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| ABSTRACT

Cloud-native organizations increasingly rely on microservices for backend modularity and micro-frontends for scalable user
interface delivery. Yet, real-world systems still struggle to evolve these layers coherently under high release velocity, shifting
product goals, and variable workloads. This paper presents a unified Agentic Al framework that autonomously coordinates the
co-evolution of micro-frontend Uls (implemented in React)S and Angular) and microservices. The proposed architecture
integrates reinforcement learning for continuous control, large language models for code and configuration synthesis, and a
policy-governed multi-agent control plane that executes progressive delivery (feature flags, canary, blue-green) via Kubernetes
and service meshes. We formalize decisions using Markov Decision Processes, propose drift detection models for UI-API
compatibility, and formulate traffic-shifting optimization for safe rollouts. A mini empirical study across e-commerce, SaaS
analytics, and multi-cloud migration scenarios demonstrates reductions in adaptation latency, error rates, and manual
intervention relative to strong DevOps baselines. We discuss reliability, explainability, and governance challenges, and lay out
future research on hybrid RL-LLM agents, knowledge-graph-aware planning, digital twins, and compliance-aware rewards.
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1. Introduction

1.1 Background and Motivation

Microservices decompose applications into independently deployable services to improve scalability, resilience, and team
autonomy [1], [2]. Micro-frontends extend these principles to the presentation layer, enabling teams to ship Ul functionality
independently while mixing frameworks such as React)S and Angular within a single product surface [3], [4]. This decoupling
accelerates feature flow but creates a moving target: as microservices evolve (new endpoints, changed contracts, altered
performance profiles), micro-frontends must keep pace to prevent UX regressions and broken interactions [5], [6]. The
proliferation of components, versions, and dependency chains multiplies coordination overhead, especially across organizations
with dozens of teams and multiple release trains [7].

Agentic Al — an umbrella term for autonomous, goal-driven software agents endowed with perception, planning, and action
capabilities — offers a path to continuous co-evolution of backend and frontend artifacts under explicit service-level objectives
and policies [8]. In this view, agents learn and execute adaptation plans: they sense API/UI drift, reason about remediation,
propose changes (from scaling to code patches), and roll them out with guardrails for safety and compliance [9], [10]. This paper
focuses on practical orchestration across React)S and Angular micro-frontends integrated with microservices, emphasizing
runtime coordination, progressive delivery, and robust rollback.

Copyright: © 2025 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Al-Kindi Centre for Research and Development,
London, United Kingdom.
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1.2 Problem Statement

Despite advances in CI/CD, observability, and service meshes, most organizations still orchestrate cross-layer change using
manual signals, ticketing, and best-effort conventions [5], [11]. This leads to brittle coupling and delayed rollouts whenever API
schemas, GraphQL contracts, or Ul integration layers diverge. Moreover, existing automated controllers rarely blend continuous
control (e.g., scaling, routing) with code-level reasoning (e.g., generating an Angular form patch or a React component refactor)
[12]. A unified, policy-aware agentic control plane that coordinates React/Angular micro-frontends with microservices — and
does so autonomously — remains underexplored in industrial practice and research.

1.3 Contributions

Unified Agentic Control Plane (ACP). We propose a reference architecture combining perception (observability, drift
detection), cognition (RL policies and LLM code agents), and execution (Kubernetes and service mesh-based progressive
delivery).

Mathematical Formulation. We cast adaptation as an MDP; derive multi-objective rewards for SLOs, user-centric signals, and
cost; formalize drift detectors for Ul and API contracts; and define traffic-shifting optimization during canaries.

ReactJS/Angular Micro-Frontends. We present concrete integration patterns for runtime composition (Webpack Module
Federation, single-spa), build-time federation, and mixed React-Angular shells; discuss RUM and Core Web Vitals-driven
adaptations.

Evaluation. We implement a mini empirical study with e-commerce, SaaS analytics, and multi-cloud migration scenarios; report
latency, SLO attainment, regression detection, intervention time, and rollback efficacy.

Governance. We define guardrails including policy checks, audit trails (GitOps), change windows, and human-in-the-loop
thresholds that bound agent autonomy under risk.

2. Definitions & Abbreviations

Term Definition

Agentic Al Autonomous agents with perception, planning, and action under explicit goals

Micro-Frontend Independently deployable Ul module integrated at runtime or build time

React)S JavaScript library for building component-based Uls

Angular TypeScript framework for building structured, component-based SPAs

MDP Markov Decision Process for sequential decision modeling

RL Reinforcement Learning for policy optimization via rewards

LLM Large Language Model for code, config, and plan synthesis

RUM Real User Monitoring (e.g., Core Web Vitals)

OTel OpenTelemetry for unified traces/metrics/logs

SLO Service-Level Objective; e.g., P95 latency threshold

HPA Horizontal Pod Autoscaler (Kubernetes)

MCP Model Context Protocol for secure tool/API access

GitOps Git-based desired-state and audit mechanism for ops

Canary/Blue-Green Progressive delivery strategies for safe rollout

AL Adaptation Latency: Time from drift detection to stable promotion.

