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Abstract - Real-time applications are systems designed to 
process continuous streams of data and respond to external 
events within strict and predictable latency constraints. With 
the proliferation of cloud-native platforms, Internet of Things 
(IoT) ecosystems, financial trading systems, and interactive 
web applications, traditional synchronous request–response 
architectures have proven insufficient. This paper presents a 
comprehensive survey of modern approaches to building real-
time applications, focusing on event-driven architectures, 
reactive programming models, stream processing frameworks, 
edge computing and real-time communication protocols. 
Architectural trade-offs, performance characteristics, 
observability requirements, and emerging trends such as edge 
computing are analyzed using formal performance metrics 
and comparative evaluation. Key frameworks and 
methodologies are reviewed in the context of performance, 
scalability, and implementation complexity. 
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1. Introduction 
 
The evolution of real-time computing has extended far 
beyond its origins in embedded and safety-critical systems. 
Contemporary real-time applications operate on an Internet 
scale, supporting millions of concurrent users and 
processing high-velocity data streams in domains such as 
financial markets, smart cities, healthcare monitoring, and 
collaborative digital platforms. These systems must meet 
stringent requirements for low latency, high availability, and 
fault tolerance. Real-time applications have become a 
foundational component of modern digital infrastructure for 
supporting systems that require immediate responsiveness, 
continuous availability, and predictable performance. 

Traditional monolithic architectures and synchronous 
request–response communication models struggle to meet 
the demands of modern real-time workloads. These systems 
rely heavily on blocking input/output operations and tight 
coupling between components, which introduces latency, 
limits scalability, and reduces fault tolerance. As workload 
intensity and concurrency increase, such architecture’s often 
exhibit unpredictable performance degradation, making 
them unsuitable for latency-sensitive applications [2]. To 

overcome these limitations, modern system designers 
increasingly adopt asynchronous, message-driven 
architectures that decouple data producers from consumers. 
This paradigm shift has enabled the widespread adoption of 
event-driven microservices, reactive programming models, 
and distributed stream processing platforms ([1]). 

This paper aims to provide a comprehensive and systematic 
examination of modern approaches to building real-time 
applications. It surveys key architectural paradigms, 
evaluates their performance characteristics using formal 
metrics, and discusses their applicability across different 
domains. 

2. Background and Related Work 

Research on real-time computing has traditionally focused 
on systems with strict timing guarantees, particularly in 
embedded, industrial, and safety-critical environments. Early 
work emphasized deterministic scheduling, worst-case 
execution time analysis, and priority-based task 
management to ensure predictable behavior under 
constrained hardware resources. These approaches were 
effective for closed, single-purpose systems but were not 
designed to scale across distributed, heterogeneous 
environments. 

Early real-time systems focused primarily on deterministic 
scheduling and bound execution times in embedded 
environments. However, these systems often relied on 
tightly coupled components and synchronous 
communication, which limited scalability and fault tolerance 
[1]. While these principles remain relevant, modern real-
time systems emphasize scalability, elasticity, and resilience. 

Recent research highlights the effectiveness of event-driven 
systems and stream processing frameworks in managing 
continuous data flows. Studies demonstrate that decoupling 
producers and consumers improve fault isolation and 
enables independent scaling of system components [2],[3]. 

3. Architectural Paradigms for Real-Time Systems 

Event-Driven Architecture (EDA) decouples components 
through asynchronous event streams, enabling them to react 
as events occur without blocking on synchronous requests. 
This paradigm underpins responsiveness and scalability in 
modern systems by enabling microservices to emit events 
independently, and consume them in real-time via brokers 
like Apache Kafka, RabbitMQ, or Redis Streams. EDA avoids 
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constant polling and supports push-based processing, 
critical in high-volume, low-latency systems such as financial 
trading platforms or live collaboration tools. The primary 
advantages of this architecture include loose coupling and 
independent scaling; asynchronous, non-blocking 
communication; and comprehensive support for event 
sourcing and reactive architectures. The implementation 
introduces significant complexities, most notably in ensuring 
event ordering and consistency, maintaining idempotency 
and fault tolerance, and navigating the inherent difficulty of 
complex debugging within highly distributed environments. 
A typical Kafka-based pipeline consists of producers emitting 
events to partitioned topics, brokers ensuring durability and 
ordering, and consumers processing events independently. 
This design enables horizontal scalability, fault isolation, and 
high throughput while maintaining low latency ([3]) 

Reactive programming provides declarative abstractions for 
managing asynchronous data flows. Systems built using 
reactive principles treat data as continuous streams and 
propagate changes automatically to subscribers. This 
approach minimizes thread blocking, improves 
responsiveness, and enables efficient handling of 
backpressure when event rates exceed processing capacity 
([4]). Reactive models are particularly effective in user-
facing real-time applications such as live dashboards, 
collaborative editing platforms, and streaming analytics 
interfaces. 
 
