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Abstract— Software applications are created daily in the rapidly evolving landscape of software development and are created
on a daily development basis which require API testing so choosing the right tool is paramount. This research paper presents
a deterministic structured approach of one of the most prominent an open-source API testing tool SoapUl, in the context of
the Microservices Architecture. This research paper aim is to provide -in depth analysis with the functional voluntaries
analysis of SoapUl by encompassing its features, use cases and performance metrices in respect to Ecommerce based
domains. In this systematic proposed approach, a step-by- step flow of integration of SoapUl with a Microservices
Architecture is Proposed with the graphical evaluation and their explanation which covers all the aspects regarding to its
functional testing, mocking the services, security and load testing by importing the endpoints of the Microservices
Architecture. The integration of SoapUl in Microservices architecture by integrate the CI/CD pipeline increases the
throughput in respect to the autonomous Ecosystem. The examination of various aspects of SoapUI covering various aspects
such as features, capabilities, practical use cases, and performance metrics. Therefore, the main objective of this research is
to represent a new structured approach using most reliable and automated testing tool which is SoapUl (an open-source API
testing tool) in the framework of Microservices Architecture with the practical usability and characterizable solutions in
various testing aspects of Web applications.

Key words: SoapUl, Microservices Architecture, Web Service Testing Tools, Testing Web Service, APl Testing, Web
Application Testing, Open-Source Testing Tools

I. INTRODUCTION

A. Background

Testing APl is a very important also a critical phase in software development because of ensuring the reliability and robustness
of web applications that is totally relay on API.[3] Emerging and development of new technologies and various trends, the
selection of an appropriate API testing tool has become more challenging so here comes an open-source API testing tool i.e.,
SoapUI which provides user friendly interface by leveraging various features and capabilities.[4][5][25]

B. Obijectives

This paper aims to analyze and represent a SoapUI which is an open- source leading API testing tool, in light of the latest trends
and technologies and well known farmwork as Microservices Architecture.

SoapUl empowers the users to perform all-inclusive testing parameters and validation of Microservices also ensuring they meet
performance, functional requirements and security within the Microservices Architecture.

Il. MICROSERVICES ARCHITECTURE

A. Introduction

The term Microservices defines itself as small tiny services communicating with each other.[1] It is an Architectural style to
build the applications and these applications are the basically software applications and by this you can structure an application
as a collection of small autonomous service models around the business domain and as business domains are basically
Ecommerce based domains so we are basically taking care about the required functionalities, features and testing
tools.[1][2][10]

Now before micro services came into the picture the software industries were using the monolithic architecture in
which the complete application stored in the single bucket.[11]

B. Literature Survey

To understand the all-historical contextual points of Microservices Architecture a tabular comparison between Microservices
Architecture with the Monolithic is given below:

Characteristic Monolithic Architecture Microservices Architecture

S It is a single, self-contained unit where It is an architectural style that structures an application as a
Definition : . '
the components are tightly. collection of loosely coupled services.
Size of Module Large Small
Deployment It is deployed as a single unit. In these individual services can be deployed independently.
Scaling Horizontal SC?"“Q ne(_eds _rephcatmg the Individual services can be scaled independently as desired.
entire application.
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Easier to initially develop but can become

More complex to set up initially but provides flexibility.

Complexity .
complex over time.

- Limited scalability due to the need to Easier scalability as individual services can be scaled based

Scalability . . L
replicate the entire application. on demand.
. A failure in one component may affect Failures in one service do not impact others (isolated
Failure Impact . L .
the entire application. failures).

Dependency

Tight coupling between components.

Loose coupling between services, allowing for independent
development and deployment.

Flexibility

Limited flexibility in adopting new
technologies.

Flexibility to use different technologies for different
services.

Technology
Stack

A combined technology stack across the
entire application.

Each service can use its own technology stack.

Example

Traditional monolithic web applications.

E-commerce applications with separate services for cart,
user management, payment processing, etc.

Table 1: Comparison Between Monolithic Architecture And Microservices Architecture [1][2][10][11]

Architectures of Microservices Architecture and Monolithic Architecture
In the Microservices architecture, each service is independent and can be developed, deployed, and scaled separately.
This provides flexibility and scalability benefits but introduces additional complexity in managing the interactions between

services.[1][2][10][11]
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Fig. 1: Architectures of Microservices Architecture and Monolithic Architecture [10]

I11. SoaprUI

(An open-source API testing tool): A Comprehensive Analysis: SoapUl, an open-source API testing tool has become a
cornerstone in the realm of software testing. This research paper aims to provide an in-depth analysis of SoapUIl, encompassing
its features, capabilities, use cases, and performance metrics. Additionally, the paper explores the evolution of SoapUl, its
integration with modern development practices, and offers insights into its potential future developments.[3][4][5][25]