ER Error Rate: Share of failed requests during rollout, weighted by endpoint traffic.

RD RUM Delta: Change in user-experience metrics (e.g., Core Web Vitals) vs. control
baseline.

SA SLO Attainment: Fraction of time key SLOs are met within target thresholds.

Ml Manual Intervention: Engineering coordination effort (hours/week) required for a
change.

RE Rollback Efficacy: Speed and accuracy of reversions (e.g, MTTR and avoidance of
unnecessary rollbacks).

RQ Research Question

Table 1: Definitions and Abbreviations.
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3. Related Work

3.1 Microservices Evolution

The last decade of microservices research emphasizes modularity, fault isolation, and independent scaling [1], [2], [13].
Autonomic microservice management studies demonstrate benefits of feedback loops, predictive autoscaling, and anomaly
mitigation [14], [15]. These works typically treat the Ul as an external consumer, leaving cross-layer synchronization as an
organizational, not a technical, mechanism.

3.2 Micro-Frontend Orchestration

Micro-frontends decompose Uls to pace backend modularity [3], [4]. Surveys report adoption benefits and pitfalls: runtime
composition overheads, versioning pain, shared state coordination, and UX consistency challenges across multiple teams and
frameworks [16], [17]. Integration strategies include build-time federation, server-side composition, edge includes, and runtime
module federation; each trade off performance, coupling, and operational flexibility [3], [16].

3.3 Al-Driven Adaptation and Self-Healing

Autonomic computing’s MAPE-K loop offers a conceptual scaffold for monitor-analyze-plan-execute over a shared knowledge
base [18]. AlOps platforms apply machine learning to logs, metrics, and traces for incident triage and mitigation
recommendation [19], [20], but often stop short of automated cross-layer remediation in production.

3.4 RL in Cloud/DevOps

RL has improved microservice autoscaling, workload placement, and congestion control under multi-objective goals [21], [22].
Gains derive from learning non-linear interactions among services and workloads. However, many systems do not integrate
code-level changes or Ul-aware signals into the policy loop.

3.5 LLMs for Software Operations

LLMs have been shown to accelerate code generation, config editing, and root-cause analysis [23], [24], [25]. Emerging agents
combine retrieval, tool use, and iterative planning to operate on real systems under guardrails. Practical limitations include
hallucination, security concerns, and the need for human-in-the-loop for high-risk actions [26].

4. System Architecture (Agentic Control Plane)

4.1 Overview

The Agentic Control Plane (ACP) coordinates the co-evolution of React/Angular micro-frontends and microservices under an
autonomic MAPE-K loop with DevOps guardrails. It aligns runtime control (traffic, scaling, feature gating) with code/config
change (small, reviewable diffs) and continuous verification against SLOs and UX budgets. The ACP spans: a Data Plane (micro-
frontends, gateways/CDN, microservices behind a mesh), an Observation Plane (unified telemetry and contract baselines), a
Cognition Plane (specialized agents with a superintendent and policy engine), and an Execution Plane (GitOps reconcilers, mesh
controllers, feature-flag orchestration). Design tenets include policy-first change, small safe steps, Git/observability as sources of
truth, cross-layer symmetry, and explainability of every action [2], [3],[4], [7], [8], [11].

4.2 Observation Plane
Unified telemetry. OpenTelemetry standardizes spans across frontend and backend so RUM signals (e.g., interaction latency) can
be correlated with backend traces to localize user-visible regressions [21], [27].

Contract & schema baselines. The ACP maintains versioned OpenAPI/GraphQL signatures and Ul contracts (typed DTOs/props,
Angular service interfaces). Risk classifiers flag breaking changes early; REST design rules and structural-coupling insights guide
safe evolution [14], [16], [22].

Drift & anomaly detection. Statistical and semantic detectors quantify divergence in payloads, DOM structure, and SSR/CSR
timing; anomalies route into analysis with policy-aware context. AlOps-style learning over logs/metrics/traces supports triage
before automated remediation [19], [23].

4.3 Cognition Plane

Scaling RL Agent. Learns policies over a compact state (tail latency, saturation, error-budget burn, cost, and RUM deltas) and
acts on HPA/VPA targets, mesh timeouts/retries, concurrency, and cache pre-warm. A safety layer projects actions into a feasible
set (max A per step, cooldowns, regional caps) [10], [12], [20], [24], [26].

Release/LLM Agent. Uses retrieval-augmented planning over code/config/test history and tool use (git, test runners) to propose
minimal diffs (e.g., React memoization, Angular OnPush, DTO mappers), with readable PR rationales and risk notes [23].
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UX/Contract Agent. Tracks RUM budgets, contract tests, and feature-flag states; sequences flag — canary — promote across Ul
and API together so UX changes only land when backend canaries are stable [3], [25].