Stream processing frameworks extend event-driven 
concepts by enabling stateful, continuous computation over 
data streams. Unlike batch processing, which operates on 
static datasets, stream processing systems analyze data in 
motion. Frameworks such as Apache Samza and similar 
platforms support windowing, state management, and fault-
tolerant processing, making them suitable for latency-critical 
workloads such as fraud detection and real-time monitoring 
([4]) 
 
Edge computing introduces a distributed processing layer 
closer to data sources. In edge-based real-time architectures, 
latency-sensitive computation is performed on edge nodes, 
while long-term storage and large-scale analytics are 
delegated to the cloud. This hybrid approach significantly 
reduces network latency and improves resilience in IoT and 
cyber-physical systems  
([6]) 
 

Table -1: Comparison of key real-time communication 
approaches 

Protocol / API Description 
WebSockets Full duplex, persistent connections 

enabling real-time server-to-client 
messaging 
Use Case: Chat, live dashboards 

Server-Sent 
Events (SSE) 

Unidirectional event stream from server to 
client 
Use Case: Real-time feeds, notifications 

MQTT Light weight publish/subscribe protocol for 
resource-constrained devices  
Use Case: IoT devices 

gRPC High-performance RPC with support for 
streaming 
Use Case: Inter-service communication 

 
WebSocket’s enable bidirectional messaging with the server 
and clients, whereas SSE provides efficient, unidirectional 
streams that are useful for event feeds. MQTT is optimized 
for constrained IoT environments, and gRPC is increasingly 
used for high-throughput inter-service streaming. [7] 
 

4. Performance Evaluation and Comparison 
 
4.1 Latency Characteristics 
 
Latency refers to the delay between the arrival of an event 
and the generation of a system response, and it represents a 
fundamental performance constraint in real-time 
applications. In distributed environments, overall latency is 
shaped by factors such as communication overhead, event 
processing time, and coordination among system 
components. 

 
Table -2: Latency Characteristics 

Architecture End-to-End 
Latency 

Jitter Determinism / 
Primary 
Bottleneck 

Monolithic 
REST 100–300 High 

Low / Thread 
blocking, 
serialization 

Microservices 
REST 

80–200 Medium 
Medium / Network 
hops, load balancing 

Event-Driven 
(Kafka) 

20–60 Low 
High / Broker 
partitioning 

Stream 
Processing 

10–40 
Very 
Low 

Very High / State 
checkpointing 

Edge-Based 
Processing 5–20 

Very 
Low 

Very High / Edge 
resource 
constraints 

 

Interpretation: Architectures based on synchronous 
communication, including REST-oriented designs, often 
experience increased and less predictable latency due to 
blocking execution and multiple network interactions, 
particularly as concurrency grows ([1]). Asynchronous, 
event-driven architectures mitigate these limitations by 
decoupling system components and enabling concurrent 
event handling, which leads to lower and more stable 
response times ([2]). 
 
Stream processing platforms further reduce latency by 
operating directly on continuously arriving data and 
maintaining state in memory, while reactive programming 
techniques improve responsiveness through non-blocking 
execution and controlled data flow ([3]). Edge computing 
enhances these benefits by relocating latency-sensitive 



          International Research Journal of Engineering and Technology (IRJET)      e-ISSN: 2395-0056 

                 Volume: 13 Issue: 01 | Jan 2026              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2026, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 3 
 

processing closer to data sources, thereby reducing network-
induced delays ([4]). 

 
4.2 Throughput and Scalability 
 
Throughput describes the volume of events or requests a 
system can process within a given time interval, while 
scalability reflects its ability to sustain or improve 
throughput as workload and resource capacity increase. In 
real-time applications, both metrics are critical for 
maintaining performance under high concurrency and 
fluctuating traffic patterns. 
 

