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Abstract

Microservice architecture increases system flexibility but also introduces challenges in automated testing
due to complex inter-service HTTP communication. The paper presents an approach for generating
automated tests from UML 2.5 sequence diagrams in microservice-based systems. A rule-based
transformation converts diagram message interactions into structured Gherkin scenarios, which become
executable through a reusable step definitions library integrated into a behavior-driven development
workflow. Prototype implementation was evaluated using a representative microservice project. Evaluation
results, including code coverage and mutation testing, indicate that the generated tests can detect faults and
validate the behavior of microservice-based systems, demonstrating the feasibility of deriving executable
tests directly from design models.
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1. Introduction

In recent years, most companies have been migrating from monolithic architecture to microservice
architecture to increase flexibility and improve system maintainability and scalability [1]. However,
when testing microservices, it is important to note that they communicate with each other via HTTP
requests, which makes testing complex and confusing. When creating automated tests, testers must
manually analyze how and in what order these systems communicate. As a result, writing automated
tests for microservices is difficult and time-consuming [2].

On the other hand, UML [3] diagrams can serve as a valuable tool for visualizing system behavior,
facilitating comprehension of the overall architecture and inter-service communication, such that
even those unfamiliar with the system can understand its operation. UML class diagrams are used
when specifying API documentation, indicating the possible fields of HTTP requests and responses.
Class diagrams are also used to describe the system components through which microservices
communicate with one another [4]. UML sequence diagrams are often used to show which
microservices interact with each other and the order in which requests are executed. They can also
be used to represent error scenarios, illustrating how the system reacts when an error response is
returned from another part of the system. Thus, preparing UML diagrams that describe the structure
and behavior of a microservice-based system constitutes a valuable step in the overall development
process. Moreover, the utility of such diagrams can be extended beyond visualization by using them
as a basis for test generation.

While methods for automatically generating tests from UML diagrams already exist for testing
monolithic systems by testing individual classes and integrations [5], this area is not yet well
developed for microservices. The aim of this paper is to improve microservice testing and facilitate
automated test creation by proposing a methodology that reduces manual effort in analyzing inter-
service communication and improves alignment between system design artifacts and automated test
implementation.
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Therefore, the microservice test generation methodology was proposed as a solution to this
problem and implemented as a tool that enables the automatic generation of tests from UML sequence
diagrams describing how microservices communicate with one another. The test generation tool was
implemented as an MCP server and integrated into the Visual Studio Code IDE. Preliminary
evaluation results demonstrate that the tool successfully generates Gherkin scenarios from UML
diagrams. The generated tests can be executed against a real microservice implementation and can
detect faults in the code.

The rest of the paper is organized as follows. The related work section reviews existing
methodologies for test generation from sequence diagrams, as well as other approaches applied to
microservice testing. The proposed approach section presents the suggested methodology for
generating test scenarios from UML sequence diagrams. The prototype section describes the
implementation of the test generation tool and its validation.

2. Related Work

Microservice architecture has been widely adopted as an architectural style for building
autonomous services with clearly defined responsibilities [6]. To address recurring challenges in
distributed systems, microservice design patterns have been proposed as reusable solutions to
common architectural problems [7]. Prior studies highlight the importance of isolated testing in
microservice-based systems, emphasizing component and contract testing as key practices for
maintaining service independence, especially when compared to monolithic architectures [8].
Behavior-Driven Development (BDD) helps teams to express automated tests in terms of expected
behavior using structured Given—When—Then statements [9]. These specifications are commonly
written in the Gherkin language and can be executed using frameworks such as Cucumber [10].
Automated testing is commonly integrated into CI/CD pipelines to support continuous quality
assurance and rapid feedback [11]. For modeling microservice architectures, UML class diagrams are
commonly used to represent service structure, while UML sequence diagrams are used to describe
inter-service communication [12].

One of the existing solutions for generating tests from UML diagrams is Skyfire [13]. It is a tool
that generates Cucumber test scenarios from UML state diagrams. The approach transforms a state
diagram into a generic graph representation, from which test scenarios are derived and subsequently
converted into Cucumber-based tests. States and transitions defined in the UML model are directly
mapped to Cucumber steps, where transitions correspond to Given or When steps, and system states
are expressed as Then steps [13]. While this method improves functional coverage by systematically
deriving tests from behavioral models, the generated scenarios lack executable step implementations
and therefore require additional manual effort to implement state checks and transitions.

