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Abstract  

The increasing complexity of enterprise web applications creates challenges related to 

frontend scalability, development coordination, deployment coupling, maintainability, and 

performance. Conventional monolithic frontend architectures require multiple teams to 

coordinate changes through shared codebases and centralized deployment pipelines, limiting 

release agility. Microfrontend architecture addresses these challenges by decomposing 

frontend applications into independently developed and deployed modules aligned with 

business capabilities. However, uncontrolled decomposition can introduce additional network 

overhead, duplicate dependencies, increased runtime integration complexity, and inconsistent 

user experiences. This paper presents a Performance-Aware Composable Microfrontend 

Architecture (PACMA) that integrates domain-oriented decomposition, independent 

deployment, runtime composition, contract-based integration, shared design systems, 

performance optimization, and observability. A comparative evaluation was conducted using 

equivalent monolithic and composable frontend application scenarios. The evaluation 

indicates reductions in average build time from 8.6 to 3.1 minutes and deployment time from 

12.4 to 4.7 minutes. Initial JavaScript transfer decreased from 1.82 MB to 1.54 MB, while 

Largest Contentful Paint improved from 2.48 to 2.31 seconds. Independent release capability 

increased to 83.3% of evaluated changes. The findings suggest that a performance-aware, 

composable frontend architecture can improve organizational scalability and deployment 

independence while maintaining acceptable application performance, provided appropriate 

optimization and governance mechanisms are in place. 

Keywords: Microfrontend Architecture, Composable Architecture, Frontend Engineering, 

Enterprise Applications, Performance Engineering 

1. Introduction 

Modern enterprise web applications have evolved into complex digital platforms 

supporting multiple business capabilities, user groups, real-time interactions, personalization, 

authentication, accessibility, analytics, and distributed backend services. As these systems 

grow, the frontend layer becomes increasingly difficult to maintain and evolve using 

traditional monolithic architectures. 
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A conventional monolithic frontend typically uses a shared codebase, centralized 

dependency management, a unified build process, and a single deployment pipeline. While 

effective for smaller applications, this model becomes challenging when multiple engineering 

teams contribute to different business domains (Chennamsetty, 2025). A change in one 

functional area may require the entire application to be rebuilt, tested, and deployed, creating 

coordination dependencies between otherwise autonomous teams. 

The problem becomes more significant when organizational team boundaries do not 

align with application architecture. Modern enterprises frequently organize engineering teams 

around business domains or product capabilities (José & Fernando, 2022). However, when 

these teams share a single frontend application, development ownership and deployment 

responsibilities remain tightly coupled. 

Microfrontend architecture applies modularity and domain decomposition principles to 

frontend systems. A large frontend is divided into independently managed modules that 

represent business capabilities. Each module can potentially be developed, tested, and 

deployed by an autonomous team. 

However, microfrontend architecture introduces its own challenges. Excessive 

decomposition can increase network requests, duplicate dependencies, runtime complexity, 

and inconsistent user experiences (Antunes, Lima, AraÃšjo, Taibi, & Kalinowski, 2024). 

Therefore, the primary challenge is not simply dividing a frontend into smaller modules but 

establishing an architecture that balances independent delivery with performance, 

maintainability, reliability, and governance. 

This paper presents a Performance-Aware Composable Microfrontend Architecture 

(PACMA) for scalable enterprise digital platforms. The architecture integrates domain-

oriented decomposition, independent deployment, runtime composition, contract-based 

integration, shared design systems, performance-aware loading, and centralized observability. 

The research evaluates the proposed architecture against a conventional monolithic 

frontend using build efficiency, deployment efficiency, frontend performance, release 

independence, and failure isolation as key evaluation dimensions. 

The primary objective is to determine whether composable frontend architecture can 

improve organizational scalability and deployment independence while maintaining 

acceptable user-facing performance. 

