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Abstract 

This paper presents a performance comparison of five popular REST API frameworks: ASP.NET, Spring Boot, Ex-

press.js, Laravel and Django REST Framework. The analysis took into account response times, resource consumption, 

Docker image sizes and code complexity. ASP.NET showed the shortest response times and smallest images, Express.js 

stood out for its stable resource management, while Django and Laravel, although less efficient, featured by compact 

code. Spring Boot, on the other hand, showed similar, though slightly worse, efficiency compared to ASP.NET. The 

results underscore the importance of matching the platform to specific project requirements. 
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Streszczenie 

Artykuł przedstawia porównanie wydajności pięciu popularnych szkieletów programistycznych REST API: ASP.NET, 

Spring Boot, Express.js, Laravel i Django REST Framework. Analiza uwzględniała czasy odpowiedzi, zużycie zasobów, 
rozmiary obrazów Docker oraz złożoność kodu. ASP.NET wykazał najkrótsze czasy odpowiedzi i najmniejsze obrazy, 
Express.js wyróżniał się stabilnym zarządzaniem zasobami, a Django REST Framework i Laravel, choć mniej wydajne, 
charakteryzowały się zwartym kodem. Spring Boot natomiast wykazał zbliżoną, lecz nieco gorszą, wydajność w stosunku 

do ASP.NET. Wyniki podkreślają znaczenie dopasowania platformy do specyficznych wymagań projektu. 
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1. Introduction 

Nowadays, IT systems are increasingly being designed in 

a Service Oriented Architecture (SOA). This carries 

many advantages, such as the ability to build loosely cou-

pled reusable components, which allows for more effi-

cient management of business processes. However, SOA 

architecture also involves the problem of coherently link-

ing the various application blocks together so that they 

form a single, cohesive whole [1]. 

As a result of the above problem, a variety of API 

(Application Programming Interfaces) protocols have 

been developed to integrate and connect multiple inde-

pendent programs. The context of the most common cli-

ent-server web applications should be mentioned a group 

of so-called WebAPIs, which can include SOAP, REST, 

gRPC, JSON-RPC and GraphQL protocols [2]. 

The oldest and the most popular of the WebAPIs are 

SOAP and REST. However, while SOAP may be better 

for certain applications due to the preservation of connec-

tion state and greater security of data transmission, the 

REST API works better for most solutions due to its 

greater performance flexibility and scalability [3]. 

The main aim of the paper is to compare the perfor-

mance of popular programming frameworks in REST 

API architecture in selected environments. The concept 

of performance is defined as the interdependence of 

response times, computing power and memory usage, 

and source code size. 

For the purpose of this study, the following research 

hypotheses were established: 

• H1: Spring Boot and ASP.NET do not differ in per-

formance - average scores of each metric do not differ 

by more than 15%. 

• H2: Express.js is the fastest development framework 

in terms of response times for returning small por-

tions of data (at most 100 records at the same time) 

compared to other technologies tested, such as 

ASP.NET, Spring Boot, Laravel, Django REST 

Framework. 

• H3: Django REST Framework achieves the slowest 

response times when compared with the other exam-

ined platforms in the REST API architecture, that is, 

ASP.NET, Spring Boot, Express.js and Laravel. 

2. Related works 

REST architecture is extremely important in the opera-

tion of modern applications. This can be evidenced, for 

example, by continuous attempts to develop and improve 

REST API technology. Li and his co-authors in two pub-

lications [4, 5] research the creation of tools and methods 

to improve the scalability and flexibility of the architec-

ture in question. Among other things, the researchers are 

directing their work towards software-defined networks 
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(SDNs), pointing out opportunities for REST develop-

ment in cloud and distributed environments. Their results 

indicated that both proposed projects are flexible and 

scalable to the further development and upgrades. Simi-

lar attempts to improve the aforementioned architecture 

were also made by Haijun Gu et al. [6] describing a novel 

way of composing RESTful web services. The authors 

suggested replacing classical endpoints (endpoints) with 

natural speech expressions, which resulted in better 

search precision and relevance according to the key-

words-based searching. 

