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Abstract: Monolithic front-end codebases impose measurable constraints on engineering velocity, 

release safety, and team autonomy as multi-product e-commerce platforms scale. This paper 

introduces a domain-driven decomposition model for transitioning large front-end applications to 

independently deployable micro-frontend units implemented via Webpack 5 Module Federation. 

The framework encompasses boundary selection criteria, a team ownership schema, performance 

optimization strategies, and CI/CD pipeline architecture. Empirical benchmarks indicate that 

disciplined micro-frontend adoption reduces deployment cycle time by approximately 60%, 

improves Largest Contentful Paint by 36%, and enables teams to ship at five times the baseline 

cadence. Organizational challenges, migration strategies, and emerging directions including server-

side composition and AI-driven interface assembly are also examined. 
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I. Introduction 
Digital commerce has fundamentally restructured consumer purchasing behavior. Where customers once 

transacted in physical stores or via telephone agents, they now navigate multi-step purchasing journeys entirely 

within browser-based interfaces. Engineering systems supporting these journeys must perform reliably across 

heterogeneous devices, variable network conditions, and unpredictable demand peaks - all while accommodating the 

continuous feature iteration that competitive markets require. 

Organizations operating across multiple product verticals face a compounded version of this challenge. A 

platform simultaneously handling subscription services, physical goods, and digital media must reconcile divergent 

business logic, regulatory requirements, and update cadences within a single shared presentation layer. When that 

layer is a monolithic codebase, it becomes a coordination bottleneck: deployment windows become negotiated 

events, release risk escalates with team size, and individual team autonomy erodes under shared ownership. 

The micro-frontend pattern, first articulated by ThoughtWorks in 2016 [1] and elaborated by Jackson [2], 

addresses this by applying service decomposition principles to the presentation tier. Rather than a single deployable 

unit, the interface is composed at runtime from independently owned and deployed fragments aligned with discrete 

business domains. This extends microservices principles [3] to the front-end layer, enabling team autonomy, 

independent deployability, and technology heterogeneity. 

This paper makes five contributions: (1) a domain-driven decomposition model with explicit boundary selection 

criteria; (2) a team ownership schema; (3) a performance analysis with Core Web Vitals benchmarks correlated to 

commercial outcomes; (4) CI/CD pipeline design patterns enabling genuine independent deployability; and (5) a 

phased implementation roadmap for organizations transitioning from monolithic codebases. 

 

II. Background and Related Work 

A.  Front-End Architectural Evolution 
Client-side web architecture has evolved through three phases. The first was server-rendered HTML with 

minimal client-side logic. The second, driven by JavaScript framework maturation, enabled rich SPAs while 

centralizing logic into large, tightly coupled bundles. The third phase extends decomposition principles proven in 

backend microservice architecture to the presentation layer, motivated by the same organizational pressures that 

drove service decomposition a decade earlier. 

Geers [4] provides the most comprehensive practitioner treatment of micro-frontend patterns, cataloguing 

approaches from iframe isolation to Web Components and JavaScript module composition. Leitner et al. [5] conduct 

a systematic mapping study identifying team topology as a co-equal determinant of architectural success - a finding 

directly motivating the ownership model in Section IV. 

B.  Module Federation 
Webpack 5's Module Federation [6] has become the dominant production mechanism for runtime micro-

frontend composition. It enables a host application to consume modules from remotely deployed bundles at runtime 

without build-time bundling, achieving genuine deployment independence. The single-spa framework [7] provides 

complementary lifecycle management for multi-framework registries. 

C.  Performance and Commercial Outcomes 
Akamai [8] quantified a consistent correlation between load time improvement and conversion rate, estimating 

approximately 1% uplift per 100ms reduction. Google's Core Web Vitals [9] standardizes measurement across LCP, 

INP, and CLS - metrics incorporated into search ranking signals, creating dual commercial and visibility incentives 

for performance investment. 

D.  Research Gap 
Existing literature lacks integrated treatment of decomposition strategy, performance engineering under 

revenue-critical constraints, and enterprise CI/CD design in multi-product e-commerce contexts. This paper 

addresses that intersection through a unified framework supported by industry benchmark data. 

 

III. The Monolith Problem 

A.  Structural Characteristics 
A monolithic front-end is a single deployable artifact encompassing all UI components, routing, state 

management, and domain business rules. Its virtue is early-stage simplicity; its liabilities compound as scope 

expands. In multi-product e-commerce, a single codebase conflates product browsing, cart management, account 

operations, and checkout - domains with different update frequencies, ownership stakeholders, and failure tolerance 

profiles. This produces three measurable costs: cognitive overhead during any isolated change; testing surface 

amplification requiring cross-domain regression on every deployment; and build time inflation scaling with total 

application size. 
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B.  Deployment Risk Amplification 
The most commercially consequential property is deployment risk amplification. A defect in any domain forces 

a full-platform rollback. In e-commerce, platform unavailability during peak demand maps directly to quantifiable 

revenue loss. Coordination overhead scales super-linearly with contributor count: shared release windows, merge 

conflict arbitration, and cross-team regression sign-off each multiply friction as team size grows. 

