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AHoTanis

Mikpogpoumeno-apximexkmypa 0036014€ po3ousamu 8e1uKi MOHOIIMHI 6e0-000aMKU HA MeHULT, He3AIeHCHI MOOYI,
Wo Ccymmeso none2uiye ix po3pooxy, mecmyeaHHs ma macuimabyeanns. Ilpome yeil nioxio cmeopioe HO8I MexHiuHi
BUKIUKLL, 30KpeMa Yy cghepax YnpagiinHsa 2no0anbHumM CMAHOM MA CUHXPOHIZaYil Mapupymusayii Midc i301606aHUMU
Komnonewmamu. Y yiti pobomi posensioaiomvcs epekmugui cmpamezii NOOONAHHA YUX CKIAOHOWIS, BKIIOUAIOYU
deyenmpanizayilo Cmawy, GUKOPUCMAHHS NOOICBO-OPIEHMOBAHOI 63AEMO0ii ma po30inenHs 6i0N0GIOANIbLHOCMI MidiC
obononxoio (shell) ma mikpo-oooamrxamu. Haconouwyemovcsi na HeobOXIOHOCMI 6CMAHOBNICHHS YIMKUX APXIMEKMYPHUX
Medic 011 30epediceHst YLNiCHOCMI KOPUCTY8AYbKO20 00CEIOY.

Kurouosi ciioBa: mikpogpornmenou, 6e6-po3pobra, ynpasiints Cmanom, Mapupymu3ayis, apximekmypa 000amKis,
MacuimaOyeaHHsi.

Abstract

Micro-frontend architecture allows breaking down large monolithic web applications into smaller, independent
modules, significantly facilitating their development, testing, and scaling. However, this approach introduces new
technical challenges, particularly in managing global state and synchronizing routing across isolated components. This
paper examines effective strategies to overcome these complexities, including state decentralization, event-driven
communication, and the separation of concerns between the host shell and micro-apps. The necessity of establishing strict
architectural boundaries to preserve user experience cohesion is emphasized.
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Introduction

The evolution of web development has transitioned from monolithic architectures to modular paradigms.
While microservices revolutionized backend engineering by decoupling complex logic, frontend development
faced a bottleneck known as the "frontend monolith." Micro-frontend (MFE) architecture addresses this by
dividing a single application into isolated, independently deployable modules. Despite its structural
advantages, implementing MFEs in large-scale applications introduces severe technical friction,
predominantly in state synchronization and routing orchestration.

Managing state complexities

In a traditional monolith, global state managers seamlessly distribute data across components. In an MFE
ecosystem, sharing state actively breaks the principle of isolation. If multiple micro-apps depend on a
centralized state store, they become tightly coupled, negating the architectural benefits of independent
deployment. To mitigate this, state must be rigorously compartmentalized.

The host (or shell) application should only manage critical, universally required data — such as
authentication tokens and base user preferences. This data can be distributed via decoupled mechanisms like
the Browser CustomEvent API or a lightweight publish-subscribe (Pub/Sub) event bus. Individual micro-
frontends must rely strictly on local state management for their internal logic, treating other modules as external
APIs rather than shared memory spaces.



Routing orchestration

Routing in MFE architectures presents a dual-layer challenge: the shell application must govern the primary
URL, while individual micro-apps require internal navigation without conflicting with the browser’s History
API. When a micro-app manipulates the browser URL directly, it risks overwriting the shell’s routing state,
causing deep-linking failures, broken browser history (the "back" button issue), and Ul synchronization
anomalies.

The industry-standard resolution involves a hierarchical routing model. The shell level handles overarching
path changes using a Browser Router (e.g., distinguishing between /dashboard and /settings). Simultaneously,
a Memory Router is embedded within each micro-app. This configuration ensures that internal module
navigation updates the specific micro-frontend's view without triggering unauthorized browser URL updates,
maintaining a synchronized and predictable user journey.

Conclusion

The adoption of micro-frontends is not a universal remedy for large-scale application scaling; it is a strategic
tradeoff. By strictly isolating state to prevent coupling and layering routing responsibilities between the shell
and micro-apps, engineering teams can build resilient, highly scalable user interfaces. Ultimately, the success
of an MFE implementation relies not just on the chosen JavaScript frameworks, but on establishing strict
architectural boundaries that prioritize module independence and user experience.
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