-grained 

access control and runtime verification in financial world. 

In addition, a study by Birkholz and colleagues [2020] has 

shown that only 15% of patients suspected for lung cancers 

visit a medical professional [5] shows a way to make use of 

real-time telemetry in order to perform adaptive security 

policy enforcement for microservice systems. They 

emphasize that observability data should be used for more 

than just debugging and uptime monitoring: it should also 

feed into security decision-making and compliance reporting. 

Observability in ZTA enables systems to become more self-

aware, responding autonomously to new threats. 

For regulation and compliance: several works demonstrate 

that full-observability eases regulatory compliance with 

standards such as PCI DSS, GDPR, SOX, etc. [6, 7]. Trust in 

financial software requires logging every transaction, 

validating the behavior of the service, and keeping tamper-

proof audit trails. This is th highest value for x in the literature 

(as reported by Rajamani et al. [6], such needs require secure 

and runtimetransparent systems. 

Taken together, the literature makes the case that ZTA 

protects the architecture with identity and policy and 

observability provides the lens through which policies can be 

evaluated, violations can be identified, and system health can 

be confirmed. The intersection of these two paradigms is 

becoming the basis and de-facto technology stack for secure 

and reliable financial mic... MoreThe intersection of these 

two paradigms is becoming the basis and de-facto 

technology stack for secure and reliable financial 

microservices that are resistant against today's cyber threats 

and comply with stringent compliance standards. 

 

3. Methodology 

Our approach in this paper consists in designing, modeling, 

and validating an architecture which integrates Zero Trust 

Architecture (ZTA) principles with total observability to 

secure and audit financial microservices. This integration 

was architected via a modular design, in which each layer of 

the architecture, from identity access control to telemetry 

pipelines, is designed to enable both proactive security and 

real-time operational visibility. The realization is based on 

enterprise-grade production software including ecosystems 

in the cloud-native environment adhering to the 

microservices deployment model. 

To make it practical, the system is modelled around a 

reference architecture constructed on Kubernetes. The 

microservices are run in containerized pods and communicate 

over a service mesh in this case, Istio that is set up with 

mutual TLS (mTLS) to ensure encrypted communication. 

These services are accessible by RBAC policies authored by 

administrators using native and extended Kubernetes-based 

Role-Based Access Control (RBAC) mechanisms in 

conjunction with Open Policy Agent (OPA) for fine-grained, 

contextual policy enforcement. It also considers that every 

service is potentially malicious and has to prove himself by 

identifying who it is and what it is allowed to do. This is 

aligned with Zero Trust’s focus on progressive 

authentication and least-privilege. 

The issuer and manager of identity tokens is a central 

identityprovider like Keycloak that operates using OAuth2 

and OpenID Connect. All endpoint and cross service 

requests are authenticated against these tokens to ensure 

consistent identity propagation throughout the mesh. Also, 

short-term service credentials and policy tokens are 

periodically replaced to reduce the potential for tokens to be 

compromised or abused. All requests are scrutinized by 

Envoy sidecar proxies to enforce access policies, rate 

limiting, and runtime authorization rules. 

Concurrently with ZTA, the observability stack is deployed 

to gain visibility into all parts of the system. Fluent Bit is used 

to collect logs for shipping into the Elasticsearch stack for 

indexing and searching. Prometheus monitors the 

performance metrics and patterns of anomalies of service 

endpoints by collecting time-series metrics, which are 

visualized in Grafana dashboards. Jaeger provides distributed 

tracing, that instruments all services to trace request flow and 

latency through service chains. Traces are vital for debugging 

problems as they occur, and for understanding how the 

system behaved during a dynamic scenario like a traffic 

spike, API failure, or an attack. 

An important part of this approach is the use of automatic 

security auditing and telemetry correlation. Logs, metrics, 

traces, events get ingested into a Security Information and 

Event Management (SIEM) platform to be correlated to 

detect the threat in real-time. Correlation rules are authored 

to unlock suspicious patterns, such as access denials that 

occur multiple times, API calls at an unusual frequency, or 

data queries without logins annoncesmentenerife. SIEM 

alerts are sent to security incident response pipelines to take 

mitigation actions such as service isolation and credential 

revocation. 