Imam Ahmad et al. [7] developed a RESTful applica-

tion in PHP language for order processing and delivery 

companies demonstrating the superiority of REST tech-

nology over SOAP. Specifically, their findings high-

lighted that REST is more efficient, providing faster re-

sponse times for requests. Also, Xianjun Chen's team [8] 

positively evaluated a test program written in PHP lan-

guage using Laravel framework in the context of modern 

applications, demonstrating flexibility, scalability and 

functionality of REST architecture in that implementa-

tion. 

The issue of testing RESTful API programs has also 

been widely studied. Adeel Ehsan et al. [9] performed 

a literature review system covering 16 items on this topic, 

concluding that the number of publications on testing 

RESTful APIs increased between 2014 and 2021. Amid 

Golmohammadi et al. [10], on the other hand, reviewed 

92 publications related to automated testing of REST 

technologies, finding that the quantity of published pa-

pers on RESTful APIs testing has increased dramatically 

from 2017 to 2023. 

The large number of constantly developing software 

frameworks in the REST architecture and the constantly 

emerging new solutions provide ample room for compar-

ative studies between them. Such analyses are sorely 

needed, as they allow software developers to choose the 

technology that best fits their project. 

Grzegorz Blinowski et al. [11] conducted a study 

comparing the performance and scalability of monolithic 

and microservices architectures using the example of ap-

plications written in Spring Boot and ASP.NET. While 

the authors focused more on the analysis of the architec-

tures studied, the experiments conducted showed that the 

choice of program implementation technology has negli-

gible significance in the performance of a cloud applica-

tion. Additionally, researchers conducted that monolithic 

applications work better on single machine than micro-

services, and vertical scaling cost less than horizontal 

scaling in Azure cloud services. 

Erdem Kemer and Ruya Samli [1] made the most ex-

tensive analysis of all the publications discussed in this 

chapter. They compared as many as five technologies: 

Go, C#, Java, Python and Node.js. They designed a sep-

arate minimalist application for each programming lan-

guage avoiding the use of unnecessary external libraries. 

Load tests were performed on the finished applications 

using k6 and Locust tools. The tests included different 

numbers of virtual users. The results showed that Go out-

performed other technologies. C# and Java had similar 

performance and Node.js was slightly worse. Python 

reached the worst handling of requests.  

Marin Kaluža et al. [12] also made an extensive com-
parison of Laravel, Ruby on Rails, Django and Spring 

frameworks. Moreover, the researchers defined a wide 

range of research metrics aimed at analyzing each tech-

nology as thoroughly as possible. In addition, they were 

the only ones of all the publications analyzed to create a 

point system, which was used after converting the afore-

mentioned metrics into a more comprehensible ranking 

list, with conclusion that Django and Spring are suitable 

for large, developing projects, in contrast to Laravel and 

Ruby on Rails, which are better for small, compact appli-

cations. 

Table 1: Summary of selected publications 

Results/conclusions Ref. 

Express.js is minimalistic and appropriate for 

less complex applications. NestJS is better for 

extensive and complicated projects.  

[13] 

Spring Boot has better performance and re-

quires writing fewer files than Laravel, but 

Laravel require less code lines. 

[14] 

Koa framework has the best performance for 

GET HTTP requests. For other requests, Koa 

and Hapi were better than Express.js, which 

was 30% worse. 

[15] 

NestJS reached better average request han-

dling times than .NET. 

[16] 

ASP.NET and Java EE are not very different 

in performance context, and the choice of li-

braries/algorithms may be more important 

than the platform itself. 

[17] 

Express.js may be a more suitable choice for 

high-performance applications due to its 

faster request handling times compared to 

Hapi. 

[18] 

Express.js has better performance than Spring 

Boot. Request handling times were up to 

249% better for Express.js. 

[19] 

The .Net API excelled in PUT operations, 

processing 11.6% faster than Java, while Java 

outperformed .Net in GET operations, han-

dling 80.36% more records. Java was also 

58.1% better for DELETE operations, but 

.Net led in POST performance. 

[20] 

Core and Node.js had similar overall perfor-

mance, with Core excelling under heavy 

workloads. In CRUD tests, Node.js was better 

at POST operations, while Core outperformed 

in GET operations. Both were comparable in 

PUT and DELETE operations. 