Several approaches generate automated tests from microservice API specifications such as
OpenAPI [14]. These specifications define request attributes and input constraints, enabling the
generation of tests that verify specification compliance and input validation, as demonstrated by the
UTEST approach [15]. However, since the OpenAPI specification does not capture business logic,
such tests cannot detect failures related to deviations from intended API behavior or inconsistencies
between internal execution and returned HTTP status codes, for example, when a success response
is returned despite an internal error [15].

Another approach to generating test scenarios uses an extended finite state machine (EFSM) as an
intermediate representation between UML sequence diagrams and executable test code [16].
Sequence diagrams, which capture detailed interactions between system objects and actors, are
transformed into EFSMs where actions, loops, and conditional statements are represented as states,
cycles, and branches, respectively [16]. Test scenarios are then generated from the EFSM using the
ModelJUnit library and executed with JUnit, allowing testers to focus on creating sequence diagrams
rather than writing code manually. A limitation of this approach is that it is tied to Java-based
systems; testing applications implemented in other programming languages would require additional
components to translate generated tests into the target language or framework.

In general, the reviewed approaches demonstrate that automated test generation from
specification models is feasible. However, analyzed approaches focus on individual class interaction.
In addition, the transformation from sequence diagrams is often tightly coupled with specific



programming languages, limiting applicability in a heterogeneous microservice environment.
OpenAPI-based solutions focus on request and response structures and input validation, but they do
not capture inter-service communication flows or business logic captured in behavior models.
Therefore, there remains a need for a methodology that generates executable, behavior-oriented tests
directly from a UML sequence diagrams, while remaining independent of a particular implementation
language and suitable for modern microservice architectures. The approach proposed in this paper
addresses this gap by transforming UML sequence diagrams into Gherkin test scenarios.

3. The Proposed Approach for Automated Microservices Test
Generation from UML Sequence Diagrams

The proposed approach presents an automated test generation methodology that facilitates the
creation of executable test scenarios from UML sequence diagram models, compliant with the UML
2.5 standard. The methodology operates on formal diagram models rather than graphical
representations. UML sequence diagrams are used to model interactions between microservices,
where each message is interpreted as an HTTP request. Based on these models, test scenarios in the
Gherkin format are generated following a predefined, rule-based process that ensures the correctness
and consistency of the modeled communication flows. In Figure 1, a full overview of the methodology
is presented; yellow boxes represent the test generator and the shared library, which are used to
generate executable tests from UML diagrams created during the requirement-gathering and design
process.
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Figure 1: Overview of the process of microservices test generation from UML sequence diagrams
3.1. Modeling Microservice Interactions in Sequence Diagrams

UML sequence diagrams are modeled according to a set of predefined rules established within the
proposed methodology. In these diagrams, lifelines represent individual microservices. An exception
is made for the first lifeline, which may represent an external actor invoking a microservice. To ensure
traceability between sequence diagrams and structural design, a corresponding class diagram is
created for each microservice depicted in the sequence diagram. Figure 2 presents an example UML
class diagram illustrating the microservices and their corresponding request and response models
used in HTTP communication. Each microservice class defines a set of operations representing the
exposed REST endpoints. Operation names follow the convention “{MethodNamelEndpointPath}”
(e.g., PostLicense). This naming convention was selected to simplify identification of specific
endpoints in the diagram and to eliminate the need for additional UML stereotypes.

If an endpoint accepts a request body or produces a response body, each body is modeled as a
separate contract class. Classes such as CreateLicenseRequest from Figure 2 represent the JSON
payload structure, where each attribute corresponds to a JSON field and retains the same name and
data type as defined in the JSON schema. Explicit specification of primitive data types (e.g., Boolean,
String, and Integer) is required to ensure correct serialization and consistency between the model and



implementation. Contract classes are referenced as parameter types within the corresponding
operations. Operations may include multiple URL parameters, which are specified in the same order
as they appear in the endpoint path. The parameter names “body” and “response” are reserved: the
“body” parameter denotes the HTTP request body, and the “response” parameter denotes the HTTP
response body. Both parameters are optional, depending on the endpoint specification.