Superintendent & policy engine. Arbitration resolves multi-agent proposals against governance objectives (SLO attainment,
user impact, risk, cost). An OPA-like gate determines auto-approval vs. human-in-the-loop for higher-risk adaptations [7], [11].

4.4 Execution Plane
GitOps & reconcilers. Desired state (manifests/Helm/Kustomize) is produced by agents; pipelines run
unit/contract/E2E/visual/a11y gates; audit trails tie every change to PRs, approvals, and evidence bundles [7], [11].

Service-mesh progressive delivery. Canary and blue-green via version labels; per-route timeouts, retries, and circuit breaking
limit blast radius; instant rollback on guardrail breach [25].

Frontend delivery orchestration. Module Federation remotes for React/Angular are resolved via feature flags; CDN/edge
config updates remain atomic and reversible; asset budgets enforce performance at the MF level [3], [4].

Data & compatibility management. Adapter/mapping layers mitigate contract drift while consumers converge; REST rule
conformance improves understandability and reduces breaking change risk [14], [22].

4.5 Closed-Loop Verification & Learning
Continuous verification. Canary cohorts compare to control via sequential tests; promotion occurs only on positive evidence,
otherwise automatic rollback restores steady state; lessons learned feed future plans [8], [20], [24], [25].

Rationales & explainability. Each action ships with why now, what changed, evidence, and fallback, preserving reviewability and
auditability within standard DevOps practices [7], [11].

Learning & auto-tuning. Tuples (context, plan, outcome) are retained so low-risk classes earn auto-approval over time;
repeated regressions tighten guardrails and sampling plans [19], [23].

4.6 Control APIs & CRDs (operator-friendly)

The ACP exposes declarative objects to make integration predictable: ContractSignature (schema baseline and risk thresholds),
AdaptationPlan (actions + risk score + approvals), CanaryExperiment (cohorts, ramp, success criteria), RolloutPolicy
(environments, blackout windows, blast-radius caps, approver roles), and FeatureFlagPlan (keys, targeting rules, kill-switch
behavior). These map cleanly to existing GitOps and mesh controllers [7], [11], [25].

4.7 Deployment Topology & Scale

Multi-tenant deployments isolate teams by namespace; control components run HA with “observe-only” degradation if
cognition is impaired; multi-region arbitration prevents synchronized risk and respects regional guardrails during rollouts [2], [5],
[7].

4.8 Security, Compliance, and SoD

Zero-trust comms (mTLS), short-lived credentials, repo access scoped to PR flows, SoD for high-risk classes, and complete audit
trails support regulated environments; supply-chain controls attach SBOMs and signatures to artifacts before rollout [7], [11],
[25].

4.9 Reliability & Safety Patterns

Blast-radius controls (cohort-scoped flags, zone-scoped canaries), conservative timeouts, and default circuit breaks reduce
exposure; fallbacks include static bundles, cached configs, read-only modes, and adapter shims for API evolution; chaos drills
verify rollback efficacy [8], [25].

4.10 End-to-End Flow (typical)

Contract drift is detected with rising cohort-specific Ul errors; The UX/Contract Agent proposes an adapter plus Ul mapper while
the RL agent tempers retries and concurrency; Policy gates classify the plan and trigger staging PRs and canaries; Sequential
tests promote or roll back; the knowledge store raises auto-approval for this safe pattern class [3], [8], [19], [20], [25].
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5. Reactjs and Angular Micro-Frontend Integration

5.1 Architectural Patterns

5.1.1 Runtime Composition with Module Federation.

e Host shell (React or Angular) dynamically loads remote bundles published by feature teams.

e Versioning. Expose shared libs (React, Angular core, design system) as singletons to avoid duplication.
e Routing. Single-spa or shell router delegates to remotes; deep links map to distinct MF routes.

5.1.2 Build-Time Federation and Edge Composition.
e SSR/SSG pipelines stitch fragments at build time for faster first paint; edge includes enable partial revalidation.
e  Trade-off: less runtime flexibility; ACP can still use flags to flip between prebuilt variants.

5.1.3 Mixed React + Angular Shells.
e A React host imports Angular remotes (via Angular Elements) and vice versa; shared design tokens align UX.
e ACP tracks framework-specific metrics (React Suspense waterfalls vs Angular change detection) to target optimizations.

5.2 ReactJs Practices under ACP

e State & Memoization. Enforce stable dependency arrays; convert heavy selectors to memoized hooks; prefer Suspense
with streaming SSR when feasible.

e Network & Cache. Preload critical data; align stale-while-revalidate with backend TTLs; reduce overfetching.

e Performance Budgets. Track bundle sizes per MF; ACP flags regressions and can trigger LLM to split bundles or lazy-load
images.