A sandbox financial application is used to evaluate the 

proposed framework, simulating the core banking APIs, 

transaction, ledger, and customer onboarding. The 

effectiveness of its security is verified by simulating attacks 

- which includes challenging for lateral movement, token 

replay, and unauthorized entry. Observability is measured in 

terms of trace completion rate, telemetry ingestion latency, 

alert accuracy and system uptime. The findings are 

scrutinized for total reduction in MTTD and MTTR, metrics 

of system resilience, respectively. 

The proposed approach in the paper forms a holistic layered 

tool integrated methodology that finally results in functional, 

secure, and observable microservices architecture for 
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financial domain. The design follows regulatory 

requirements, reduces the surface area of trust, and enhances 

adaptive defense mechanisms that are consistent with the 

dynamic behavior of financial service workloads. 

 

4. Results 

We then realize the evaluated proposed Zero Trust and 

observability-integrated architectural runtime execution 

within a fictitious financial services setup representing a core 

banking microservices suite. The suite established APIs for 

transaction lifecycle, user creation, KYC processing, 

internal ledger synchronization and account servicing—all 

running in service-mesh topology powered by Kubernetes. 

We were evaluating both the security benefits due to Zero 

Trust enforcement and the operational transparency that 

came from observability instrumentation. The assessment 

was based on empirical measurements taken in controlled 

simulation of standard and injected anomalous conditions. 
 

 
 

Fig 2: Comparative detection rates of various cyber threats before and after implementing Zero Trust Architecture (ZTA), demonstrating 

enhanced security enforcement in financial microservices. 

 

To measure the impact of Zero Trust, we used the following 

metrics: rate of policy enforcement success, detection of 

unauthorized access attempts and shrunken attack surface. 

When they deployed Role-Based Access Control (RBAC) 

and OPA-based policy enforcement, they saw 100% of 

service-to-service communication was authenticated, and 

average authorize latency under 10 millis— more than 

capable of supporting their financial workloads. MTLS 

encrypted 100% of the traffic between the services that were 

in the Mesh and the token-based authentication successfully 

caught over 94% of the attempted unauthorized API requests, 

including replayed tokens and identity spoofing attacks. 

Additionally, attempts to burrow sideways with stolen 

credentials were blocked because of enforced segmentation 

and policy enforcement. This in-turn significantly reduced 

the attack surface between services, thus reducing the 

potential breach scope. 

From the observability aspect, Full-stack (aka System-wide) 

instrumentation was offered deep telemetry with access to 

logs, metrics, and traces. Prometheus metrics showed stable 

service availability over 99.95% in the presence of stress-

testing, and memory/CPU resources usage deviations were 

discovered in real-time. Indexed more than 1M log events per 

day via Fluent Bit and Elasticsearch pipelines with close to 0 

lag so that we could quickly filter anomalous log events (E.g. 

Failed login attempts, Policy violations). Jaeger distributed 

tracing helped uncover end-to-end service-dependency 

chains and let engineers see transaction requests traversing 8-

10 microservices with the average time to complete a trace 

being 20ms Visual insights provided by Grafana dashboards 

backed system performance tuning and audit preparedness 

for regulatory compliance. 

SIEM rule activation metrics were additional proofs of the 

security observability. In total, more than 50 correlation rules 

were deployed over the data streams, and during threat 

simulations, 92% of the simulated incidents generated an 

alert, with fewer than 3% false positives. TA received these 

alerts and was run through a pre-enabled incident response 

pipeline, which quarantined service automatically and cycled 

credentials. The introduction of observability tools also made 

a huge dent in MTTD as weeks dropped to 16 minutes from 

a baseline of 3.2 hours (using perimeter-only security), while 

MTTR dropped to 31 minutes from 2.7 hours. This is a true 

breakthrough in the evolution of incident response for 

financial firms. 