Table -3: Throughput and Scalability Comparison 

Architecture Throughput 
(events/sec) 

Horizontal 
Scalability 

Backpressure 
Support / 
Elastic Scaling 

Monolithic 
REST 

10²–10³ Low No / Limited 

Microservices 
REST 

10³–10⁴ Medium Partial / 
Medium 

Event-Driven 10⁵–10⁶ High Yes / High 
Stream 
Processing 

10⁶+ Very High Native / Very 
High 

Edge-Cloud 
Hybrid 

10⁵–10⁶ High Native / High 

 
Interpretation: Synchronous architectures generally exhibit 
limited throughput scalability due to blocking execution and 
contention for shared resources, which can lead to 
performance degradation as load increases ([1]). In contrast, 
event-driven architectures improve throughput by 
decoupling producers and consumers, allowing independent 
scaling and parallel event processing across distributed 
components ([2]). Stream processing frameworks further 
enhance scalability by partitioning data streams and 
distributing computation across multiple processing nodes. 
Reactive programming models complement these 
frameworks by regulating data flow through backpressure 
mechanisms, ensuring stable throughput even under bursty 
workloads ([3]). Edge-based architecture’s extend scalability 
by offloading processing to distributed edge nodes, reducing 
centralized bottlenecks and improving overall system 
capacity ([4]). 

 
4.3 Fault Tolerance and Reliability 
 
Fault tolerance refers to a system’s ability to continue 
operating correctly in the presence of component failures, 
while reliability measures the likelihood of consistent and 
correct operation over time. In real-time applications, both 
characteristics are essential for ensuring uninterrupted 
service and maintaining predictable performance. 
 
 
 
 

Table -4: Fault Tolerance and Reliability 

Architecture Recovery 
Time (ms) 

Message 
Durability 
/ Failure 
Isolation 

Exactly-Once 
Semantics 

Monolithic 
REST 

500–2000 No / Poor No 

Microservices 
REST 

300–1000 
Partial / 
Moderate 

No 

Event-Driven <100 Yes / High Yes 
Stream 
Processing 

<50 
Yes / Very 
High 

Yes 

Edge 
Computing 

<50 (local) 
Partial / 
High 

Context-
dependent 

 
Interpretation: Traditional synchronous systems often 
exhibit limited fault tolerance, as a single failed component 
or blocking operation can disrupt the entire workflow  
([1]). Event-driven architecture’s enhance resilience by 
decoupling producers and consumers, allowing unaffected 
components to continue processing and enabling rapid 
recovery from failures ([2]). Stream processing frameworks 
provide additional reliability through mechanisms such as 
state checkpointing, replication, and exactly-once processing 
semantics, which safeguard against data loss and processing 
errors. Edge-based architecture’s further improve system 
robustness by distributing computation and reducing 
dependency on a single centralized node, ensuring continued 
operation even under network or cloud service disruptions 
([3]). 

 
4.4 Resource Utilization Efficiency 
 
Resource utilization efficiency evaluates how effectively a 
system uses computational resources such as CPU, memory, 
and network bandwidth to achieve its performance 
objectives. In real-time applications, optimizing resource 
usage is crucial for sustaining high throughput and low 
latency without excessive hardware or energy costs. 

 
Table -5: Resource Utilization Efficiency 

Architecture 
CPU 
Utilization 

Memory 
Footprint 

Network 
Overhead / 
Energy 
Efficiency 

Monolithic 
REST 

Inefficient High High / Low 

Microservices 
REST 

Moderate Medium High / Medium 

Event-Driven Efficient Medium Medium / High 
Stream 
Processing 

Very Efficient Optimized 
Low / Very 
High 

Edge 
Processing 

Efficient Low 
Very Low / 
Very High 
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Interpretation: Synchronous and monolithic architecture’s 
often result in inefficient resource usage due to idle threads, 
blocking operations, and redundant data transfers ([1]). 
Event-driven architectures improve efficiency by enabling 
asynchronous processing and better workload distribution 
across components ([2]). Stream processing frameworks 
further optimize resource consumption through in-memory 
state management and parallel computation, reducing both 
processing delays and network overhead. Edge computing 
extends these benefits by handling latency-sensitive 
workloads locally, minimizing data movement to central 
servers and conserving energy while maintaining 
performance ([3]). 

 
4.5 Complexity and Operational Overhead 
 
Complexity and operational overhead refer to the effort 
required to design, deploy, and maintain a real-time system, 
including development difficulty, runtime management, and 
monitoring. High operational complexity can increase the 
risk of errors and affect system reliability and 
maintainability. 