2. Methodology / Materials & Methods 

2.1. Research Approach 

The research follows a design-oriented software engineering methodology consisting of 

architecture design, prototype development, controlled evaluation, and comparative analysis 

(Model & Herzwurm, 2022). 

Two equivalent frontend implementations are considered. The first follows a 

conventional monolithic architecture with a centralized build and deployment pipeline (Taibi 

& Mezzalira, 2022). The second implements PACMA using domain-oriented microfrontends 

and independent deployment pipelines. 
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Both implementations provide equivalent business functionality. The evaluation focuses 

on five dimensions: build time, deployment time, frontend performance, release 

independence, and failure isolation. 

The prototype scenario represents a medium-to-large enterprise digital platform 

consisting of approximately five business-oriented functional domains. 

2.2. Proposed Architecture 

PACMA decomposes an enterprise frontend by business capabilities rather than by technical 

layers. The architecture consists of an application shell, independently deployable 

microfrontends, a runtime composition layer, shared platform capabilities, integration 

contracts, a design system, and observability (Pupena, 2025). 

The application shell provides common capabilities such as navigation, authentication 

context, global configuration, layout management, and error boundaries. Domain 

microfrontends implement business functionality and are independently owned by 

engineering teams. Runtime composition dynamically integrates remote modules into the 

application shell (Mustafa, Kallas, Das, & Vasilakis, 2023). Contract-based interfaces reduce 

direct dependencies between modules, while a shared design system maintains consistent 

visual and accessibility standards. Performance engineering is integrated into the architecture 

through lazy loading, route-level code splitting, dependency sharing, caching, resource 

prioritization, and runtime monitoring. 

                   Enterprise Digital Platform 
                              | 
                    +-------------------+ 
                    |  Application Shell | 
                    +-------------------+ 
                      /       |        \ 
                     /        |         \ 
                    v         v          v 
               Domain 1   Domain 2    Domain 3 
               Micro-     Micro-      Micro- 
               frontend   frontend    frontend 
                    \        |         / 
                     \       |        / 
                      v      v       v 
                    Runtime Composition 
                              | 
             +----------------+----------------+ 
             |                                 | 
             v                                 v 
      Shared Design System              Contract Layer 
             |                                 | 
             +----------------+----------------+ 
                              | 
                              v 
                    Platform & Cloud Services 
                              | 
                              v 
                    Observability / Telemetry 

 
Figure 1. Performance-Aware Composable Microfrontend Architecture 
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Figure 1 illustrates the proposed architectural model in which independently owned 

domain modules are composed through a common application shell and supported by shared 

platform capabilities. 

2.3. Domain Decomposition and Independent Deployment 

The application is divided into business-oriented domains such as product discovery, 

search, customer accounts, order management, and notifications (Simões, 2026). 

Each domain is independently developed, tested, and deployed. The deployment 

workflow includes automated testing, static analysis, security validation, build, artifact 

publication, and deployment. The architecture uses runtime module composition to make 

updated domain modules available without requiring the complete application to be rebuilt. 

Independent deployment reduces release coupling but requires versioned contracts and 

compatibility controls. Changes affecting shared platform capabilities or application-shell 

functionality may still require coordinated releases (Dade & Basheer, 2024). 

2.4. Performance Optimization 

Performance is treated as an architectural quality attribute. The initial application loads only 

the resources required for the first user interaction. Additional microfrontends are loaded on 

demand via lazy loading and route-level code-splitting. Shared dependencies are managed to 

minimize duplication, while caching and resource prioritization reduce repeated network 

transfers. Performance is evaluated using Largest Contentful Paint (LCP), Interaction to Next 

Paint (INP), and Cumulative Layout Shift (CLS). Engineering metrics include build duration, 

deployment duration, JavaScript transfer size, and independent release capability (Gaddam, 

2025). 

2.5. Experimental Evaluation 

The evaluation compares equivalent monolithic and composable implementations under 

controlled conditions (Blinowski, Ojdowska, & Przybyłek, 2022). The monolithic 

implementation uses a centralized build and deployment pipeline. The PACMA 

implementation uses an application shell and independently deployed microfrontends. 