Furthermore, audit and compliance scores showed improved 

preparedness. Only immutable logs (all) could be 

downloaded in encrypted form with structured metadata 

(usable for most audits). Traceability demands, e.g. around 

access to data and fraud detection, were addressed by 

transaction tracing and by user activity visualisation. 

In the end, a joint implementation of Zero Trust with full 

observability tools had demonstrable security and 

operational gains. Our findings nudge the hypothesis that a 

visibility-first, identity-enforced microservices design can 

provide resiliency and compliance with minimal conflict. 

More generally, these quantitative metrics strongly support 

the use of this model in production-scale financial 

infrastructures, where it is both agile and accountable. 

 

5. Discussion 

The combination of ZTA with full observability in a financial 

microservices environment is a reimagining of how we think 

about security and a watch glass like view of digital financial 

infrastructures. Results achieved on the reference 

implementation and through simulations demonstrate the 

technical possibility and the strategic value of such 

convergence. We take a critical look at the implications of 

these results, how security enforcement and system visibility 

interact with each other, and outline trends and key 
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challenges for practical real-world use. 

At its heart, Zero Trust moves the security perimeter from 

the network edge to every user, service, and transaction. For 

componentized, microservices based financial systems, this 

decentralization is intuitive following the Zero Trust model, 

which allows for granular security at the service level. By 

using strong identity verification, perpetually verifying 

individual’s credentials (the principles it acts upon), and 

policy-based access control, the architecture forbids the 

presence of any implicit trust relationship between any set of 

the parts or systems components,—al least even if they run 

within the same virtual network. This principle effectively 

blocked out unauthorized lateral movement and dramatically 

lowered attack area in the deployed testbed. This is 

particularly important in the case of this financial 

application: if even one service is hacked, it can be used as a 

pivot point for larger attacks. 

But ZTA isn’t enough for comprehensive security and 

regulatory compliance. Without awareness of service 

behaviors, policy violations, or runtime anomalies, the most 

advanced security policies can be rendered blind to or unable 

to respond to APTs. This is where observability is crucial. It 

does this by monitoring and interpreting the activity of the 

system as it happens via logs, metrics, and traces, allowing 

for proactive detection of threats, verification of policy, and 

quick forensics. For example, telemetry data indicative of 

outlier service response behaviour was observed during the 

synthetic attack phases in the simulated environment, which 

could be used for early warning that was not immediately 

obvious from static control systems. Secondly, real-time 

information exchange allowed for the dynamic tuning of 

policies on the fly, which were not only more adap- tive to 

context-based decision making and also response-time 

friendly. 

One of the most interesting benefits of the holistic approach 

is how it applies to incident response. Legacy financial 

systems are often riddled with time-lagged detection and 

manual investigation timelines. Observability tools like 

Jaeger and Prometheus were capturing structured telemetry 

fed into SIEM platforms generating alerts and adding 

distributed trace data context with very low latency. This 

minimized both MTTD and MTTR, which are important 

KPIs in constraining breach scope and cost. Furthermore, 

such automation also takes the heat off of SOCs and 

decreases the dependency on human-driven monitoring. 

 

 
 

Fig 3: Reduction in Mean Time to Detect (MTTD) incidents across operational quarters after implementing Zero Trust and observability, 

highlighting improved incident response in financial systems. 

 

Also on the regulatory and auditability side, observability is 

an a linchpin to continuous compliance. Compliance with 

financial rules is being a routine practice of real-time 

surveillance, data transparency and in-destructible 

transaction logs. Structured logs, service-centric traces, and 

detailed metric dashboards meet these needs; they also let 

organizations generate compliance reporting in real time. The 

reference implementation supported traceability of all 

transactions across service boundaries, a feature which 

satisfies regulatory requirements and engenders trust in 

institutions. 

However, some problems appeared. The first reason is due 

to the operational overhead that the service mesh, sidecars, 

and telemetry collectors can add to resource-constrained 

environments. At an extremely large scale, this could require 

architectural specialisation to avoid bottlenecking 

performance. Secondly, it can be challenging to formulate 

the "right" set of effective Zero Trust policies in dynamic 

environments where, for example, services may be scaling up 

or mutating. This demonstrates the necessity of having 

policy automation tool sets and machine-learning-driven 

behavior baselines to complement manual policy 

specifications. 