5.3 Angular Practices under ACP

e Change Detection. Prefer OnPush; leverage signals/computed; reduce zone churn via NgZone.runOutsideAngular.

e Standalone Components & Routing. Encourage standalone components for tree-shaking, ACP nudges routing boundaries
for paint speed.

e Reactive Forms & 10C. Enforce typed forms; LLM can migrate deprecated APIs or generate adapters when schemas evolve.

5.4 Cl/CD and Testing for React/Angular MFs

e Contract Tests. Pact or OpenAPI-based tests run against stubbed backends; ACP evaluates coverage and risk.

e Visual & Accessibility Tests. Snapshot diffs; automated a11y assertions (e.g., Axe) as part of policy checks.

e Smoke & Canary Monitors. RUM dashboards per MF; ACP compares treatment/control cohorts before promotion.

6. Mathematical Models for Autonomous Adaptation
6.2 RL Policy Optimization
We model adaptation as an MDP.

MDP = (S,4,P,R,Y)

e State s € S: concatenation of backend metrics (P95 latency L, error rate £, CPU C), mesh metrics (retry rate Rt), and frontend
RUM (FID/INP/LCP, Ul error counts).

e Actions a € A: discrete/continuous vectors including A replicas per service, circuit-breaker thresholds, timeouts, concurrency
limits; for Ul, feature flag toggles and MF version selection; for schema drift, plan selection p from a library (e.g., “introduce
compatibility adapter”).

e Transitions P(s’ | s,a): unknown; learned from interaction.

e Reward R(s, a): multi-objective:

R(s,a) = afso(L, E) + B fux(LCP,INP) — y Cost — & 1

where fs5 o increases when latency/error improve vs budget, fux increases as Core Web Vitals improve, Cost captures infra
usage, and rollback penalty discourages risky actions.

Policy Learning. Actor-critic with entropy regularization; safety layer projects raw actions to a feasible region defined by policy
guards (e.g., max replica delta per step, blackout windows).
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6.3 Semantic Drift Detection
API Drift: Let X0 be baseline schema and Xt current. Encode schemas as vectors of fields with types and nullability. Define

Dpp(t) = A; BrkAdds(t) + A, BrkRem(t) + A3 Typelncompat(t) + A, FieldWeightDiff(t)

where "BrkAdds/BrkRem” count breaking additions/removals, “Typelncompat” counts incompatible type changes, and
“FieldWeightDiff” accounts for semantic weight of fields (e.g., primary identifiers).

Ul Drift: Represent DOM as a labeled tree T with weighted nodes for interactive elements. Compute edit distance
A(TO0,Tt) normalized by baseline size, and a performance delta from RUM:

A(Ty, Te)

Dy(t) =y A

N2 max!{0, LCP, — LCPp,dgetins max ! {0, INPy — INPp,dget}

Triggers fire when Dpp or Dy, exceeds thresholds 0p; o1 0Dy,

6.4 Traffic-Shifting Optimization (Canary)
Given baseline error eb and candidate error ec(x) as a function of canary sharex € [0,1]x € [0,1]x € [0,1], minimize expected
error subject to minimum detection power and risk constraints:

T T
min Z[(l - xt) ep + Xt ec(xt)] st Xe+1 — Xt < Amax' Z X = Xmax
T
t=1 t=1

X1, X

A sequential test (e.g., SPRT) determines promotion or rollback; ACP encodes guardrails Amax, 7 * and maximum exposure.

7. Key Technologies and Tools

Kubernetes & Operators. Declarative rollouts, HPA/VPA, and operator patterns for custom reconcilers.

Service Mesh. Istio/Linkerd for L7 routing, mTLS, retries/timeouts, traffic splitting.

GitOps. ArgoCD/Flux for desired-state delivery and audit trails.

Observability. OpenTelemetry SDKs for React/Angular; metrics in Prometheus; traces correlated across tiers.

Feature Flags. Gradual exposure; cohort targeting for A/B or canary.

RL Stacks. RLIib or SB3 with custom envs reflecting live metrics and simulators seeded by traces.

LLM Agents. Tool-enabled agents with access to repo, test runner, package managers, and code formatters; retrieval over
code embeddings for context.

NouvhA~wn =

8. Implementation Strategies

8.1 Platform Prerequisites and Reference Stack

Adopt a minimal-but-sufficient platform substrate before enabling autonomy: Git as the single source of truth for code and
configuration; a service mesh for traffic policy, retries, and progressive delivery; end-to-end distributed tracing and metrics with
OpenTelemetry across browser and services; and a standards-driven feature-flag system to gate risky changes. This foundation
aligns development, operations, and release engineering with auditable workflows and observable outcomes [7], [11], [25], [17],
[21], [27].

8.2 Repository, Environment, and Promotion Strategy

Choose repository boundaries that mirror product domains while keeping shared utilities small and versioned. Use environment
parity (development — staging — production) with promotion-by-deployment, not ad-hoc configuration edits. Every change
should originate as a small, reviewable diff in Git, pass automated checks, and be promoted through environments by the same
pipeline to preserve reproducibility and auditability [7], [11].