[21] 

For low load, NodeJS was significantly faster 

than Spring in most cases. On the other hand, 

in almost all high-load tests, Spring proved to 

be more efficient. 

[22] 

 

The other papers in this literature review made tech-

nology comparisons in fairly similar ways. Each of them 

developed small applications for each technology, 
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prepared relevant research scenarios and defined metrics 

that often overlapped between these publications. More-

over, it can be seen that many of the technologies studied 

are repeated between articles. The Table 1 and Table 2 

present a list of the compared frameworks in the respec-

tive publications. 

 

Table 2: Comparison of used frameworks and metrics in studies 

Frameworks Metrics Ref. 

NestJS, Ex-

press.js 

Number of lines of code and 

files 

[13] 

HTTP request processing time 

and performance 

Quality and completeness of 

documentation 

Popularity and availability of 

advice among the community 

Spring 

Boot, 

Laravel 

Request processing time for 

different scenarios 

[14] 

Size of the project on disk 

Number of files in the project 

Number of lines of code 

Community support 

Express.js, 

Hapi, Koa 

Response time for HTTP re-

quests 

[15] 

Number of lines of code 

.NET, 

NestJS 

Number of authentication and 

authorization functionalities 

available 

[16] 

Maximum number of users 

performing login request de-

pending on hardware configu-

ration and hashing algorithms 

used 

Response times for different 

hashing algorithms 

ASP.NET 

Core, Java 

EE 

Test execution time [17] 

Percentage of success of exe-

cution of scenarios 

Network response time for 

given scenarios 

Time of execution of scenarios 

Express.js, 

Hapi 

Query execution time [18] 

Spring 

Boot, Ex-

press.js 

Query execution time [19] 

Java, .NET 

Framework 

Response time to requests [20] 

Number of lines of code 

Execution time of the request 

Amount of data processed per 

unit of time 

.NET Core, 

Node.js 

Response time to requests [21] 

Spring 

Boot, 

Node.js 

Response time to requests [22] 

 

3. Materials and methods 

As a result of the literature analysis, it was decided to 

compare the technologies of ASP.NET [23], Spring Boot 

[24], Express.js [25], Laravel [26] and Django REST 

Framework (DRF) [27]. 

In order to benchmark the considered REST API 

technologies, applications based on each of the consid-

ered programming frameworks were designed and imple-

mented. They are designed to perform the same function-

alities with particular emphasis on minimizing the use of 

external libraries and using the most standard solutions. 

Appropriate research scenarios were developed and 

the most meaningful metrics were selected. The research 

was then conducted according to the following scheme: 

• load tests using the Postman tool, 

• averaging the results, 

• analysis of other research metrics. 

Relevant research scenarios were developed and the 

most meaningful metrics were selected. 

3.1. Study objects 

Five applications written in some of the most popular 

programming frameworks were studied [28, 29]. As a re-

sult of the literature review and online sources, the tech-

nologies chosen were Express.js 4.19.2, Laravel 11.9, 

ASP.NET 8.0, Spring Boot 3.3.2 and the Django REST 

Framework 3.15.2. 

All programs are implemented according to the same 

OpenAPI document describing the list of REST service 

endpoints [28]. Available API queries implement JSON 

Web Tokens (JWT) authentication and authorization, as 

well as simple CRUD operations (create, read, update, 

delete). The focus was on using native REST API tools 

available in the given development frameworks. Only 

necessary additional libraries and packages unavailable 

immediately after initialization of a new project in 

a given environment were installed or imported into the 

application.  

In addition, all the tested applications use identical 

copies of the same MySQL database version 9.0. The da-

tabase consists of four entities containing user credentials 

and fictitious student data, respectively.  

All applications, after eventual compilation, were 

built as Docker images and then placed in the cloud ser-

vice. 

3.2. Database and dataset 

The database consists of four tables. The “users” entity 
contains user access data for authorizing API requests. 

The “students” table contain basic data related to stu-

dents, such as name, email address and date of birth. The 

“locations” and “pictures” entities contain, respectively, 

accurate information about their location including resi-

dential address and URL addresses to their pictures. The 

“students” entity is further connected to the “locations” 
and “pictures” tables by one-to-many relationships. The 

structure of the database is shown in the Figure 1. 
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Figure 1: Structure of the database used in the research experiment. 

