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Abstract

This paper presents an experimental comparison of Spring Boot and Ktor as backend frameworks for REST API devel-
opment on the JVM platform. The study was motivated by the need for a controlled evaluation of these frameworks, since
available comparisons are often based on non-uniform assumptions and do not clearly separate framework-related effects
from other implementation factors. To ensure comparability and reduce the influence of external variables, two reference
applications implementing the same ticket reservation business scenario and sharing the same PostgreSQL database were
developed. The evaluation was conducted with load tests covering write, read and mixed workloads. The analysis included
response times, system stability, the number of successful and unsuccessful responses, as well as CPU and RAM usage.
The results show that both frameworks maintained full technical correctness, while Ktor achieved lower response times
and lower average CPU usage.
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1. Introduction Ktor, in contrast, represents a lighter and more ex-
plicit approach. As a Kotlin-first framework, it promotes
modularity and direct configuration of application com-
ponents. Because of these characteristics, Ktor is often
considered a promising alternative in projects where low
overhead and fine-grained control over the application
setup are desirable [4-6].

Modern information systems increasingly rely on distrib-
uted architectures in which backend services exposing
REST APIs play a fundamental role [1]. In such systems,
the application framework affects not only the implemen-
tation of business logic, but also performance, stability
and maintainability. In the JVM ecosystem, Spring Boot
remains one of the most widely used solutions due to its 1.2. Research gap
broad ecosystem and extensive auto-configuration mech-
anisms [2, 3]. An alternative is Ktor, a framework de-
signed for Kotlin and based on a more explicit and mod-
ular configuration model [4-6].

Although many comparisons of these frameworks can
be found in the literature and industry sources, a large
part of them is descriptive in nature or based on non-uni-
form assumptions. In many cases, the compared applica-
tions do not share the same business scenario, the same
data model or the same testing environment, which 1.3. Objective and hypothesis
makes the interpretation of results less reliable [7-12].

Therefore, the aim of this paper was to compare
Spring Boot and Ktor under a controlled experimental
setup. Two reference applications implementing the
same business scenario — a ticket reservation system —
were developed and evaluated under load. The research
hypothesis assumed that Ktor could achieve lower re-
sponse times and lower CPU usage than Spring Boot in a
lightweight JVM REST API scenario. rectness.

2. Materials and Methods

Despite the popularity of both frameworks, many availa-
ble comparisons are limited to simplified benchmarks or
qualitative descriptions. In many cases, the compared ap-
plications do not share the same business scenario, the
same persistence layer or the same load profile. This re-
duces the reliability of conclusions and makes it difficult
to distinguish framework-related effects from implemen-
tation-related differences [7-12].

The objective of this study was to compare Spring Boot
and Ktor in a controlled experimental setup using the
same ticket reservation scenario, the same PostgreSQL
database and the same load generation tool. The study as-
sumed that Ktor could achieve lower response times and
lower CPU usage than Spring Boot in a lightweight JVM
REST API system, while preserving full technical cor-

1.1. Background
The subject of the study was a comparative analysis of
two JVM backend frameworks: Spring Boot and Ktor. To
ensure comparability, two reference applications imple-
menting the same ticket reservation system were devel-
oped. Both implementations shared the same Post-
greSQL relational database running in a Docker con-
tainer [13-16].

Spring Boot is one of the most established frameworks in
the JVM ecosystem and is commonly used in enterprise
systems due to its extensive ecosystem, auto-configura-
tion mechanisms and broad integration capabilities [2, 3].
Its popularity makes it a natural reference point in com-
parative studies concerning backend application develop-
ment.
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Tests were performed locally on the same machine
and in a sequential manner, meaning that only one tested
application was active at a time. This reduced the risk of
mutual interference in system and database resources and
improved the comparability of the results. For technical
separation, the Spring Boot application was exposed on
port 8080, whereas the Ktor application was exposed on
port 8081.

2.1. Business scenario and API

Both applications exposed the same REST API [1]. The
main endpoint was POST /reservations, responsible for
creating a reservation. This endpoint implemented the
business logic required to verify whether an event ex-
isted, check ticket availability, perform a consistent up-
date of the ticket pool, and store the reservation result.
The second endpoint was GET /reservations/{id}, used
to retrieve a previously created reservation. The HTTP
response logic was unified as well. Code 201 indicated a
successful reservation, code 409 indicated a reservation
rejected due to the limited ticket pool, and code 404 indi-
cated a missing resource, such as a non-existing event or
reservation.