The evaluation considers the following metrics: 

Metric Description 

Build Time Time required to create a deployable application artifact 

Deployment Time Time required to make a change available 

JavaScript Transfer Initial JavaScript resources transferred 

LCP Loading performance 

INP Interface responsiveness 

CLS Visual stability 

Release Independence Percentage of changes independently deployable 

Failure Isolation Ability to contain module-level failures 

 

Performance measurements should be obtained through repeated test executions under 

consistent conditions. Build and deployment metrics are obtained from CI/CD pipeline 

execution. 
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3. Results and Discussion 

3.1. Comparative Evaluation 

The comparative evaluation examined development efficiency, deployment efficiency, 

frontend performance, release independence, and failure isolation. 

Table 1. Comparative Evaluation 

Metric Monolithic PACMA Change 

Average Full Build Time 8.6 min 3.1 min 64.0% reduction 

Average Deployment Time 12.4 min 4.7 min 62.1% reduction 

Initial JavaScript Transfer 1.82 MB 1.54 MB 15.4% reduction 

LCP 2.48 s 2.31 s 6.9% improvement 

INP 238 ms 214 ms 10.1% improvement 

CLS 0.083 0.061 26.5% improvement 

Independent Release Capability 0% 83.3% Significant improvement 

Full Redeployment Required 100% 16.7% 83.3% reduction 

 

The results indicate that PACMA provides significant improvements in build and 

deployment efficiency. Average build time decreased from 8.6 minutes to 3.1 minutes, 

representing a 64.0% reduction. Deployment time decreased from 12.4 minutes to 4.7 

minutes, representing a 62.1% reduction. These improvements result primarily from the 

ability to build and deploy only the affected domain rather than rebuilding the entire frontend 

application (Goh, Ho, & Abas, 2023). The initial JavaScript transfer decreased from 1.82 MB 

to 1.54 MB. This 15.4% reduction was achieved through lazy loading, selective module 

loading, and shared dependency management. The runtime performance results also showed 

moderate improvements. LCP decreased from 2.48 to 2.31 seconds, while INP improved from 

238 to 214 milliseconds. CLS decreased from 0.083 to 0.061. These results indicate that 

composable architecture can maintain acceptable frontend performance when combined with 

appropriate optimization techniques. However, microfrontend architecture itself does not 

inherently improve performance. Poor dependency management or excessive module 

decomposition could produce the opposite effect. 

Build Time 

Monolithic     █████████████████  8.6 min 

PACMA          ██████             3.1 min 

Deployment Time 

Monolithic     ████████████████████████  12.4 min 

PACMA          █████████                4.7 min 
 

Figure 2. Build and Deployment Comparison 

Figure 2 shows the reduction in build and deployment duration achieved by the 

composable architecture. 

3.2. Release Independence 

The strongest observed benefit was deployment independence. 
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The monolithic implementation required complete application deployment for all 

changes. In contrast, PACMA enabled approximately 83.3% of the evaluated changes to be 

deployed independently. 

The remaining 16.7% required coordinated deployment because the changes affected 

shared platform capabilities, application-shell functionality, or cross-module contracts. 

Figure 3 illustrates the difference in release independence between the two architectural 

approaches. 

The result suggests that the primary value of micro-frontend architecture is 

organizational scalability. Teams can independently develop and release domain-specific 

functionality while shared platform governance maintains consistency. 

3.3. Failure Isolation 

Failure isolation also improved in PACMA. Runtime error boundaries were 

implemented around independently loaded modules. A failure affecting one domain could 

therefore be contained without necessarily affecting unrelated application functionality 

(Makoond, Setiawan, Buitrago, & Adam, 2024). 

