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[Abstract]

This paper compares and analyzes the real-time large-scale data processing performance of relational
databases (RDB) and NoSQL databases based on Spring WebFlux and Spring MVC, providing criteria
for selecting the optimal technology when designing real-time data processing systems. WebFlux, with
its asynchronous non-blocking model, offers high concurrency and low response time, whereas MVC,
based on a synchronous blocking I/O model, delivers stable performance in environments with relatively
fewer concurrent connections. Additionally, NoSQL outperforms RDB in terms of flexibility and
scalability, exhibiting less performance degradation as the number of concurrent users increases.
Experimental results show that in a Spring WebFlux environment, NoSQL achieved an average response
time approximately 50% shorter than RDB. Even in an MVC environment, NoSQL demonstrated about
40% faster response times compared to RDB. Notably, when the number of concurrent users exceeded
5,000, the combination of WebFlux and NoSQL yielded the best performance.
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I. Introduction
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II. Technological Background

1. Spring WebFlux and Reactive Programming
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Fig. 1. Comparison of the Architectures of Spring MVC

and Spring WebFlux

2. Real-Time Data Processing
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3. RDB vs NoSQL in Real-time Systems
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3.1. Characteristics and Limitations of Relational
Databases
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3.2. Characteristics and Advantages of NoSQL
Databases
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Table 1. Comparison between RDB and NoSQL
Relational
Feature Database (RDB) NoSQL Database
Flexible data model
Data (document,
Model Structured key-value, column,
graph)
Fixed schema .
. Dynamic schema
Schema (predefined .
(flexible structure)
structure)
Query SQL (Structured Various
Language Query Language) (e.., MongoDB query
language)

Transaction

ACID Compliance
(Atomicity,

BASE Properties
(Basically Available,

Support Consistency, Soft state, Eventually
Isolation, Durability) consistent)
Vertical scalability Horizontal scalability
Scalability | (server performance (server cluster
scaling) expansion)
High ta int it . .
Data igh data integrity Final consistency
. (for general .
Integrity e (in most cases)
applications)
L High lability an
General applications 9 sca. ability and
- massive data
Use Cases requiring data

integrity

processing
applications
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3.3. Key Factors for Performance Comparison in
Real-Time Data Processing Systems
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3.4. Criteria for Database Selection in Real-Time
Data Processing Environments
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III. The Proposed Scheme

1. Experimental Methodology

1.1 Experimental Environment and Scheme
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1.2 Experimental Validity and Justification
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Table 2. System Configuration for Experiment

Spring Spring
Feature | MVC WebFlux | Database | Test
Server Client
Server Server
0S macOs macOs macOs macOs
14.5 14.5 14.5 14.5
CPU Apple M2 | Apple M2 | Apple M2 | Apple M2
RAM 32GB 32GB 32GB 32GB
Spring Spring
F/W Boot 3.3.5 | Boot 3.3.5 Jmeter
or Tools (Spring (Spring B 5.6.3
F/W 6.1.0) | F/W 6.1.0)
MySQL
WAS or Netty 8.0.32,
DB | oMY | 468 Redis i
7.2.6
Java Javal7 Javal7 o Javal7

2. Experimental Results
2.1 Performance Testing with RDB in a Spring
WebFlux Environment
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Table 3. Performance Results Based on the Number
of Concurrent Webflux~-RDB Users

100 200 500 1000 5000
0:00:01 8.00 14.94 40.38 75.54 368.61
0:00:05 6.78 13.70 35.84 70.48 294.78
0:00:10 6.88 14.39 36.78 70.61 281.07
0:00:15 6.96 14.41 36.54 70.35 274.52
0:00:20 6.98 14.35 35.38 71.79 296.08
0:00:25 6.99 14.18 38.41 68.54 284.59
0:00:30 7.27 14.44 35.37 68.25 285.95
0:00:35 7.1 15.61 41.20 69.47 273.96
0:00:40 7.22 13.62 35.64 81.46 309.19

2.2 Performance Testing with NoSQL(Redis) in a
Spring WebFlux Environment
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Table 4. Performance Results Based on the Number
of Concurrent Webflux-NoSQL Users

100 200 500 1000 5000
0:00:01 2.85 6.97 18.04 35.57 157.11
0:00:05 3.28 6.73 17.07 35.45 144.80
0:00:10 3.24 6.82 17.51 35.11 144.48
0:00:15 3.26 6.82 17.40 35.27 144.06
0:00:20 3.25 6.73 17.30 35.62 144.75
0:00:25 3.26 6.72 17.31 35.72 147.68
0:00:30 3.31 6.74 17.42 37.24 156.85
0:00:35 3.28 6.70 17.31 35.23 142.14
0:00:40 3.23 6.63 17.37 35.36 145.08

2.3 Performance Testing with RDB in a Spring
MVC Environment

Spring MVC®} RDBO] %3t F7]14 2] 2dz 9l
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Table 5. Performance Results Based on the Number
of Concurrent MVC-RDB Users

100 200 500 1000 5000
0:00:01 14.00 | 28.45 57.31 118.85 697.06
0:00:05 | 11.71 | 20.72 53.38 77.74 549.51
0:00:10 | 12.82 | 24.01 63.01 106.61 661.42
0:00:15 | 10.94 | 21.54 52.00 107.69 458.77
0:00:20 | 11.16 | 21.84 57.42 115.56 356.29
0:00:25 | 11.21 | 2275 67.25 107.55 774.53
0:00:30 | 11.28 | 21.90 52.21 113.88 396.56
0:00:35 | 14.23 | 22.72 59.33 112.86 719.33
0:00:40 | 10.54 | 20.99 68.12 82.59 5575.57

2.4 Performance Testing with NoSQL(Redis) in a
Spring MVC Environment

Spring MVC®} Redis®] 282 5714 &|2] Lo A
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Table 6. Performance Results Based on the Number
of Concurrent MVC-NoSQL(Redis) Users

100 200 500 1000 5000
0:00:01 6.82 10.68 38.16 79.98 575.51
0:00:05 6.34 10.16 34.63 73.14 565.70
0:00:10 5.10 12.45 32.63 69.84 584.31
0:00:15 5.77 11.58 35.73 69.34 568.68
0:00:20 5.60 12.13 29.62 74.56 563.95
0:00:25 5.17 12.23 34.67 63.94 557.11
0:00:30 6.44 12.48 32.40 68.55 567.38
0:00:35 6.32 11.87 32.80 69.34 552.99
0:00:40 5.40 13.87 30.88 69.65 584.13

2.5 Performance Comparison of RDB and Redis
in Spring WebFlux and MVC Environments
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Table 7. Comparison of Average Response Time
According to Concurrent User Count

WebFlux WebFlux MVC MVC

RDB NoSQL RDB NoSQL

100 8.99 3.22 13.05 5.88

200 14.15 6.68 22.45 12.06

500 35.81 17.13 56.10 32.96

1000 70.61 46.92 110.64 78.93

5000 291.93 148.61 687.13 559.07
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Fig. 2. Response Time Comparison with 200 Concurrent Users
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Fig. 3. Response Time Comparison with 500 Concurrent Users
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IV. Conclusions
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