2.2. Data model

The system used a shared PostgreSQL database with two
tables: events and ticket reservations. The events table
stored event information and the current number of avail-
able tickets, whereas the ticket reservations table stored
the history and outcomes of reservation operations. This
data model was designed to reflect the core logic of a
ticket reservation system while keeping the experimental
setup sufficiently simple and comparable across both
frameworks.

The events table acted as the source of the current re-
source state. In particular, the available tickets field rep-
resented the shared value modified during reservation re-
quests. The ticket _reservations table stored information
about completed reservation attempts, including the res-
ervation identifier, event identifier, user identifier, re-
quested number of tickets, ticket type, operation status
and failure reason. As a result, the database model sup-
ported both functional verification and performance-ori-
ented analysis.

From the API perspective, the POST /reservations
endpoint required reading the selected event, checking
ticket availability, updating the available ticket pool and
storing the outcome of the reservation request. The GET
/reservations/{id} endpoint was based on reading a pre-
viously stored reservation record. This means that the
adopted data model supported both write-heavy and read-
heavy workloads, which was important for the compara-
tive analysis.

The use of a relational database was important be-
cause the reservation scenario required transactional con-
sistency and protection against race conditions [13, 14].
This made it possible to evaluate not only performance
but also the correctness of concurrent write operations.

2.3. Test dataset

The experiment was based on synthetic test data prepared
specifically for the ticket reservation scenario. Initial
event records and ticket pool values were defined before
each test series, while reservation requests were gener-
ated automatically by the load testing tool. Such an ap-
proach improved repeatability and ensured that the ob-
tained results reflected the behavior of the compared
frameworks rather than the properties of an external da-
taset.

The complete dataset covered 30 test runs, corre-
sponding to 5 repetitions for each of the 3 load scenarios
and 2 frameworks. Under the default load parameters, a
single run generated approximately 22,150 virtual users.
Depending on the scenario, this resulted in about 22,150
request records for the POST test, 88,600 request records
for the GET test, and approximately 39,870 request rec-
ords for the MIXED test. In total, the detailed dataset
contained approximately 1.5 million records describing
individual HTTP requests. In addition, 30 aggregated
run-level records and about 2,640 CPU and RAM meas-
urement samples were collected.external dataset.

2.4. Experimental method

Gatling was used as the load generation tool. Three test

scenarios were defined:

e post — focused on write-heavy operations,

e get — focused on read-heavy operations,

e mixed —a mixed workload with 80% GET operations
and 20% POST operations.

Each scenario followed the same load profile consisting

of four phases:

e Ramp — gradual increase of load,

e Steady — constant load,

e Spike — sudden traffic increase,

e Soak — prolonged load.

Each scenario was repeated five times for each frame-

work. The analysis included the number of requests, suc-

cessful and unsuccessful responses, median response

time (P50), P95, P99, mean response time, maximum re-

sponse time, and average CPU and RAM usage. CPU and

RAM measurements were recorded automatically during

each test run by a background monitoring task launched

before the start of the load test. Resource samples were

collected every 5 seconds and stored in a CSV file. The

recorded values included total CPU usage of the whole

system, available memory, and committed memory.

Therefore, the reported CPU and RAM values describe

the overall resource usage of the test environment while

the tested application was active, rather than the con-

sumption of the Spring Boot or Ktor process alone.
During the measurements, the test machine was left

without user interaction, and only the software required

for the experiment was active, including the tested appli-

cation, the database container and the development envi-

ronment.
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2.5. Experimental setup

All tests were executed on the same local machine and
under the same operating conditions. Only one tested ap-
plication was active at a given time, which reduced the
risk of mutual interference in CPU, RAM or database ac-
cess. The shared PostgreSQL instance was deployed in a
Docker container to maintain a consistent persistence en-
vironment [15, 16].

2.6. Repetition and result consistency

Each scenario was repeated five times for each frame-
work. Repeated runs were necessary because single
measurements may be influenced by incidental factors
such as JVM warm-up effects, operating system back-
ground activity or temporary fluctuations in resource us-
age. The repeated measurements made it possible to as-
sess not only average results but also their stability.

2.7. Metrics

The analysis included the total number of requests, the
number of successful and unsuccessful responses, P50,
P95, P99, mean response time, maximum response time,
and average CPU and RAM usage. In the presented re-
sults, successful responses are marked as OK, whereas
KO denotes responses classified by the load testing tool
as unsuccessful. These metrics were selected to assess
both the typical response behavior and the stability of the
system under load [17, 18].