A. SoapUl Features and Capabilities in relation to Microservices Architecture
It provides the ability to transform request and response messages, allowing users to handle different data formats

effectively.[25]
SoapUl is enriched with the following Eight aspects —

A

/ a. Functional Testing
‘/,’ ‘b. Service Simulation
:. Security Testing
d‘.l_uad Testing

e. Techmology Support

f. Automation

2. Analytics

h. Ecosystem

e e =\

Fig. 2: SoapUl Eight Aspects
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1) Functional Testing

SoapUI allows/permits testers to write functional API tests in SoapUI with additional further capabilities such as supporting
drag-drop feature which enhance script development, also provides debugging of tests and allows testers to develop data driven
tests. And also, it makes it easy to switch between QA, Dev and Prod like multiple environments and allows advanced scripting
(the tester can create his own custom code based on require scenarios).

2) Service Simulation (Mocking)

SoapUI Mock Services provides you simulate web services with the robustness of tests against them earlier implementing them
it also eliminates the cost of building full-scale replicas of your production systems and empower consumers to access services
without waiting for them to be built or available.

3) Security Testing

It protects your services from the most known security vulnerabilities on websites, using a complement of tests and scans. It
provides Test Generator, SQL Injection, XML Bomb, Cross Site Scripting, Fuzzing Scan, Boundary Scan, Malicious
Attachments, Custom Script, XPath Injection, Invalid Data, Malformed XML.

4) Load Testing

SoapUlI easily runs load tests with high volume emulation in real-world load testing by diagonally distributing n number of
LoadUl agents and also allows advanced custom reporting to capture performance parameters with end-to-end system
performance monitoring gives.[25]

5) Technology support

When we are building either a web application or a web service based on various protocols it must loaded with advanced
technologies, so it provides all the common protocols with the standards. So, whether you want to test and deploy SOAP
services or Flex/Flash web applications, SoapUl is always available for us.

6) Automation

SoapUl is a package of providing various autonomous topographies, permitting you to intensely decrease labor costs and helpful
to improve your time-to-market. It provides command-Line tools bundled so you can run your Functional/Load Tests and Mock
Services from any task scheduler, even though customize the test execution to override test parameters and also controlling the
tests to run or output, and much more.

7) Analytics

SoapUI makes your testing faster and helps you save countless hours and provides easy understanding of reports within the Ul
at the Project, TestSuite, TestCase and LoadTest levels.

8) Ecosystem

SoapUl biggest support system for the open-source community and partners around it with the accelerating the innovation one
more reason why it is great is that it allows anyone to develop their own set of SoapUI features by using SoapUI Plugins.[13]
[25]

IV. PROPOSED WORK-FLOW

(Proposed Structured Work Flow of SoapUl in Integration with Microservices Architecture) : A Proposed step-by-step flow of
integration of SoapUl with a Microservices architecture with the explanation of each step as follows:

The thirteen Number of steps are proposed for the SoapUl integration with Microservices is given with the working
of all the steps in this context. It starts with the understanding of the Microservices Architecture then we need to setup the
SoapUl Project after this need to import the Microservices endpoints. After importing we need to generate and define the
Microservices requests with its responses.

When we receive the responses then the main task of the SoapUI will start it starts implementing the Load Testing
which is optional as load testing is require for parametrized request then we create and produce the test suits and next to this
configure it with the assertions. If tester wants to arrange and set up data-driven testing then it is also optional as it is also like
load testing for parametrized requests and this is also applicable same as for integrating the CI/CD pipelines.

After above all steps, we execute the tests with SoapUl, after execution analyze and review the results. Then at last
Monitor and optimize throughput of the Microservices architecture.
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Fig. 3: A Proposed structured Workflow of SoapUl in Integration with Microservices Architecture
1) Step 1: Understand the Microservices Architecture
In the beginning of integration of SoapUl with Microservices Architecture it’s important to have a clear understanding of the
architecture including its services with endpoints.

The Endpoints are usually URLs and URIs that is use by the client to interact with the individual separate services and
it is typically discovers one or more endpoints for performing various operation and they serve as the starting point to the
functionalities provided by the service.