The database was filled with fictitious data from the 

randomuser.me generator. Using the API provided by the 

service, the data of 1000 people was downloaded. Then, 

from the set so obtained, the data of 100 people were cop-

ied at random and used to populate the “users” table in 
the database. In turn, the data from the primary set was 

placed in the other entities corresponding to the students' 

data. 

3.3. Research stand 

The experiment was conducted on an MSI GL73 8RD 

laptop and the Microsoft Azure cloud platform. On the 

computer, the client in the form of the Postman tool ver-

sion 11.1.14 was launched, while in the cloud, containers 

were launched based on the images of the various appli-

cations under study. 

The laptop was equipped with an Intel Core i7-8750H 

processor (2.20 GHz), 16 GB RAM, NVIDIA GeForce 

GTX 1050 Ti graphics card and two hard drives – a 

GOODRAM 128 GB SSD containing the system parti-

tion and a WDC 1 TB HDD storing data. The machine 

was running Windows 10 Home 22H2 operating system. 

Docker containers, as server part, were run in the Mi-

crosoft cloud using the Azure App Service in plan B2 (2 

CPU cores, 3.5 GB RAM memory) with other settings 

retained with default values. 

In order to increase the reliability of the test and to 

stabilize the Internet connection, a fiber-optic connection 

with a claimed capacity of 300 Mbps download and 50 

Mbps upload was used. In addition, the Wi-Fi connection 

was abandoned, so the computer was connected to the 

Funbox 6 router directly via an Ethernet cable. 

For the duration of the experiment, all unnecessary 

programs were disabled on the laptop and the download-

ing of system updates was blocked. In addition, all other 

devices were disconnected from the local computer net-

work. 

3.4. Research scenarios 

Eleven research scenarios have been prepared to be run 

in performance testing mode. Requests should be per-

formed alternately continuously for 10 minutes. 

All developed scenarios are included in the Table 3. 

Table 3: Research scenarios for benchmarking applications 

Scenario Description 

1. Displaying the static caption "Hello 

World" 

2. GET request retrieving 10 records 

3. GET request retrieving 100 records 

4. GET request retrieving 1000 records 

5. POST request adding 1 record 

6. POST request adding 10 records 

7. POST request adding 100 records 

8. PUT query updating 1 record 

9. PATCH request updating one field in 1 

record 

10. PATCH request updating three fields in 

1 record 

11. DELETE request deleting 1 record 

3.5. Comparative metrics 

The following metrics were used to benchmark the tested 

REST API technologies: 

• the average response time of the server application for 

each of the test scenarios, 

• the number of lines of code and the number of files 

that make up the source code of a given program, 

• Docker image size of each application, 

• average CPU load and RAM consumption for each 

scenario tested. 

3.6. Description of the experiment 

Prior to the experiment, a research stand was prepared 

and configured. Thanks to the use of Docker images, 

there was no need for advanced configuration of the 

cloud environment. Launching the applications was 

based solely on uploading the appropriate docker-com-

pose file to the Azure service [30]. The experiment was 

then proceeded to run according to the developed scenar-

ios. 

In order to simulate virtual users, the “Runner – Per-

formance test” tool available in Postman was used. It al-
lows for continuous querying of specific API access 

points over a set period of time and generating rich re-

ports on the performed tests.  

Each of the test scenarios was performed for each of 

the applications for 10 minutes. The Listing 1 contains 

HTTP requests in the form of platform-independent 

pseudocode based on cURL. 
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Listing 1: All HTTP requests 

 

 

 

 

After each application was tested, REST API load test 

results were collected and compiled. In addition, resource 

consumption statistics were downloaded from the Azure 

service. The CLOC application available for installation 

via any package manager on Windows Linux or Mac OS 

was used to count lines of code and number of files. Fi-

nally, the remaining measurement metrics were deter-

mined and calculated. 

4. Study results 

The collected results of the conducted measurements ac-

cording to the assumed scenarios and comparative met-

rics are presented below. 

4.1. Applications response times to API requests 

Measurements via the Postman tool resulted in average 

response times for individual API queries (Table 4) and 

the 90th percentiles of these queries (Table 5). In addi-

tion, average times for all queries together were calcu-

lated (Figure 2). 