3. Results

The POST scenario was the most demanding one because
it involved state-changing operations and updates to a
shared resource in the database. The aggregated results
for this scenario are presented in Table 1.

Table 1: Aggregated results for the POST scenario

Metric Ktor Spring Boot
Requests 22150.0 22150.0
OK 22150.0 22150.0
KO 0.0 0.0

P50 [ms] 3.0 4.0

P95 [ms] 4.0 5.0

P99 [ms] 4.2 52
Mean [ms] 3.0 4.0

Max [ms] 226.6 222.0
CPU avg [%] 4.44 4.85
RAM avg [MB] 15408.18 15260.58

As shown in Table 1, both frameworks processed the
same number of requests and produced no KO responses,
that is, no responses classified as unsuccessful by the load
testing tool. Ktor achieved lower P50, P95, P99 and mean
response time values. It also showed slightly lower CPU
usage, while Spring Boot consumed slightly less RAM.

The POST scenario was the most demanding one be-
cause it combined request processing, database access
and state modification. From the business perspective, it
was also the most sensitive operation, since each success-
ful request changed the shared ticket pool.

The results presented in Table 1 show that both
frameworks maintained full technical correctness. No
KO responses were recorded, which indicates that neither
implementation failed under the adopted load profile.
This is important because the tested operation involved
concurrent access to a shared resource and could there-
fore reveal consistency-related problems.

In terms of latency, Ktor achieved lower values for all
major timing metrics. The difference was visible not only
in the median response time, but also in P95 and P99,
which means that Ktor performed better not only in typi-
cal responses but also in slower and more demanding
cases. This suggests a more stable latency profile under
the tested write-heavy workload.

Although the maximum response time was slightly
lower in Spring Boot, this metric should be interpreted
with caution, as it reflects only a single extreme observa-
tion. In contrast, the percentile values presented in Table
1 represent a more general view of system behavior and
therefore provide a more reliable basis for comparison.

3.1. Get scenario

The GET scenario focused on read operations and served
as a reference against the write-intensive scenario. The ag-
gregated results for this scenario are presented in Table 2.

Table 2: Aggregated results for the GET scenario

Metric Ktor Spring Boot
Requests 88600.0 88600.0
OK 88600.0 88600.0
KO 0.0 0.0

P50 [ms] 1.0 1.0

P95 [ms] 3.0 4.0

P99 [ms] 4.0 5.0
Mean [ms] 1.0 2.0

Max [ms] 163.2 164.2
CPU avg [%] 5.63 6.51
RAM avg [MB] 15381.49 15202.63

As shown in Table 2, both frameworks maintained
full technical correctness. Ktor achieved lower P95, P99
and mean response time values, indicating a more favor-
able performance profile in read operations.

The GET scenario represented a read-heavy workload
and did not involve modification of the shared ticket
pool. For this reason, it can be treated as a less conflict-
prone scenario and as a useful reference point for as-
sessing pure retrieval performance.

Again, both frameworks processed the same number
of requests without technical failures. The absence of KO
responses confirms that both implementations remained
stable under the adopted load profile.

The difference between frameworks became visible
in higher-percentile response times and in the mean re-
sponse time. Although the median was identical, Ktor
achieved lower P95 and P99 values. This indicates that
the Ktor-based application handled slower requests more
efficiently and maintained better latency stability in the
read-dominant workload.
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3.2. MIXED scenario

The MIXED scenario combined read and write opera-
tions and best reflected a realistic business workload. Its
aggregated results are presented in Table 3.

Table 3: Aggregated results for the MIXED scenario

Metric Ktor Spring Boot
Requests 39864.2 39889.8
OK 39864.2 39889.8
KO 0.0 0.0

P50 [ms] 2.0 3.0

P95 [ms] 3.0 5.0

P99 [ms] 4.0 5.0
Mean [ms] 2.0 3.0
Max [ms] 164.0 165.8
CPU avg [%] 4.39 5.18
RAM avg [MB] 15521.0 15372.0

As shown in Table 3, Ktor again achieved lower re-
sponse times and lower CPU usage, while Spring Boot
consumed slightly less RAM. This result is particularly
important because the MIXED scenario most closely re-
flects real system traffic.

The MIXED scenario is particularly important be-
cause it combines read and write requests and therefore
reflects a more realistic application workload than the
isolated POST or GET cases. In this setup, the majority
of traffic consisted of reads, while writes still influenced
the global system behavior.