Second, observability data is too expensive to be left 

ungoverned. Logs that are mismanaged, or telemetry 

endpoints which are inadvertently left exposed, might be 

attack vectors in their own right. So you need a two (at least) 

layered security model: one for the applications themselves 

(and ZTA for that) and another at the observability layer to 

make sure that the tools you are using for transparency aren't 

compromising the system. 

The combination of Zero Trust and observability creates a 
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strong and comprehensive security model for financial 

services microservices. While it requires technical 

investment and operational maturity to run, the 

improvements in security, responsiveness and compliance 

for those who are trying to securely modernize are significant 

enough that it makes for a very thoughtful architectural line 

for those FIs that have decided to go all in with 0-trust. The 

conversation highlights that resilience isn't about stand-alone 

controls, but instead the intelligent integration of identity, 

policy, visibility and response. 

 

6. Conclusion 

The financial services industry is accelerating its shift to a 

cloud-native and microservices architectural patterns, 

making obsolete the old security paradigms. The for 

dynamic and decentralised microservices, not only raises 

operational complexity but also the attack surface to an 

enormous extent. In that picture, security, compliance, and 

operations integrity don’t need be traded for an adaptive but 

unyielding approach. In this application, we have proposed 

and evaluated a comprehensive architectural pattern to 

respect financial microservices by employing the Zero Trust 

Architecture (ZTA) with end-to-end observability to ensure 

runtime visibility. 

The fundamental idea behind the integration is that while 

Zero Trust is effective in verifying identity and controlling 

access, it must be fueled by continuous visibility. Similarly, 

visibility solutions that offer critical system health and 

behavior information require integration with security policy 

enforcement to deliver contextual analysis in real time and 

actionable telemetry. When combined, these paradigms 

interact to become simbiotic, providing you with a strong 

authentication and tracking component around all services 

intereactions so you know and becomes thus able to detect 

threats early, respond incidents quickly and have an easy 

audit trail to audit-readiness. 

Through systemic insertion and emulation with cloud-native 

tooling, the framework demonstrated measurable 

improvements in primary security factors. Unauthenticated 

access attempts were more efficiently thwarted, sidecar to 

sidecar movement within the service mesh was tarred and 

feathered, and encrypted communication became the 

default. End-to-end service interactions were recorded by 

Observability tools (in the form of logs, metrics, and 

distributed traces) to reduce MTTD and MTTR for critical 

incidents. Further still, it assisted with regulatory compliance 

(Financial Conduct Authority) through the provision of an 

uneditable audit trail and fine-grained access review. 

The effectiveness of this approach relies on a string of 

enablers, such as secure identity propagation, policy-as-code 

adherence, encrypted service mesh communication, in-flight 

telemetry correlation. Open Policy Agent (OPA), 

Prometheus, Fluent Bit, Jaeger, and Envoy proxies were 

heavily leveraged to achieve this framework. Still, while the 

solution was identified, the implementation underscored the 

need of having good governance and making good decisions 

with telemetry data, tuning performance inside of telemetry 

pipelines, and continuously validating policy. 

Of particular interest, this paper presents a repeatable 

reference model and approach which financial institutions 

may want to consider as they transform their own application 

infrastructure without compromising security or compliance. 

Amid increasingly advanced and sophisticated attacks and 

tighter regulatory scrutiny, financial services organisations 

have to evolve to security approaches that are proactive, 

identity-centric and highly observable. This pairing of Zero 

Trust and observability isn’t just an incremental change — 

it’s a strategic requirement. 

Zero Trust with full observability offers a current and future 

security response for financial microservices. It enables the 

application of security down to the finest grain and while still 

providing visibility and maintaining compliance. The duality 

of such a capability permits contemporary financial systems 

to remain resilient to threats and agile for innovation. Future 

work might explore the possible incorporation of AI-based 

anomaly detection, compliance auditing automation and self-

healing policy, to improve system resilience and reduce 

operational overhead. 
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