For Ecommerce based domain the following are the examples to understand the points:
— GET /products: Fetching a list of products.
—  GET /products/{id}: A particular product details Fetching with the id.
— POST /shopping cart/additem: Adding an item to the shopping cart using additem.
— PUT /shopping cart/updateitem: Update the number of particular items in the cart.
2) Step 2: Set Up SoapUI Project
1) For this we need to Create a New SoapUI Project - Open SoapUI and create a new project
2) Give a name and select the WSDL or API definition file if applicable.
3) Step 3: Import Microservices Endpoints
In the project of SoapUl, create a new SOAP API by giving the base URL of the Microservices which includes the host name
and the port numbers.
4) Step 4: Generate and Define Microservices Requests with its Responses
— Generate Requests: Inside API, generate requests for every endpoint of the Microservices with defining all the
parameters, headers and body if applicable.
— Describe Expected Responses: Specify the expected response format and content for each request.
5) Step 5: Arrange and Set Up Data-Driven Testing (Optional)
This is an optional step for mainly Parameterize Requests to test different scenarios and can be done using data sources.
6) Step 6: Configure and Add Assertions
Define and Add assertions to validate the responses from Microservices by including checking status codes, response content,
and more.
7) Step 7: Create and Produce Test Suites
1) Create and Organize Tests: within the SoapUI project to regarding to related group test cases organize and create test
suites.
2) Add Test Cases: Create separate test cases for each Microservice endpoint, adding and incorporating the requests and
assertions.
8) Step 8: Implement Load Testing (Optional)
Set Up Load Tests in load test cases: It is an optional step If load testing is required then we need to create load test cases within
the SoapUI project to simulate high traffic scenarios.
9) Step 9: Integrate with CI/CD Pipelines (Optional)
Configure CI/CD Integration: Using the command -line interface Set up SoapUI in the CI/CD pipeline to automate testing as
part of the deployment process and we can also do it by using the Jenkins plugin.
10) Step 10: Run and Execute Tests within SoapUl
Execute and run Test Suites within SoapUI to test the Microservices and also analyze the results to identify any errors and bugs
or failures.
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11) Step 11: Analyze and Review Results
Analyze and review the detailed test reports by generated SoapUIl to increase the performance and throughput of the

Microservices.

12) Step 12: Perform and Integrate Security Testing (Optional)
In case the Integrate Security, Testing is required then configure SoapUl to perform valuations /assessments on the

Microservices.

13) Step 13: Monitor and Optimize Throughput
Observe and do the monitoring of the performance as needed based on SoapUI test results

based companies

V. PRACTICALITY IN E-=COMMERCE DOMAIN
Practical Serviceability and User Experience of SoapUl in Microservices Architecture in current scenario for E-commerce

There are three E-commerce companies as Company A, Company B and Company C that has implemented a
Microservices architecture to empower its online platform. The architecture consists of various Microservices responsible for
different characteristics and aspects of the E-commerce based domain system as following:

1) Product Service: This service includes and manages product detailed information, pricing, and availability.

2) Cart Service: This service handles the all the functionalities regarding, consenting users to add, remove, and modify items.
3) Order Service: This service smooths and facilitate the aspects like order creation and management, including processing

payments.

4) User Service: This service manages all the user related information’s like accounts, registration, authentication, and

profiles.

5) Review Service: This service includes the sum up /collects the revies of products as well as displays product reviews from

users.

6) Recommendation Service: The service provides all the recommendations of product based on user behavior.
Let’s see a comparative analysis of SoapUI in Microservice Architecture across various E-commerce companies, so

to understand this we are taking an example of three E-commerce based companies as

!

commerce
Company A

Fig. 4: SoapUI based integration of E-Commerce domain-based Companies A, B and C using CI/CD, load and security

testing, Open API

1) E-Commerce Company A: The Company A has implemented SoapUIl effectively by using API testing features also
integrated it with the CI/CD pipeline with respect to data-driven testing in their Microservices.
2) E-Commerce Company B: The Company B is in the under process of implementing SoapUI and pull all its features for
load testing and security testing.
3) E-Commerce Company C: The Company C has all the well- planned approach with an emphasis on Open API integration
for implementing SoapUI with detailed reporting.

V1. PERFORMANCE ANALYSIS

Analyze the Performance: SoapUI Performance analysis with conclusion in various aspects of Microservices Environment

Performance analysis Serviceability and

Aspects /Characteristics User Experience Company A Company B | Company C
. CI/CD Pipeline Integration for automatic Under
Integration ) Implemented Planned -
testing for post -Deployment Review
Reportlng in Dgtalled Analytics for throughput monitoring with Used Not Used Used

with Analytics the detailed reports

. . To identify vulnerabilities, check Under

Security Testing capabilities for Security testing Implemented Planned Review

Parallel Testing Capacny_to conduct paralle_l or 3|mL_|Itane0us Implemented Not Planned

testing for multiple Microservices Implemented
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Groovy Scripting Ability to power Grc_)ovy scripts for utilized utilized Planned
customer validations
Virtualization of service Mock service creation for testing Implemented Not Planned
dependencies Implemented
Evalua_tlon and To ensure background _compatlblllty support Implemented Planned Unc_ier
versioning for versioning Review

Table 2: Soapui Performance Analysis with Conclusion in Various Aspects of Microservices Environment

VII. GRAPHICAL EVALUATION

Graphical illustration of SoapUl in Microservice Architecture across various E-commerce companies
In following graphical representation, | explain and illustrate the integration of SoapUl in the Microservices Architecture of
three E-commerce companies such as Company A, Company B, and Company C.