 
Table -6: Complexity and Operational Overhead 

Architecture 

Typical Use 
Case / 
Development 
Complexity 

Operational 
Complexity 

Observability 
Difficulty 

Monolithic 
REST 

CRUD systems 
/ Low 

Low Low 

Microservices 
REST 

Enterprise 
APIs / 
Medium 

Medium Medium 

Event-Driven 
Real-time 
analytics / 
High 

High High 

Stream 
Processing 

Financial 
systems / 
Very High 

Very High Very High 

Edge-Cloud 
Hybrid 

IoT, smart 
cities / High 

Very High Very High 

 
Interpretation: Monolithic and simple microservice 
architectures generally have lower development and 
operational overhead but lack flexibility and scalability ([1]). 
Event-driven and stream processing architectures, while 
offering higher performance, introduce additional design 
complexity due to asynchronous workflows, distributed 
state management, and fault-tolerance mechanisms  
([2]). Edge-based and hybrid architectures further increase 
operational demands, requiring management of 
geographically distributed nodes and network coordination 
([3]). Despite the increased complexity, these architectures 
provide significant benefits in throughput, latency, and fault 
tolerance, making the trade-offs justifiable for latency-
sensitive and high-scale real-time applications. 

 

5. Observability and Reliability 
 
Observability refers to a system’s ability to provide insights 
into its internal state through metrics, logs, and traces, while 
reliability measures its consistent and correct operation over 
time. Both are critical in real-time applications to ensure 
predictable performance and rapid fault detection. 
Observability is essential for maintaining performance 
guarantees in real-time systems. Due to high concurrency 
and distribution, operators must continuously monitor 
latency, throughput, backlog size, and system health. Modern 
observability stacks integrate metrics collection, distributed 
tracing, and centralized logging. 
 
Frameworks such as OpenTelemetry standardize 
observability instrumentation, enabling consistent 
monitoring across heterogeneous real-time architectures 
and facilitating rapid fault diagnosis ([5]). 

 
5. Application Domains 
 
Real-time architectures are employed across a diverse range 
of application domains, each with distinct performance and 
reliability requirements. Selecting appropriate architecture 
involves balancing domain-specific constraints with system 
capabilities, including latency, throughput, scalability, and 
operational complexity. 

 
Table -7: Suitability Matrix Application Domains 

Domain Preferred 
Architecture 

Key Performance 
Driver 

Financial Trading 
Stream 
Processing 

Ultra-low latency 

IoT Platforms MQTT + Edge Energy efficiency 
Real-Time 
Dashboards 

WebSockets + 
EDA 

Continuous updates 

Online Gaming Reactive + EDA Concurrency 
Healthcare 
Monitoring 

Edge + Streaming Reliability 

 
6. Future Research Directions 
 
The design of real-time applications continues to evolve, 
driven by increasing demands for low latency, high 
throughput, and fault tolerance. Future research is likely to 
focus on integrating edge-native stream processing with 
cloud-based analytics to balance responsiveness and 
computational efficiency ([1]). 
 
Adaptive real-time systems that leverage machine learning 
for workload prediction and resource allocation offer 
promising opportunities to optimize performance under 
dynamic conditions ([2]). Additionally, advancing 
observability frameworks and automated fault-recovery 
mechanisms will be critical for maintaining reliability in 
highly distributed, event-driven systems ([3]). 
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Emerging trends also point toward the development of self-
optimizing architectures capable of dynamically adjusting 
processing pipelines, data flows, and resource allocation in 
response to changing workloads and network conditions 
([4]). These directions aim to enhance the scalability, 
resilience, and efficiency of next-generation real-time 
applications. 

 
7. Conclusion 
 
Modern real-time applications demand architectures that 
can deliver low latency, high throughput, and robust 
reliability across distributed and heterogeneous 
environments. Event-driven, reactive, and stream processing 
paradigms provide effective solutions by enabling 
asynchronous communication, parallel processing, and 
stateful computation ([1]). 
 
Edge computing further enhances performance by relocating 
latency-sensitive workloads closer to data sources, while 
observability frameworks support reliability and fault 
detection in complex systems ([2]). Although these 
architectures introduce additional design and operational 

complexity, the performance benefits make them essential 
for domains such as financial systems, IoT, and real-time 
analytics ([3]). 
 
This paper has provided a comprehensive overview of 
architectural paradigms, performance metrics, application 
domains, and emerging trends, offering a reference 
framework for both academic research and practical 
deployment of next-generation real-time systems ([4]). 
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