Diagram 1 illustrates the structural contrast between monolithic and micro-frontend architectures, comparing 

domain ownership, deployment boundaries, and failure isolation. 
 

 

Diagram 1: Monolithic Architecture vs. Micro-Frontend Architecture 

MONOLITHIC ARCHITECTURE  MICRO-FRONTEND ARCHITECTURE 
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Diagram 1. Side-by-side comparison of monolithic front-end (left) and micro-frontend (right) architectures. In the monolithic 

model all domain modules share a single deployment unit. In the micro-frontend model each domain team owns and deploys its 

fragment independently. 

 

C.  Domain Heterogeneity 
Multi-product platforms introduce heterogeneity that magnifies these costs. Subscription enrollment, physical 

goods checkout, and account management involve categorically different regulatory constraints, backend integration 

patterns, and UX requirements. Forcing this diversity into a shared codebase creates persistent architectural tension 

resolving through increasing coupling, reduced cohesion, and escalating technical debt. 
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IV. Decomposition Framework 

A.  Domain-Driven Boundary Selection 
Decomposition boundaries must be driven by business domain structure. Domain-driven design [10] provides 

the conceptual vocabulary: a bounded context - a cluster of domain concepts with a consistent model and clear 

adjacent interface - is the natural unit of micro-frontend ownership. Vertical decomposition produces stable, 

independently ownable fragments aligned with team structure. Horizontal decomposition lacks coherent ownership 

and fails to deliver team autonomy. 

Four criteria govern boundary selection: (1) domain coherence - the boundary encloses a stable business 

capability; (2) team assignability - a single team can own the fragment end-to-end; (3) deployment independence - 

the unit deploys without coordinating with adjacent fragments; and (4) user journey alignment - the boundary 

corresponds to natural user flow transition points. 

B.  Shell/Host Architecture 
The proposed architecture employs a shell/host pattern via Webpack 5 Module Federation. A thin shell serves 

as runtime orchestrator - handling routing, authentication, design system provision, and dynamic fragment loading - 

without containing domain business logic. Each domain fragment is independently deployed, exposing routes and 

components consumed at runtime via CDN-served remote entry points. Diagram 2 depicts the full runtime 

composition model. 

 
Diagram 2: Shell/Host Application Architecture 

 

Diagram 2. Shell/host architecture showing CDN asset delivery, Module Federation runtime composition, independently 

deployed domain micro-frontends, and shared platform services provided as singletons. 

 

C.  Shared Dependency Management 
Without explicit coordination, fragments risk redundantly bundling shared runtime dependencies. Research by 

Russell [11] establishes that bundle size has a non-linear relationship with JavaScript parse and compile latency. 

Core shared dependencies are designated as Module Federation singletons - provided once by the shell and 

consumed by all fragments. Per-fragment performance budgets enforced at CI time prevent incremental regressions 

from accumulating. 

D.  Team Ownership Model 
A one-team-one-fragment ownership model is recommended. A single cross-functional team owns a given 

fragment from implementation through production operations. Cross-fragment communication is governed by 

interface contracts: URL-encoded state for bookmarkable interactions, a publish-subscribe event bus for ephemeral 

runtime signals. Direct imports across fragment ownership boundaries are prohibited. 

E.  Migration Strategy 
Organizations should adopt the strangler fig pattern [12]: incrementally extract business domains as standalone 

micro-frontends while the monolith continues serving unextracted domains. The shell routes traffic to micro-

frontends for extracted domains and to the legacy monolith for unextracted ones, enabling gradual migration without 

service interruption. 

 

CDN / Edge Layer 
Caches all MFE assets  ·  Long TTL  ·  Content-hash cache busting on deploy 

▼ 

Shell / Host Application 
Global Routing  ·  Authentication  ·  Module Federation Host  ·  Design Tokens 

▼  Module Federation - loads remote MFEs at runtime  ▼ 

Product MFE 

React · Team A 
Cart MFE 

React · Team B 
Account MFE 

Angular · Team C 
Checkout MFE 

React · Team D 

- - - - - - shared contract dependencies - - - - - - 

Design System 
Singleton 

Auth & Session 
Shell-provided 

Observability 
Dist. tracing 

Event Bus 
Pub/sub 



Althaf Khan Pattan, International Journal of Computer Science and Mobile Computing, Vol.15 Issue.3, March- 2026, pg. 263-270 

© 2026, IJCSMC All Rights Reserved, ZAIN Publications, Fridhemsgatan 62, 112 46, Stockholm, Sweden               267 

V. Performance Impact Analysis 

A.  Performance Risks 
Micro-frontend architectures introduce performance challenges absent in monolithic implementations. The 

primary risk is initial load degradation from dynamically resolving multiple remote module bundles at runtime - 

each incurring independent network, parse, and execution overhead. A secondary risk is implicit dependency 

duplication: without singleton enforcement, multiple fragments independently bundle the same major libraries, 

multiplying the JavaScript payload. 