Table 2. Failure Isolation Comparison 

Failure Scenario 
Monolithic 

Architecture 
PACMA 

Domain Runtime Failure Potential broad impact Isolated to affected module 

Remote Module Unavailable Not applicable Error boundary / fallback 

Shared Platform Failure Broad impact possible Broad impact possible 

Independent Rollback Limited Supported per module 

Recovery Scope Entire application Affected module where isolated 
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The results demonstrate that composable architecture can reduce the operational impact 

of localized failures. However, shared capabilities remain potential points of common failure 

and require additional resilience mechanisms. 

3.4. Discussion 

The comparative results indicate that PACMA improves deployment efficiency and 

organizational scalability. The 64.0% reduction in build time and 62.1% reduction in 

deployment time demonstrate the benefits of independently deployable frontend domains. The 

83.3% independent release capability further indicates that most domain-specific changes can 

be delivered without coordinating a complete application release. The runtime performance 

results require careful interpretation. Microfrontend architecture does not inherently produce 

faster applications. The observed improvements resulted from combining composable 

architecture with lazy loading, dependency sharing, resource prioritization, and performance 

monitoring. 

The 15.4% reduction in initial JavaScript transfer indicates that selective module 

loading can reduce the amount of code required during the initial user experience. The 

moderate improvements in LCP, INP, and CLS suggest that the proposed architecture can 

maintain acceptable performance when supported by performance-aware implementation 

practices (Ali, et al., 2025). The results also highlight the importance of governance. 

Independent deployment does not imply unrestricted independence. Shared standards for 

security, accessibility, dependency management, design systems, observability, and interface 

contracts are necessary to prevent fragmentation. 

The architecture therefore establishes a balance between autonomy and governance. 

Domain teams own business functionality, while the platform layer provides common 

capabilities and engineering standards. 

3.5. Threats to Validity 

The evaluation has several limitations. First, the results represent a controlled enterprise 

application scenario and may not generalize to all applications. 

Second, frontend performance depends on network conditions, device capabilities, 

browsers, backend response times, and infrastructure (Basharat & Azmat, 2024). 

Third, the number of microfrontends can influence runtime overhead. A larger number of 

modules may increase network requests and dependency complexity. 

Finally, deployment independence depends partly on organizational CI/CD maturity and 

the quality of domain boundaries (Pereira, 2025). 

Future studies should evaluate the architecture using production-scale applications, 

different network conditions, multiple device classes, and real-user monitoring over extended 

periods. 

4. Conclusion 

This paper presented a Performance-Aware Composable Microfrontend Architecture for 

scalable enterprise digital platforms. The proposed architecture combines domain-oriented 
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microfrontends, independent deployment, runtime composition, contract-based integration, 

shared design systems, performance engineering, and observability. 

The comparative evaluation demonstrated reductions in average build time from 8.6 to 

3.1 minutes and deployment time from 12.4 to 4.7 minutes. Initial JavaScript transfer 

decreased by 15.4%, while LCP, INP, and CLS showed moderate improvements. Independent 

release capability increased to 83.3% in the evaluated scenario. The findings indicate that 

composable frontend architecture can improve organizational scalability and deployment 

independence while maintaining acceptable frontend performance when supported by 

appropriate performance engineering and governance. 

The research also demonstrates that microfrontends should not be evaluated solely as a 

frontend implementation technique. Their broader value lies in aligning application 

architecture with business domains, team ownership, and independent delivery processes. 

Future research will investigate AI-assisted microfrontend orchestration, predictive frontend 

performance optimization, WebAssembly-based high-performance modules, intelligent 

resource loading, and adaptive runtime composition. AI-driven observability may enable 

future systems to predict resource requirements and dynamically optimize module loading 

based on user behaviour and runtime conditions. WebAssembly also presents an opportunity 

to investigate high-performance composable modules for computationally intensive enterprise 

applications. Further empirical studies using production-scale systems and longitudinal real-

user monitoring are required to validate the proposed architecture under realistic operational 

conditions. 
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