8.3 Observability-First Instrumentation and Guardrails

Instrument browser interactions, gateways, and services uniformly so user-visible symptoms can be traced back to concrete
causes. Correlate browser timing and errors with backend spans to tie experience regressions to specific endpoints and versions.
Define objective guardrails (latency, error budgets, and user-experience thresholds) and wire them into release decisions so
promotions proceed only when evidence is positive [17], [21], [27], [15].
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8.4 Micro-Frontend Composition, Isolation, and Performance Budgets

Compose the frontend as domain-oriented fragments that can be deployed independently, with clear ownership and isolation
boundaries. Keep shared libraries intentionally small to avoid tight coupling, and enforce asset budgets (JavaScript, CSS, images)
per fragment to prevent page-weight creep. Prefer composition mechanisms that allow gradual adoption and safe rollback of
individual fragments without freezing the entire interface [3], [4], [18].

8.5 Backward-Compatible API Evolution and Contract Testing

Plan server changes with client compatibility in mind. Where a change risks breaking consumers, add temporary adapters or
mapping layers and schedule retirements explicitly. Maintain versioned contracts and run contract tests for each consumer-
provider pair to catch drift early. Favor evolution practices that improve understandability and reduce structural coupling so
changes remain explainable and safe to promote [14], [15], [16], [22].

8.6 Progressive Delivery and Traffic Management

Adopt canary and blue-green patterns for both services and micro-frontends. Use traffic policy in the mesh to shift a small
cohort first, confirm guardrails, and then ramp progressively. Coordinate feature-flag ramps with backend canaries so interface
features that depend on new endpoints only reach broader audiences after the relevant service version proves stable. Keep kill-
switches pre-wired to minimize time to rollback [25], [11], [3].

8.7 Safe Autonomy Under Policy and Human Oversight

Automate proposals and routine decisions, but bind them to explicit policies that describe risk classes, blast-radius limits,
approval routes, and evidence requirements. Keep humans in the loop for higher-risk changes while letting low-risk adaptations
proceed automatically. This blends long-standing DevOps practices with autonomic control loops so systems can adjust quickly
without sacrificing safety and explainability [7], [8], [24], [23].

8.8 Scaling, Resilience, and Latency Control

Combine predictive signals (load, saturation, queue depth, and tail latency) with conservative safeguards to decide when to scale,
shed load, or adjust timeouts and retries. Use the mesh for circuit breaking and backoff, and validate changes under the same
progressive-delivery gates used for releases. Predictive or learning-based autoscaling can reduce costly over- and under-
provisioning when paired with robust rollback and verification paths [12], [20], [26], [25], [11].

8.9 Data and Schema Change Management

Evolve schemas with an expand-then-contract mindset: introduce new fields, backfill or dual-write while consumers adapt, then
retire old fields once adoption is verified by contract tests and traces. Ensure read paths remain tolerant during transitions and
that performance impact from backfills is controlled via staged rollouts and resource limits [11], [15], [22].

8.10 Security and Supply-Chain Hygiene in the Release Path

Treat artifacts as first-class, signed objects; capture provenance in the pipeline; and ensure only verified images and bundles
reach production. Enforce encrypted, authenticated service-to-service communication through the mesh. Keep audit trails that
link each deployment to the originating change, approvers, policies, and the evidence used to advance or roll back [11], [25], [7].

8.11 Team Topology, Ownership, and Decision Flow

Organize stream-aligned teams around business capabilities so each team owns a slice of interface and services end-to-end.
Establish clear handshakes for cross-team changes and define who decides, who signs off, and what evidence is required. Reduce
coordination overhead through well-documented contracts and automated checks at boundaries [5], [11].

8.12 Rollout Playbooks and Common Anti-Patterns

Standardize playbooks for new features, performance fixes, schema changes, and emergency rollbacks. Avoid anti-patterns such
as uncorrelated logs without traces, unbounded shared libraries that create hidden coupling, enabling a frontend feature before
its backend is proven, and skipping cohort-based ramps. Favor small, reversible steps with observable outcomes and preplanned
rollback triggers [11], [25], [3], [4], [17], [21], [27].
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9. Evaluation and Case Studies (Mini Empirical Study)

9.1 Research Questions and Hypotheses

RQ1. Does the Agentic Control Plane (ACP) reduce adaptation latency while preserving SLOs and user experience versus a
conventional micro-frontend/microservices baseline? H1: By closing the observe—-decide-act loop with policy gates, ACP lowers
time-to-mitigation and speeds safe promotions [3], [7], [8], [11], [23], [25].

RQ2. Does ACP reduce manual coordination effort during cross-layer changes? H2: Automating progressive delivery and
compatibility shims reduces toil for release, SRE, and frontend teams [3], [7], [11], [23], [25].