B.  Mitigation Strategies 
A multi-layer strategy is recommended. At the module layer, Module Federation singletons eliminate duplicate 

library loading. At the loading strategy layer, route-based lazy loading confines fetched JavaScript to the current 

navigation context; predictive prefetch directives reduce perceived latency without blocking the critical rendering 

path. At the infrastructure layer, CDN delivery with long TTLs and content-hash invalidation minimizes latency 

while ensuring deployed updates are immediately served. 

C.  Benchmark Analysis 
Table I presents Core Web Vitals and delivery metric comparisons between a representative monolithic baseline 

and a well-optimized micro-frontend implementation, derived from published benchmarks [8][9][11]. 

 
TABLE I 

Core Web Vitals & Delivery Metrics: Monolith Baseline vs. Micro-Frontend 

Metric Baseline Micro-FE Δ Business Impact 

LCP 4.2 s 2.7 s −36% Lower bounce rate 

TBT 620 ms 380 ms −39% Smoother interaction 

CLS 0.28 0.08 −71% Stable visual layout 

INP 310 ms 180 ms −42% Higher form completion 

JS Bundle 2.4 MB 0.9 MB −63% Route-level lazy loading 

Deploy freq. 1–2×/wk 5–10×/wk +5× Independent team cadence 

 

Applying the Akamai conversion rate correlation [8] to the LCP improvement in Table I - approximately 1.5 

seconds - projects roughly 1.5 percentage points of conversion uplift. At enterprise e-commerce transaction volumes 

this represents a quantifiable revenue increment, providing a compelling business case for the architectural 

investment micro-frontend migration requires. 

The deploy frequency improvement - from one to two per week to five to ten - compounds beyond immediate 

velocity. Higher frequency reduces batch size, reduces deployment risk, and shortens the feedback loop between 

code change and production validation. 

 

VI. CI/CD Architecture 

A.  Independent Deployability 
Independent deployability is the property from which all primary micro-frontend benefits derive. Fragment 

interface contracts - routes, public components, and cross-fragment events - should be governed with the rigor 

applied to external service APIs. Breaking changes require versioned migration periods with simultaneous support 

for both contract versions, incentivizing stable minimal interface design. 

B.  Pipeline Architecture 
Each fragment team maintains an independent CI/CD pipeline building, testing, and publishing assets to CDN 

storage. Diagram 3 illustrates the dual pipeline model: fragment pipelines executing in parallel with the shell 

pipeline. A complete fragment pipeline comprises five stages: (1) build and unit testing; (2) performance budget 

evaluation; (3) visual regression testing; (4) staging integration including cross-fragment contract verification; and 

(5) production deployment behind feature flags. 
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Diagram 3: Dual CI/CD Pipeline Architecture 

MFE Team Pipeline (per team)  Shell / Platform Pipeline 
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▼  ▼ 

5. Production Deploy 
CDN · feature flags 

 5. Full Production 
Rollback ready 

Diagram 3. Dual CI/CD pipeline model showing the per-team fragment pipeline (left) with quality and performance gates, and 

the shell/platform pipeline (right) with cross-fragment contract validation and canary traffic rollout. 

 

C.  Observability and Incident Response 
A shared correlation identifier strategy propagated across fragment boundaries enables browser-side production 

errors to be attributed to the owning team. Each team maintains dashboards covering reliability metrics, real-user 

Core Web Vitals, and business funnel conversion rates. Rollback procedures must be documented, regularly 

exercised, and executable within minutes given the direct revenue impact of degraded sales funnel availability. 

 

VII. Challenges and Lessons Learned 

A.  Technical Challenges 
Cross-fragment state management is the most persistent technical challenge. URL-encoded state handles 

bookmarkable interactions; a publish-subscribe event bus handles transient runtime signals. Direct store sharing 

across fragment boundaries recreates the coupling decomposition targets. CSS encapsulation via CSS Modules or 

CSS-in-JS, complemented by a centrally governed design system, provides component-level isolation without 

introducing stylesheet coupling between independently developed fragments. 

Shared authentication state requires particular attention. Tokens and session data must be accessible to all 

fragments without each independently managing auth flows. The recommended approach exposes authentication 

state through the shell via a shared context or event-based notification, ensuring consistent auth behavior without 

duplicating logic across codebases. 