FeatureFlags LicenseBackend Gateway
FeatureFlagService LicenseBackendService GatewayService
+PostFeatureFlags( body - GetFestureFlagRequest, response - GetFeatureFlagResponse ) +PosthlewLicense( body : CreateLicenseRequest ) || ||+postLicensel body : CreatelicanseRequest )
CreateLicenseRequest i
GetFeatureFlagRequest ||GetFeatureFlagResponse attributes Crea(eLlrtV:VensﬂerReques(
stirbules stinbutes +productType - String +productType : Strin
+featureFlag : String +featureFlag : String +featureLevel : String +?eaturaLg\?el: Str\ng
+isEnabled : Boolean +userld : String +userid Strinj
GetFlagRequest: GetflagResponse : License :
GetFeatureflagRequest GetFeatureFlagR: CreateLicenseRequest
featureFlag = "create_licenses_enabled" | | featureFlag = "create_licenses_enabled" ||| featurelevel = "Basic"
isEnabled = frue productType = "VideoEditor
userld = "A1SAEX"

Figure 2: Example class diagram demonstrating microservices

Sequence diagrams are constructed using the defined microservice classes and their operations.
Each sequence diagram represents a specific interaction scenario. These scenarios correspond to a
concrete use case that will be transformed into automated tests. In Figure 3, an example sequence
diagram is presented with GatewayService, which calls two external services and uses alternative
fragments to visualize different scenarios. The presented sequence diagram uses classes from Figure
2 as lifeline classifiers. GatweayService is the test subject, FeatureFlagService and
LicenseBackendService are external dependencies that are called during the depicted scenario. This
distinction is important for automated test generation, as only the GatewayService behavior is verified,
while the remaining services are treated as mocked dependencies. The first message from the
sequence diagram uses the PostLicense operation from the GatewayService, which represents the
initial HTTP call to the service. Messages exchanged between lifelines correspond to individual HTTP
requests, while reply messages indicate the HTTP status code returned by the service. Status codes
are modeled as integer values, and any valid HTTP status code may be specified.

To provide test data, object instance specifications are created with example values and used as
arguments within the sequence diagrams. For example, the PostLicense operation has a body
parameter of type CreateLicenseRequest, and in the sequence diagram, it has assigned a value to the
License instance specification from the class diagram in Figure 2. These instance specifications
represent concrete test inputs that will later be used during automated test generation.
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Figure 3: Example sequence diagram demonstrating communication of microservices

Alternative execution paths are modeled using the UML alternative (alt) and optional (opt)
fragments. This mechanism enables representation of non-primary flows, such as error scenarios
involving responses like 400 Bad Request, 404 Not Found, or other relevant HTTP error codes. Each



alternative branch represents a separate execution path that can be transformed into an individual
generated test case. In general, modeling microservice communication using UML class and sequence
diagrams provides concrete representations of inter-service interactions and formally establishes
service contracts.

3.2. Sequence Diagram Transformation into Gherkin Scenarios

To ensure consistency and verify that implementations conform to the agreed design, each
sequence diagram is transformed into executable scenarios written in the Gherkin language. In this
transformation process, each message exchanged between lifelines is mapped to a predefined step
definition, which serves as the basis for automated scenario generation. The selection of step
definitions depends on the role of the microservice under test within the interaction. In Table 1, all
step definitions and descriptions are listed. Messages directed to the tested microservice are translated
into request-forming steps. Specifically, SD1 and SD2 are used to construct an HTTP request to the
tested service, depending on whether the interaction includes a request body. If a message contains a
body argument, the corresponding step with a body parameter is applied; otherwise, the simpler
request step is used. Interactions involving external microservices invoked by the tested service are
handled differently. SD3 and SD4 are used to define the expected responses of dependent
microservices, mocking their behavior within the scenario. SD5 represents the execution phase,
during which the previously defined request is sent under the configured mock conditions. SD6
verifies that the tested microservice returned the correct status code. SD7 verifies the response body
returned by the microservice. SD8 is used to verify that the tested microservice invoked the
appropriate external service endpoint with the specified HTTP method and path.

Table 1
Predefined step definitions used in scenarios
Step Step Step definition Description
keyword
SD1  Given | have an HTTP "{method}" "{path}" request Forms an HTTP request with a
path
SD2  Given | have an HTTP "{method}" "{path}" request with Forms an HTTP request with path
body “{json}” and request body
SD3  Given service "{serviceName}" returns response with Sets up that the service with the
status code {statusCode} specified name will respond with
the status code
SD4  Given service "{serviceName}" returns {statusCode} for ~ Sets up that the service with the
"{method}" "{path}" with body “{json}” specified name will respond with
the body status code
SD5 When | send the request Executes constructed requests
SD6  Then the response status code should be {statusCode}  Asserts that the microservice under
test returns a response code
SD7 Then the response body should match “{json}” Asserts that the microservice under
test returned a response body.
SD8 Then service "{serviceName}" was called with HTTP Asserts that the external service
"{method}" "{path}" endpoint was called