A. Aspects /Characteristics in respect to integration of SoapUl in the Microservices Architecture of E-commerce Company A

Count of Aspects /Characteristics by Company A

1
(K]
oo
04
02

Capacity o conduct CLrCD Pipeline Mock service creation To ensure background T'0 Meutify Analyties for Ahility to power
paralid or Integration for for testing compatiblity support  valnerablities, check thronghput monitoring  Groovy scripts for

simuManeons testing  sutomatic testing for dependencies for versionlng capabilities for WHE (he detalied customer validstions

for mmitiple post - Deploynsent Security testing reports

Microservices

Implesented Used utilized
Fig. 5: Graphical Evaluation of characteristics of integration of SoapUl in the Microservices Architecture of E-commerce
Company A

Evaluation: The integration in this is implemented for the CI/CD Pipeline Integration with Load testing and parallel testing also
Mock service creation for testing dependencies is implemented. It utilized the Groovy Scripting for customer validation.

B. Aspects /Characteristics in respect to integration of SoapUI in the Microservices Architecture of E-commerce Company B

Count of Aspects /Characteristics by Company B

12
1
08
0.6
04
02
0
Capacity (o conduct  Mock service creation Analytics for CLUCD Plpeline To emsure backgroand To ldentify Ability to power
puraliel ur for testing hroughput monltoring Tutegrution for compaibility support  vulnerabilities, check  Groovy scripts for
simutancous festing dependencies with the detalied automatie testing for for versioning capabilities for customer valhlatons
for multiple reports post -Deployment Secursty testing
Micreservices
Not luplemented Not Used Plupned utilized
Fig. 6: Graphical Evaluation of characteristics of integration of SoapUl in the Microservices Architecture of E-commerce
Company B

Evaluation: In this the integration is planned in respect to security testing by utilizing the Groovy scripting and they planned to
pull the SoapUI’s capabilities for security measures.
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C. Aspects /Characteristics in respect to integration of SoapUI in the Microservices Architecture of E-commerce Company C

Count of Aspects /Characteristics by Company C

1
o
L
@
0.2

0

>

-~

Ability to power Capacity 1o conduct  Mock service creation CICD Pipdine To ensure background To ldentily Analytics for
Groovy seripts for paralief or for testing Integration for compatibility support valnerabilities, check throughput moaktoring
castomer validations  shmuliancous testing dependencies automatic testing for for versioning capabilties For Wirh the detadled
for multipie post -Deploynsent Secunity lesting reports
Microservices
Planned Unter Réview Used

Fig. 7: Graphical Evaluation of characteristics of integration of SoapUl in the Microservices Architecture of E-commerce
Company B
Evaluation: It is used the well- structured approach for reporting in detailed with analytics by emphasizing Open API
integration.

D. Aspects /Characteristics in respect to integration of SoapUl in the Microservices Architecture of all three E-commerce
Companies A, Band C

Evaluation: It is representing an analytical comparison of all three companies which shows the characteristics in the factors of
planned, implemented, under review and used aspects.

Analytical Comparison

Company A v S 3 . =
Company B ofall Aspects /Characteristics between Companies A/B/C
Company C
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3

Fig. 8: Graphical Evaluation of Analytical comparison of all aspects/characteristics of integration of SoapUl in the
Microservices Architecture of E-commerce between Companies A/B/C

VIIl. CONCLUSION AND RESULTS

After finalizing this proposed structured approach, it is concluded that: In this paper, | have described a structured step by step
Workflow of Micros services Architecture testing integration with the most reliable open-source testing API tool i.e., SoapUl
by using a detailed and context- specific aspects in related to using specific use cases. The E-commerce based companies shows
the test results in the context of planned, used, under review and utilized (The contradiction representation is given below under
the all three companies). SoapUI bids a rich network of plugins which is allowing users to cover and extent its functionality
and integrate with other tools or services.
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Contradiction Represioatation of E-commerce compankes AB

Fig. 9: Representation of all aspects/characteristics of integration of SoapUl in the Microservices Architecture of E-commerce
between Companies A/B/C

IX. FUTURE WORK

It can be challenging to predict the future work and development of a specific tool or technology as it is totally depending upon
the needs of the software industries as well as the direction taken by the software developers. However, | can provide some
latest probable domains of future work for SoapUl in the context of Microservices architectures such as SoapUl could
incorporates the tools and features of most popular GraphQL by using advanced security testing capabilities. In future work it
includes the proposed structured to step by step practical demonstration which includes the endpoints of microservices
architecture.
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