RQ3. Does ACP improve rollback efficacy and containment during regressions? H3: Mesh-level routing plus canary gating yields
faster, more localized reversions with lower blast radius [11], [23], [25].

9.2 Testbed, Baselines, and Instrumentation

We evaluated ACP on three representative systems: (i) E-commerce (14 microservices: catalog, pricing, inventory, checkout; 6
micro-frontends split across React and Angular), (ii) SaaS analytics (10 microservices: ingest, transform, query; 7 micro-frontends
for dashboards/builders/admin), and (iii) Multi-cloud (12 microservices across two regions/providers; 6 mixed React/Angular
micro-frontends delivered at the edge). All deployments used a service mesh for traffic policy and progressive delivery,
OpenTelemetry (OTel) for end-to-end tracing/metrics/logs—including Real User Monitoring (RUM) in the browser—and GitOps
for desired-state reconciliation [3], [7], [11], [17], [21], [25], [27].

Baseline. Conventional practice with manual SRE playbooks, service-mesh routing configured by operators, feature flags
managed by application teams, static threshold autoscaling (HPA-like), and human approvals in CI/CD [7], [11], [25].

ACP. Same stack, but changes are proposed and executed by agents: a scaling agent for policy-safe autoscaling and mesh
timeouts/retries, a release agent that synthesizes minimal diffs and orchestrates progressive delivery, and a UX/contract agent
that coordinates feature-flag ramps with backend canaries. ACP decisions are gated by policies and verified continuously via
OTel [3], [8], [17], [20], [23], [25], [26], [27].

9.3 Workloads and Drift Injections
We exercised five common stressors:

1. Pricing schema evolution. Backward-incompatible field rename in a pricing API that breaks PDP/Cart unless adapted;
represents REST evolution pitfalls and structural coupling [14], [15], [16], [22].

2. Frontend bundle bloat. Feature merge that increases JavaScript size and pushes LCP/INP beyond budgets in a React
dashboard; typical micro-frontend performance regression [3], [4].

3. A/B flag rollout. A new Ul component enabled behind a flag while the dependent backend variant is still canarying;
requires cross-layer sequencing [3], [11].

4. Query hotspot. Skewed workload on an analytics query service causing tail-latency spikes; stresses autoscaling and
mesh resilience [11], [23], [25], [26].

5. Region failover. Injected primary-region loss in the multi-cloud system; validates traffic shift, cold path warm-up, and
promotion rollback controls [11], [25].

9.4 Metrics

We collected: Adaptation Latency (AL)—drift detection — stable promotion; Error Rate (ER)—endpoint-weighted during
rollout; RUM Delta (RD)—Core Web Vitals change versus cohort baseline; SLO Attainment (SA)—fraction of time within
latency/error SLOs; Manual Intervention (MI)—engineering hours/week on coordination; Rollback Efficacy (RE)—MTTR and
false-rollback rate [7], [11], [17], [21], [25], [27].

9.5 Methodology

For each stressor in each system, we ran baseline and ACP trials under identical load profiles. OTel traced requests end-to-end
(browser—gateway—services) and correlated RUM with backend spans. Mesh policies enforced canary and kill-switch behavior;
GitOps enforced change immutability and audit trails. ACP proposals obeyed policy gates and were promoted only when
guardrails (SLO/RUM) were satisfied; otherwise automatic rollback restored the prior state [7], [8], [11], [17], [21], [23], [25], [27].
Autoscaling choices used predictive signals when available (load, saturation, tail latency), falling back to conservative rules when
uncertainty was high [12], [20], [26].
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9.6 Aggregate Results (ACP vs. Baseline)
Across systems and stressors, ACP consistently improved operational outcomes:

e Adaptation Latency: Reduced by roughly one-third on average; faster proposal—verification—promotion cycles due to
automated canarying and policy-safe actions [7], [8], [20], [23], [25], [26].

e  Error Rate During Rollouts: Lower or unchanged; mesh-level retries/timeouts plus staged ramping contained transient
faults [11], [23], [25].

e RUM Delta: Small positive drift (improved) when ACP proposed performance-focused diffs (code-splits, memoization);
negative drifts were caught by guardrails and rolled back before wide exposure [3], [4], [17], [27].

e SLO Attainment: Increased several points via faster mitigation and fewer long-tail degradations [8], [11], [25].

e Manual Intervention: Decreased materially as ACP handled sequencing of flags, canaries, and mesh policies; humans
remained in the loop for high-risk classes [7], [11], [23], [25].

e Rollback Efficacy: Lower MTTR and fewer user-visible incidents due to pre-wired kill switches and trace-aligned
guardrails [11], [17], [21], [25], [27].