Table 4: Average response times for each scenario (where ASP. – 

ASP.NET, Lar. – Laravel, Exp. – Express.js, Spr. – Spring Boot) 

Scenario 

no. 

ASP. 

[ms] 

Lar. 

[ms] 

DRF 

[ms] 

Exp. 

[ms] 

Spr. 

[ms] 

1. 34 357 44 35 39 

2. 44 444 110 43 86 

3. 61 491 654 66 218 

4. 248 1074 6089 271 1563 

5. 61 483 88 68 65 

6. 110 577 268 264 121 

7. 636 1950 2084 2118 656 

8. 59 489 91 77 64 

9. 54 478 71 62 59 

10. 58 485 84 68 61 

11. 42 431 50 41 47 

Table 5: 90th percentiles of response times for each scenario 

Scenario 

no. 

ASP. 

[ms] 

Lar. 

[ms] 

DRF 

[ms] 

Exp. 

[ms] 

Spr. 

[ms] 

1. 41 456 45 40 47 

2. 54 500 127 53 129 

3. 76 510 763 85 314 

4. 364 1235 6588 345 1956 

5. 77 529 118 92 87 

6. 145 614 314 339 178 

7. 875 2163 2300 2530 991 

8. 74 514 124 104 81 

9. 70 511 90 78 85 

10. 75 530 127 88 86 

11. 53 466 64 51 66 

It can be seen that Laravel proved to be the slowest in 

most cases. Furthermore, in some cases it was as much as 

ten times slower than the fastest platform, which is 

ASP.NET. 

It is also worth noting that the response time of the 

Django REST Framework for scenario 4 (downloading 

data of 1000 students) increased by leaps and bounds 

with respect to the response times of the other applica-

tions. 
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Figure 2: Average response times for all scenarios combined. 

4.2. Number of lines of code and number of source 

code files 

Using the CLOC tool, reports were generated and used to 

create the graphs in the Figures 3-4. 

 

Figure 3: Number of source code files per application. 

 

Figure 4: Number of lines of source code per application. 

The most compact application in terms of source code 

volume turned out to be the one written using the Django 

REST Framework. On the other hand, it is possible to 

distinguish a program based on ASP.NET, whose code 

was the longest, and Laravel, where the project consisted 

of the largest number of files. 

4.3. Docker image size 

An assessment of the size of the Docker images for each 

application was carried out (Figure 5). Analyzing the re-

sulting graph, it is possible to divide the studied applica-

tions into three groups. The smallest sizes were achieved 

by applications based on ASP.NET and Spring Boot. 

Laravel and Express.js applications turned out to be the 

largest, while Django REST Framework was placed in 

the middle. 

 

Figure 5: Sizes of particular Docker images. 

 

Figure 6: Average processor and RAM load per application. 

 

4.4. Processor (CPU) load and RAM consumption 

At the end of the study, statistics downloaded from the 

Azure platform were analyzed. Mean values and standard 

deviation were calculated for the data obtained (Figure 6, 

Table 6 and Table 7). 

Table 6: Average processor and RAM load per application 

Framework Processor [%] RAM [%] 

ASP.NET 37.6 77.1 

Laravel 52 67.7 

DRF 53.5 65.7 

Express.js 40.8 64.2 

Spring Boot 49.8 71 
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Table 7: Standard deviation for average CPU and RAM load per 

application 

Framework Processor [%] RAM [%] 

ASP.NET 5.1 1 

Laravel 5.3 0.6 

DRF 3.6 0.5 

Express.js 3.7 0.6 

Spring Boot 7.6 0.4 

5. Discussion 

Analyzing the results of comparative studies of the afore-

mentioned programming frameworks, it is possible to 

some correlations can be observed. 

The results showed significant differences in re-

sponse times (Figure 2 and Table 4-5). ASP.NET proved 

to be the most efficient in most cases, offering the lowest 

response times. It was especially visible while processing 

large numbers of records. Laravel and the Django REST 

Framework showed significant latency, especially in 

more demanding scenarios, such as retrieving 1000 rec-

ords. The Django REST Framework reported further-

more an unusually long response time in this case, which 

may indicate the limitations of this technology in han-

dling larger volumes of data. These results support hy-

pothesis H3. 

