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AHoTanisa

Iybnixayiss docniodcye egpexmusHi nioxoou 0o inmeepayii eenuxux MmosHux mooeneu (LLM) y eeO-0odamku,
nobyooeani Ha 6aszi ¢peiimeopky Java Spring Boot. 30iiicneno ananiz apximexmypHux namepHie O0si 2enepayii
OUHAMIYUHO20 KOHMEHMY ma MeKCmosux NOACHEeHb V) PeanbHOMY ddci. Bcmanoeneno, wo UKOpUCMAanHs ACUHXPOHHOL
83aemo0ii uepez REST API na pisui cepgicnozo wiapy 0036075€ OnmuMizy8amuy 4ac 6i02yKy cucmemu ma YHUKHYymu
010Ky8aHHA OCHOBHO20 nomoky. Taxuul nioxio 3abe3neyye 8UCOKY Macuimabosanicms ma HAdiHIiCMb Npu po3pooyi
CYUACHUX THMENeKMYATbHUX CUCTEM.

Kuaro4doBi cioBa: mITydHWi iHTENEKT, BENWKI MOBHI MOJENi, TeHEpamlis KOHTEHTY, apXiTeKTypa IpOTrpaMHOrO
3abe3neueHHs, Java, Spring Boot, REST API.

Abstract

The publication explores effective approaches to integrating Large Language Models (LLMs) into web applications
built on the Java Spring Boot framework. An analysis of architectural patterns for generating dynamic content and real-
time text explanations is carried out. It is established that using asynchronous communication via REST APIs at the
service layer level optimizes the system's response time and prevents main thread blocking. This approach ensures high
scalability and reliability when developing modern intelligent systems.

Keywords: artificial intelligence, large language models, content generation, software architecture, Java, Spring Boot,
REST APIL

Introduction

The rapid advancement of Artificial Intelligence (Al) has fundamentally changed the landscape of modern
web development. Integrating Large Language Models (LLMs) into standard web applications is no longer an
experimental feature but a core requirement for projects aimed at delivering personalized user experiences,
automated predictions, and dynamic contextual explanations [1]. The Java ecosystem, particularly the Spring
Boot framework, remains a dominant force in backend development due to its robustness and extensive
ecosystem [2]. The primary challenge developers face today is establishing an efficient, non-blocking
architectural bridge between the deterministic environment of a Spring Boot backend and the probabilistic,
often latency-prone nature of third-party Al APIs.

Research results

Integrating an LLM into a typical Spring Boot application requires a clear separation of concerns to prevent
system degradation. Direct, synchronous calls to external Al services within the main HTTP request thread
often lead to significant performance bottlenecks, as generating a detailed text explanation via Al can take
several seconds [3].

To mitigate this, a multi-layered architectural approach is recommended. First, the application should
implement a dedicated "Al Service Layer" responsible solely for constructing prompts and communicating
with the LLM API (e.g., via Spring WebClient). This layer must isolate the external dependency, ensuring that
if the Al service experiences downtime, the core application functionality remains accessible.



Secondly, for generating complex predictions or lengthy explanations, an asynchronous pattern using
@Async in Spring Boot [4], coupled with message queues (like RabbitMQ) or WebSockets, proves to be the
most efficient. When a user requests an Al-generated explanation, the backend immediately returns a
confirmation response and processes the Al request in the background. Once the external LLM returns the
generated text, the application updates the database and notifies the client via WebSocket or Server-Sent
Events (SSE). This pattern not only improves the perceived performance of the system but also allows for
better error handling and retry mechanisms without frustrating the end user [3].

Conclusion

The conducted analysis demonstrates that directly coupling Al integration logic with standard synchronous
request-response cycles in Java Spring Boot applications is suboptimal. Implementing a dedicated,
asynchronous service layer for LLM interactions ensures system resilience, optimizes resource utilization, and
provides a seamless user experience when generating dynamic content. As Al components become standard
in web development, adopting these non-blocking architectural patterns will be crucial for maintaining high-
performance backend systems.
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