The proposed test scenario generator imports the UML model and parses its UML elements. The
parsed model serves as the input for scenario generation. As an initial step, all distinct execution
scenarios are identified. To handle alternative and optional paths, messages and message occurrence
specifications are represented as a directed graph. A depth-first search (DFS) traversal is then applied
to identify all unique paths within this graph. Each identified path is treated as an independent
sequence diagram and processed separately, ensuring that the generator of one scenario does not
influence or interfere with others. As demonstrated in Figure 4, the test generator first splits the
diagram into separate diagrams, thus removing alternative and option fragments.
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Figure 4: Test scenario generation example

At the beginning of the scenario generation process, all messages are classified into two categories:
messages sent to the microservice under test and messages sent by the microservice under test. In
Figure 4, the blue messages represent messages sent to the microservice; the red messages represent
messages sent by the microservice under test. For request construction, SD1 is applied when the
corresponding operation does not include a request body parameter, and SD2 is used when the
operation requires a request body parameter. In the first generated scenarios, SD4 is used to mock
that LicenseBackendService will return a response with a body. In the second scenario, SD3 is used to
mock an external service because an error response code is returned. For response status verification,
SD6 is used in both scenarios. SD7 was used to verify the returned response body, and from the
instance specification, as expected, the response JSON body was constructed. SD8 is used to verify
that external services were called by the tested microservice.

4. Prototype Implementation of the Test Generation Tool

The test generation tool was implemented as an MCP server using a .NET 10 application. The MCP
server enables the integrated test generation tool to be invoked directly within an IDE that supports
Copilot plugins, such as Visual Studio Code. The tool exposes two primary commands: one for listing
available sequence diagrams associated with a microservice, and another for generating test scenarios
from a selected diagram. This integration allows developers to generate test scenarios directly from
UML model files without leaving the IDE, thereby reducing context-switching and simplifying the
overall workflow.

In addition to the generator, a shared step implementation library was implemented as a class
library using .NET 10, Reqnroll [17], and xUnit [18]. The library contains reusable step definitions
matching the predefined Gherkin steps described in Table 1. Reqnroll provides the BDD infrastructure
for binding Gherkin steps to the executable code, while xUnit serves as the underlying test execution



framework. Once the shared library is referenced in a project, the generated Gherkin scenarios
become fully executable without requiring manual step implementation from the developers.

In Figure 5, test generation tool usage is demonstrated within the Visual Studio Code environment
with an integrated Copilot extension. The right-hand panel shows the interaction with the MCP
server, where diagrams are listed, and the test generation command is executed. The generated
scenarios are automatically created in a feature file, visible in the main editor window. Tests were
generated for the sample diagram from Figure 2. On the left side, the test explorer displays the
execution results, confirming that the generated scenarios (e.g., “Scenario 1” and “Scenario 2”) were
successfully executed.
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Figure 5: Example test generation tool usage in Visual Studio Code

Prototype evaluation was performed in two phases. First, the correctness assessment of the
transformation process from the UML sequence diagram to the Gherkin scenarios was performed.
Second, the effectiveness of the generated Gherkin scenarios was validated by running them against
an actual microservice implementation to assess the ability to detect defects.

To verify the correctness of the transformation logic, a set of initial validation tests was performed.
These tests ensured that sequence diagram elements were accurately translated into the expected
Gherkin steps. The results of this validation are summarized in Table 2. The table presents core
characteristics of sequence diagrams used in the experiments, including the number of message calls
to external systems, the number of lifelines representing a microservice, the number of instance
specifications used in body and response parameters, and the presence of alternative and optional
fragments. In total, 14 test scenarios were generated from the 10 evaluated sequence diagrams. For
all diagrams, request-forming steps SD1 and SD2 were used once per individual-generated scenario.
Sequence diagrams that did not have opt or alt fragments, produced a single test scenario (e.g., D1,
D4, D6, D7, D9, D10). In contrast, diagrams with either alt or opt fragments generated 2 scenarios,
representing the alternative execution paths defined in the sequence diagram (e.g., D2, D3, D5, D8).