9.7 Case Study 1 — Pricing Schema Evolution (React PDP + Angular Cart)

A field rename in pricing-v2 broke PDP rendering and Cart calculations. Baseline: teams created ad-hoc mappers and
coordinated staggered deploys; several partial rollouts caused intermittent 4xx/5xx and Ul errors until convergence. ACP:
contract drift was detected from OTel payload shapes and failing contract tests; the release agent proposed an adapter and a Ul
DTO mapper; the policy gate approved a low-risk plan; mesh routed 5% canary trafficc RUM guardrails held; promotion
completed without broad user impact. Manual effort dropped because ACP generated the shim plan and coordinated the cross-
layer rollout [11], [14], [15], [16], [22], [25], [27].

9.8 Case Study 2 — Dashboard Micro-Frontend Performance Regression

A merged feature increased dashboard bundle size, pushing LCP beyond budget for analytics cohorts. Baseline: manual triage
delayed mitigation; flags were rolled back late. ACP: the UX/contract agent detected RD breach via RUM, proposed code-split
and lazy-load diffs, and orchestrated a flag rollback while a performance PR was prepared. Canary to 10% confirmed LCP
recovery; promotion proceeded. The combination of micro-frontend patterns and automated progressive delivery avoided
prolonged UX degradation [3], [4], [7], [11], [17], [21], [27].

9.9 Case Study 3 — Query Hotspot and Multi-Cloud Failover

A workload skew hammered the query service; later, a primary-region outage forced a failover. Baseline: static thresholds led to
slow scale-out and manual mesh edits; failover incurred prolonged tail-latency. ACP: predictive autoscaling pre-warmed
capacity; mesh shifted traffic with circuit breaking and retries; guardrails prevented over-promotion while caches warmed. During
failover, ACP limited blast radius via zone/region scoping, then ramped steadily as SLOs recovered. MTTR and user impact were
both reduced [7], [11], [20], [23], [25], [26].

9.10 Ablations and Sensitivity

¢ No scaling agent (rules only): Slower mitigation and more tail-latency outliers under skewed load [12], [20], [26].

e No release/LLM agent (manual diffs): More coordination toil and longer adaptation latency, especially for cross-layer
changes [7], [11], [23].

e No policy guardrails: Faster ramps but more rollbacks and near-miss incidents; policy remained essential for safe
autonomy [7], [8], [11], [25].

e Aggressive vs. conservative canaries: Aggressive ramps helped in stable environments but risked transient UX dips; ACP
defaulted to conservative ramps unless prior evidence supported bolder settings [11], [23], [25].

9.11 Threats to Validity

Internal validity. While we standardized load and tooling, local service boundaries and team practices can influence outcomes
[11, [2], [11]. External validity. Results may vary with domain complexity, coupling structure, and API evolution practices [3], [4],
[15], [16], [22]. Construct validity. RUM and SLO selections emphasize user-visible performance and reliability; other domains
may weigh cost-or energy-centric objectives more heavily [7], [8], [23], [24], [25].
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9.12 Replicability Notes

All configurations were declarative (GitOps) with mesh and OTel as common substrate; the same methodology—trace-aligned
guardrails, staged flags, canary gates, and policy checks—can be applied to other estates with minimal glue code [7], [11], [17],
[21], [25], [27].

10. Challenges and Limitations

10.7 Reliability and Safety

LLMs can produce syntactically correct yet semantically risky diffs [23], [26]. We mitigate with contract tests, sandboxed staging
validation, conservative canaries, and mandatory guardrails. RL policies may exploit reward gaps; we penalize rollback and
incorporate UX-aware terms [21], [22].

10.2 Explainability and Trust
Operators need to understand “why” an action occurred. The ACP logs a natural-language rationale, key metrics, and
before/after diffs; it attaches saliency on features driving RL decisions; it links to contract test artifacts for transparency [24], [25].

10.3 Scale and Coordination
Large estates require hierarchical agents to avoid state/action explosion. The superintendent agent arbitrates when MF and
backend agents propose conflicting actions, optimizing a governance objective that blends SLO, cost, and risk [18], [21].

10.4 Data Drift and Continual Learning
Workloads evolve; models can stale. We apply drift detection to model inputs, scheduled retraining on fresh traces, and shadow
modes for new policies before activation [19], [22].

10.5 Organizational Readiness and Compliance
Agent autonomy intersects with change windows, separation of duties, and auditability. GitOps histories, policy approvals, and
role-based constraints are essential for regulated domains [19], [20].

11. Future Directions

11.1 Rigorous, Repeatable Benchmarking

Future work should standardize evaluation protocols for agent-driven changes across micro-frontends and microservices:
common workloads, drift scenarios (schema, performance, rollout sequencing), and a shared metrics kit that correlates browser
experience with backend behavior. Consolidating trace, metric, and log semantics will make cross-study comparisons meaningful
and reproducible [7], [11], [17], [21], [25], [27].

11.2 Provably Safe Autonomy Under Policy

Moving beyond heuristic gates, the control system should advance toward policy synthesis with machine-checkable
preconditions and postconditions for typical adaptations (rollouts, rollbacks, scaling, contract shims). The aim is to guarantee
safety envelopes—what actions are allowed, when, and at what blast radius—while preserving operator override and auditability
(7], (8], [11], [25].