Both frameworks again maintained full technical cor-
rectness, as no KO responses were recorded. This con-
firms that the implementations remained stable even
when handling heterogeneous traffic patterns. Ktor also
preserved its advantage in response times also in this sce-
nario. Lower P50, P95, P99 and mean values indicate that
the framework performed well in this mixed workload.

3.3. Cross-scenario comparison

Across all scenarios, Ktor consistently achieved lower re-
sponse times than Spring Boot. The difference was pre-
sent in POST, GET and MIXED workloads, which indi-
cates that the observed behavior was not limited to a sin-
gle access pattern. At the same time, both frameworks
showed full technical correctness, as no KO responses
were recorded.

Mean response time in POST, GET and MIXED

4,50
. 4,00
=
E 350
@
£ 3,00
v 2,50
H
S 2,00
2
¢ 1,50
]

3 1,00
= 0,50

0,00
POST

3,00
4,00

GET
1,00
2,00

MIXED
2,00
3,00

m Kror

W Spring Boot

Figure 1: Mean response time in the POST, GET and MIXED
scenarios

Figure 1 confirms that Ktor achieved lower mean re-
sponse times in all tested scenarios. The largest relative
difference was observed in the GET and MIXED work-
loads, while the POST scenario also showed a consistent
advantage of Ktor over Spring Boot.

The CPU measurements also showed a consistent ten-
dency: Ktor used less CPU on average in all tested sce-
narios. RAM usage showed the opposite trend, with
Spring Boot consuming slightly less memory. This indi-
cates that the performance advantage of Ktor was accom-
panied by a modest increase in memory usage.
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Figure 2: Average CPU usage in the POST, GET and MIXED
scenarios

As shown in Figure 2, Ktor maintained lower average
CPU usage in all three scenarios. This suggests that the
lower response times were accompanied by favorable
processor efficiency rather than increased CPU load.
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Figure 3: Average RAM usage in the POST, GET and MIXED
scenarios

Figure 3 shows that Spring Boot used slightly less
RAM than Ktor in all tested scenarios. However, the ob-
served differences were moderate and did not affect the
technical correctness or stability of the applications.

4. Discussion and Conclusions

The obtained results indicate that both frameworks main-
tained full technical correctness under the adopted load
profile. In all test runs, 0 KO responses were recorded,
which means that both Spring Boot and Ktor correctly
implemented the ticket reservation logic without tech-
nical instability.

At the same time, the results did not confirm perfor-
mance equivalence between the two solutions. In all three
scenarios, Ktor achieved lower response times than
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Spring Boot. This difference was visible not only in me-
dian values, but also in the higher percentiles P95 and
P99, which indicates that Ktor maintained better latency
stability under load [7-12].

The resource usage analysis showed that Ktor used
less CPU on average in all scenarios, whereas Spring
Boot consumed slightly less RAM. This means that
Ktor’s time advantage was not achieved solely at the cost
of increased resource usage, but rather reflected a more
favorable overall performance profile [§—12].

The obtained results therefore support the research
hypothesis. In the tested scenario, Ktor achieved lower
response times and lower CPU usage than Spring Boot
while preserving full technical correctness. In the
adopted experimental setup, Ktor proved to be the more
efficient solution in terms of latency and processor load.

At the same time, the study did not demonstrate an
unconditional advantage of one framework in every as-
pect. Spring Boot consistently showed slightly lower
RAM usage. Therefore, the comparison should be inter-
preted as a trade-off between different runtime character-
istics rather than as an absolute superiority of one frame-
work over the other.

Several limitations of the study should be empha-
sized. The experiment was based on a single business
scenario, a shared PostgreSQL database, and a local exe-
cution environment. The applications did not include ad-
ditional enterprise-level concerns such as security mech-
anisms, asynchronous messaging, caching, or integration
with external services. Therefore, the results should be
treated as valid for the tested case rather than universally
representative for all JVM backend systems.

Future work should include more complex business
logic, external integrations, cloud or container-orches-
trated environments, and a broader range of framework
configurations. It would also be valuable to compare the
analyzed frameworks under larger-scale distributed de-
ployment conditions.

Based on the conducted experiment, the following
conclusions can be formulated:

1. Both frameworks maintained full technical correctness
and stability under the tested load profile.

2. Ktor achieved lower response times than Spring Boot
in all analyzed scenarios.

3. Ktor used less CPU on average, while Spring Boot
consumed slightly less RAM.
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