Also notable in Table 2 is the variation in the number of instance specifications used in test
diagrams. For example, diagrams D7 and D8 contain 4 instance specifications, which are used to
define concrete requests or response values; as a result, steps SD7 and SD8 were used to validate
response bodies. In the D8 diagram, the operation from the first message call had a body, so SD2 was
used to specify the JSON request body. Overall, all predefined step definitions (SD1-SD8) were used
across the evaluated cases, confirming that the transformation logic covers the set of supported
interaction patterns.



Table 2
Summary of Evaluated Sequence Diagrams and Generated Test Scenarios

Evaluated Sequence diagram Test scenarios generation results
No.  External Lifeline Instance Alt Opt Total Used step definitions:
Message s specifica  fragments fragments | generated Step(count)
Calls -tions scenarios

D1 0 1 0 0 0 1 SD1(1), SD5(1), SD6(1),

D2 2 3 0 0 1 2 SD1(2), SD3(3), SD5(2),
SD6(2), SD8(3)

D3 2 3 0 1 0 2 SD1(2), SD3(3), SD5(2),
SD6(2), SD8(3)

D4 0 1 1 0 0 1 SD2(1), SD5(1), SD6(1)

D5 0 1 0 1 0 2 SD1(2), SD5(2), SD6(2),

D6 0 1 1 0 0 1 SD1(1), SD5(1), SD6(1),
SD7(1)

D7 2 3 4 0 0 1 SD2(1), SD3(1), SD4(1),
SD5(1), SD6(1), SD7(2)

D8 2 3 4 1 0 2 SD2(2), SD3(1), SD4(2),
SD5(2), SD6(2), SD8&(3)

D9 1 2 1 0 0 1 SD1(1), SD3(1), SD5(1),
SD6(1), SD&(1)

D10 1 2 1 0 0 1 SD1(1), SD4(1), SD5(1),
SD6(1), SD&(1)

The generated scenarios were compared against manually defined expected outputs and were
found to match the anticipated results. These validated scenarios were used as a foundation for end-
to-end testing of the test generator. In these automated tests, UML models are provided in XMI format
as input, and the generated feature files were automatically compared against predefined expected
feature files to ensure correct scenario generation.

To assess the validity of the generated tests, a single microservice project was developed as an
experimental subject. The microservice exposes a single endpoint that implements the scenario
shown in Figure 2. The solution includes a separate test project that leverages a shared step library.
Code coverage was measured using the built-in .NET tooling, and mutation testing was done using
Stryker.NET tool [19]. Table 3 contains the results of code coverage and mutation testing of tests
generated from UML diagrams using a test generation tool.

Table 3
Results of code coverage and mutation testing for single endpoint components

Class name Lines of code Code coverage, % Detected Undetected
defects defects
LicensesController 15 100 4 0
FeatureFlagHttpClient 8 100 3 0
LicensesHttpClient 7 100 2 1
Total 30 100 9 1

Although 100% code coverage may appear impressive, it is important to note that the evaluated
endpoint is relatively small, comprising only 30 lines of code. Therefore, the coverage metric alone
does not necessarily indicate test effectiveness. Nevertheless, mutation testing results demonstrate
that the generated tests can detect most of the defects created. The applied mutations included
modifications of request body values, the removal of method calls to external services, and other
mutations. In the case of LicensesHttpClient, one mutation remained undetected. This mutation
removed the validation logic that verifies whether the Licenses service returned the correct status
code. The reason for this gap can be attributed to the UML sequence diagram, which did not include
an alternative fragment specifying the system’s behavior when the LicenseBackend service returns an
invalid response. Overall, the combination of code coverage and mutation testing results indicates
that the generated tests are valid and can detect defects in the implementation.



5. Conclusion

The paper presented an approach for automated microservices test generation based on UML
sequence diagrams. The proposed methodology transforms message interactions specified in a
sequence diagram into predefined Gherkin steps, generating structured behavioral test scenarios.
These scenarios become executable through reusable step definitions implemented in a shared step
implementation library. The test generation results were evaluated using a representative
microservice implementation. The evaluation results, including code coverage and mutation testing,
indicate that the generated tests can detect faults and validate the implemented behavior. The findings
suggest that the proposed approach can produce meaningful and practically applicable tests derived
directly from design artifacts such as sequence diagrams. Future work will involve conducting
experiments with a broader range of sample projects to further evaluate the applicability of the
methodology. Additional improvements may include support for event-driven architecture and
extended handling of HTTP-specific aspects such as headers.
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