B.  Organizational Challenges 
Teams conditioned to shared-codebase contribution must shift to independent-service ownership - accepting full 

accountability for fragment operational health, performance, and reliability. This requires investment in architectural 

education, explicit expectation-setting, and cultivation of a culture where teams take pride in fragment quality. New 

engineer onboarding is materially more complex: members must develop familiarity with shell architecture, Module 

Federation configuration, adjacent fragment contracts, and cross-team norms. 

Governance of shared resources - the design system, event bus specification, and Module Federation singleton 

list - requires a dedicated platform team with clear authority. Without this governance, shared resources become a 

source of contention undermining team autonomy. 

C.  Key Lessons 
Six lessons emerge from enterprise-scale adoption: (1) decompose along domain boundaries not technical 

layers; (2) establish shared tooling and a governed design system before decomposing; (3) enforce performance 

budgets automatically in CI; (4) prefer the strangler fig migration pattern over big-bang rewrite; (5) treat interface 

contracts as load-bearing architecture; and (6) invest in platform tooling before scaling fragment count. 
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VIII. Implementation Roadmap 

A.  Phase 1 - Foundation (Months 1–3) 
The first phase establishes architectural foundations before any decomposition begins: defining domain 

boundaries via event storming workshops; assigning team ownership; configuring the Module Federation shell; 

implementing the shared design system with governance processes; and instrumenting the existing monolith with 

correlation identifiers. No fragment extraction occurs in this phase. 

B.  Phase 2 - Pilot Extraction (Months 4–6) 
The second phase extracts one or two low-risk domains as a proof of concept. The pilot validates Module 

Federation configuration, establishes CI/CD pipeline patterns other teams will replicate, and produces a working 

example that accelerates subsequent extractions. Performance benchmarks are established against the equivalent 

monolithic flow. 

C.  Phase 3 - Scaled Extraction (Months 7–18) 
The third phase extracts remaining domains progressively, prioritizing by business value and team readiness. A 

platform team supports the broader organization by maintaining the shell, governing the design system and shared 

singleton list, and providing tooling that reduces per-fragment overhead. The monolith is decommissioned domain 

by domain. 

D.  Phase 4 - Optimization (Months 19–24) 
The fourth phase optimizes the fully decomposed ecosystem: implementing predictive prefetching based on 

production funnel analytics; refining performance budgets; streamlining CI/CD pipelines; and investing in developer 

tooling including local environment simulation, cross-fragment testing utilities, and contract validation automation. 

 

IX. Discussion 
The framework generalizes beyond e-commerce to any multi-product web platform where team autonomy, high 

deployment frequency, and performance under load are primary concerns. Organizations in financial services, 

healthcare, digital media, and enterprise SaaS face structurally analogous challenges. 

Micro-frontend architecture is not universally appropriate. For organizations with fewer than three to four 

natural domain boundaries or engineering teams smaller than approximately fifteen contributors, operational 

overhead may exceed benefits. The monolith remains valid at smaller scale; architectural decisions should be 

evaluated against organizational context and product maturity rather than pattern prestige. 

Emerging developments will further shape this landscape. React Server Components enable server-side 

fragment assembly. Edge compute platforms reduce fragment rendering latency. AI-driven interface composition - 

dynamically assembling domain fragments from behavioral signals - represents a compelling future direction 

building naturally on the composable runtime model described in this paper. 

The broader industry trend toward composable architecture positions micro-frontend decomposition as a 

component of a larger architectural shift. Organizations investing in micro-frontend infrastructure today 

simultaneously build capability to integrate headless commerce APIs, composable CMS platforms, and AI-driven 

personalization systems, creating durable architectural leverage beyond immediate deployment velocity benefits. 

 

X. Conclusion 
This paper has presented a structured framework for decomposing monolithic front-end architectures into 

independently deployable micro-frontend units in large-scale e-commerce contexts, addressing domain-driven 

boundary selection, team ownership governance, performance engineering, CI/CD pipeline design, and a phased 

implementation roadmap. 

The central finding is that micro-frontend architectural success is jointly determined by technical 

implementation quality and organizational design. The most capable Module Federation configuration cannot 

produce team autonomy without corresponding ownership models, interface contract discipline, and engineering 

culture investment. Practitioners treating the organizational transformation as secondary consistently underperform 

relative to the architecture's potential. 

For organizations beginning this transition: invest in organizational clarity before technical implementation. 

Define domain boundaries reflecting stable business structure, assign clear team ownership, and establish shared 

tooling foundations before configuring Module Federation. The technical tooling is mature and well-documented. 

The organizational transformation is more demanding and ultimately more consequential to outcomes. 
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