11.3 Learning to Orchestrate Multiple Agents

Coordination among specialized planners (release, scaling, compatibility) remains an open challenge. Future research should
explore arbitration strategies that learn from outcomes and context—deciding when to prioritize performance, reliability, or
cost—and that adapt over time as systems, traffic, and risk profiles evolve [20], [23], [24].

11.4 Cost- and Latency-Aware Scaling with Uncertainty

Next-generation scaling should blend predictive signals (load, saturation, queuing, tail latency) with explicit uncertainty handling
and conservative fallbacks. The objective is to reduce both over-provisioning and brownouts, while validating scaling changes
through the same staged delivery gates used for code and configuration [12], [20], [26], [25], [11].

11.5 Contract Evolution as a First-Class Discipline

There is room to systematize “compatibility-first” evolution: generating temporary adapters automatically, proving that changes
remain safe for current consumers, and retiring shims at the right moment. Tooling should tie together versioned contracts,
consumer tests, and real traffic evidence to minimize breaking-change risk [14], [15], [16], [22].
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11.6 Deeper Trace-Experience Correlation

Future platforms should treat user experience signals and distributed traces as a single diagnostic fabric, enabling precise
attribution from a browser cohort’s regression back to an endpoint, version, or rollout step. This includes unifying synthetic
checks with real-user telemetry for earlier detection and faster mitigation [17], [21], [27].

11.7 Micro-Frontend Governance at Scale

As the number of independently deployable fragments grows, governance must mature: enforcing asset budgets, constraining
shared libraries to prevent hidden coupling, and detecting composition anti-patterns early. Codified rules and pre-merge checks
can keep interfaces fast, secure, and evolvable without central bottlenecks [3], [4], [18].

11.8 Resilience Engineering and Progressive Delivery

Automated failure drills (fault injection, dependency blackouts, network perturbations) should be integrated into routine rollouts
so rollback paths and kill-switches are continuously verified. Post-incident learning can be fed back into guardrails and
promotion criteria to reduce repeat events and lower time to recovery [11], [25], [19], [23].

11.9 Human-in-the-Loop Experience and Governance

Operator tools should surface concise rationales—what changed, why now, and the supporting evidence—so approvals are fast
and informed. Future work can refine decision ergonomics: which signals matter most for specific change types, how to
summarize risk, and how to design defaults that keep experts focused on the highest-impact decisions [7], [8], [11].

11.10 Secure Delivery and Supply Chain Verification

Security controls should be expanded so every artifact and configuration change carries verifiable provenance, is checked before
promotion, and is trace-linked to the originating change and approval. Continuous verification within pipelines and the mesh will
harden the path from source to production without slowing safe releases [7], [11], [25].

11.11 Multi-Region and Multi-Cloud Portability

Control policies and promotion logic should be portable across regions and providers, with locality-aware limits that prevent
synchronized risks. Future designs can further separate global policy from regional execution to improve containment,
sovereignty alignment, and graceful degradation under partial control-plane failures [5], [11], [25].

11.12 Reference Blueprints and Templated Rollouts

Publishing end-to-end blueprints—declarative policies, promotion templates, and compatibility playbooks—will help teams
adopt the approach without bespoke glue. Templates should encode best practices for feature introduction, performance fixes,
schema migrations, emergency rollbacks, and post-promotion verification [7], [11], [25].

11.13 Privacy-Preserving Observability

As experience and trace data become richer, future work should strengthen data minimization and redaction by default, keeping
sensitive fields out of telemetry while preserving diagnostic power. Clear boundaries between metadata and content will support
regulated environments without undermining evidence quality [17], [21], [27].

11.14 Organizational Design and Readiness

Finally, the effectiveness of agent-guided change depends on team topology and ownership. Future studies should examine how
stream-aligned teams, clear contract ownership, and escalation paths influence rollout speed, quality, and safety—and how
training and playbooks can reduce coordination load at scale [5], [11].

12. Conclusion

We presented an Agentic Al framework that autonomously coordinates the evolution of React)S/Angular micro-frontends and
microservices under explicit SLOs and governance. By combining RL policies, LLM-based code synthesis, and policy-gated
progressive delivery with strong observability, the ACP reduces adaptation latency, error exposure, and human toil relative to
mature DevOps baselines. Our empirical study indicates consistent improvements across e-commerce, SaaS, and multi-cloud
scenarios.

Practical Implications. Teams can adopt the ACP incrementally: begin with recommendation-only mode; wire GitOps and
observability; enforce policy guardrails; and pilot a small set of adaptations (e.g., scaling, simple Ul toggles). As trust grows,
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expand to code diffs and cross-layer rollouts. The architecture leverages existing cloud-native tooling, enabling near-term ROI
without wholesale platform replacement.
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