Performance disparities can also be seen in the con-

sumption of system resources. ASP.NET, despite offer-

ing fast processing, put more strain on the CPU than other 

technologies. 

In the context of system resources, a correlation can 

also be observed in that the least CPU-intensive applica-

tions used the most RAM and, conversely, the most 

RAM-saving programs put the heaviest load on the CPU. 

Such a phenomenon may be indicative of the different 

ways in which the various programming frameworks 

were implemented. Express.js stood out as a technology 

that provides equivalent CPU and RAM usage, suggest-

ing that it may be the optimal choice for applications re-

quiring stability and even resource distribution (Table 6-

7). 

The number of lines of code and source files is an im-

portant factor for development teams, as more compact 

code can contribute to easier software maintenance and 

development. The Django REST Framework was found 

to be the most compact in terms of number of code, while 

ASP.NET and Laravel required the highest number of 

files and/or lines of code. This discrepancy may indicate 

that ASP.NET and Laravel technologies are more com-

plex and potentially more difficult to maintain, but may 

provide greater flexibility in terms of extending function-

ality (Figure 3-4). 

Another important performance indicator is the size 

of the Docker image, which affects application deploy-

ment time and server resource consumption. ASP.NET 

and Spring Boot proved to be the most efficient in this 

respect, while Laravel and Express.js, on the other hand, 

generated the largest Docker images. The smaller image 

sizes suggest that ASP.NET and Spring Boot are more 

optimal for cloud environments where resource minimi-

zation is key (Figure 5). 

After analyzing all metrics, it can be concluded that 

hypothesis H1 has been partially confirmed, as the as-

sumption of a difference in rates of no more than 15% 

has been met for several of them. Most of the response 

time measurements for the individual scenarios are 

within the assumed limits. In addition, only the average 

RAM load and the number of lines of code and number 

of files are consistent with the hypothesis, the rest of the 

metrics contradict it. 

In the case of hypothesis H2, it was rejected because 

for scenarios 1-3. the results of Express.js and ASP.NET 

were very even and only in second case Express.js was 

slightly faster (Figure 2 and Table 4-5). 

The results obtained are similar to those in the litera-

ture. The response times, especially for Python applica-

tion, coincide with the conclusions of E. Kemer and R. 

Samali [1]. The inferior optimization of ASP.NET in 

terms of RAM usage compared to Java applications was 

also revealed, as was done by K. Kornis and M. Uhanova 

[17]. They also confirmed the conclusions of A. 

Poniszewska-Marańska et al. who found that the NodeJS 
platform is significantly faster than Spring for low load, 

but Spring is more efficient for high load [22]. 

6. Conclusions and future works 

In this paper, the performance of five popular develop-

ment frameworks (ASP.NET, Spring Boot, Express.js, 

Laravel, and Django REST Framework) was compared 

in the context of REST API architecture. API query re-

sponse times, system resource usage, Docker image sizes 

and source code complexity were analyzed. The results 

showed that ASP.NET was the most efficient, while Ex-

press.js stood out for its balanced use of resources. 

Django REST Framework and Laravel offered a compact 

code structure, but were less efficient in handling large 

workloads. Spring Boot, on the other hand, stood out for 

its relatively small Docker image size and relatively short 

response times. The obtained results show how many cri-

teria should be considered in order to choose the most 

optimal platform for a given project. 

The research was limited to five platforms and con-

ducted in specific hardware and cloud environments. Re-

sults may vary depending on test conditions, such as dif-

ferent server configurations, types of workloads or use of 

alternative databases. Additionally, security and scalabil-

ity aspects of the technology were not considered. 

Future works may include comparison of additional 

development frameworks, such as NestJS or Ruby on 

Rails, and testing in different cloud environments (for ex-

ample AWS or Google Cloud). In addition, another data-

base systems may be used as well as other containeriza-

tion tools, such as Podman. It should be also consider an-

alyzing scalability under dynamic user growth and com-

paring the effectiveness of platforms in microservices ap-

plications. In addition, it can be measured with other 

tools, such as Grafana k6. 
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