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Abstract

Despite the growing adoption of microservices, many monolithic
systems remain in production due to the high cost and risk of mi-
gration. While existing approaches support various phases of this
transition, there is still a significant gap in the deployment phase,
especially regarding the automated migration of test cases. This
limitation introduces challenges such as broken tests due to cross-
service dependencies and the need to validate newly introduced
remote communications. In this paper, we propose an extension
to the JS-Distributor tool to address these issues. Our approach
automates the migration of test cases from monolithic systems to
microservice-based architectures, generates double functions to
enable isolated unit testing, and creates tests for validating remote
interactions between services. The solution is driven by a YAML-
based configuration that defines the distribution of functionalities
across services. We evaluate the proposed approach by demonstrat-
ing that migrated tests can be executed both independently within
microservices and in a fully deployed distributed environment. Re-
sults show that the generated tests are capable of detecting both
pre-existing bugs and new issues introduced during migration, thus
helping preserve system functionality and improving reliability in
the transition process.
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1 Introduction

Despite the industry shift toward distributed systems, many large-
scale monolithic applications remain in production [10]. This per-
sistence is often due to the considerable time and risk associated
with migration. As Abgaz et al. [2] illustrate, a substantial body of
literature addresses the identification of microservice boundaries
through manual, semi-automated, and fully automated approaches.
These methodologies employ diverse strategies, such as semantic
proximity based on API specifications [3], machine learning tech-
niques [7] and clustering methods [9]. However, there remains a
significant research gap in deployment, as pointed out by Abdul-
lah et al. [1]. While their work advances the literature toward this
direction, focusing on optimizing decomposition for performance
and cost, it leaves a critical gap: the automated migration of test
cases.

This omission is problematic because it leaves the behavior of
cross-boundary test function calls to the architect’s discretion. If
a test invokes a function outside its designated server in the new
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microservice-based architecture, it can no longer run without start-
ing the target server to respond to the remote invocation, breaking
unit tests that run on Continuous Integration/Continuous Deploy-
ment (CI/CD) pipelines. Furthermore, the introduction of new re-
mote calls for the microservices to communicate leads to the need
for new tests, to verify and validate if parameters and return val-
ues are treated correctly, according to the chosen communication
technology. Section 2 illustrates these problems.
This highlights the need for a tool to:

e Migrate the test cases from the monolith to the microservices
so that they can run in the new distributed architecture;

o Generate double functions so that unit tests can execute in
individual microservices without the need to run multiple
servers; and

o Test the newly generated remote functions in order to vali-
date parameters and return values.

In light of these requirements, we propose an extension to JS-
Distributor, a tool that helps in the migration of monoliths to mi-
croservices with focus on producing executable and deployable
code [5]. JS-Distributor automates the deployment phase using a
single YAML configuration file, which dictates the specific server al-
location for each extracted functionality. In this paper, we describe
how the extension fulfills the stated requirements. We also present
an evaluation that demonstrates how the migrated tests can be
executed either individually, as unit tests within each microservice,
or in the complete environment, with multiple running servers. We
also demonstrate that the generated tests can detect the same bugs
as those found in the monolith, as well as new bugs introduced in
the migration process, helping ensure that the original monolith’s
functionality is preserved in the new microservice-based version.

2 Illustrative Scenario

Consider a typical migration scenario: A software architect is tasked
with decomposing a monolithic application into microservices. Be-
cause this process is highly error-prone, a requirement is that the
existing unit and integration tests must remain fully operational
post-migration to ensure functional equivalence. Listing 1 presents
an example of monolithic functions targeted for migration. Notice
that the function saveCustomer invokes toUpperCase and split.

1 export function saveCustomer(name, address, ...) {

2 const words = split(name);

3 const lastName = toUpperCase(words.at(-1));

4 const middleNames = words.slice(1,-1);

5 // save customer in the database

6

7}

s export function toUpperCase(str){//Converts to upper
case}
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9 export function split(str,separator=","){//Splits a
string}

Listing 1: Monolith Code Example

Listing 2 shows a possible test suite for these functions, using
Jest! and Supertest?. Lines 1-13 group unit tests for the string ma-
nipulation functions (specifically, lines 2-7 test the split function
and lines 8—12 test the toUpperCase function). Lines 14-20 focus
on database-related functionality. In the monolith, these test cases
can run normally, as each function can be invoked locally.

Suppose that the monolith is partitioned into two servers: alpha
and beta. If the saveCustomer function is deployed to the alpha
server, while its dependencies, split and toUpperCase, reside on
the beta server, the saveCustomer test, depicted in Listing 2, will
not execute unless both servers are up and running, because it
invokes functions that do not exist on the alpha server. This inter-
dependency affects CI/CD automation. Furthermore, assume that
split is exposed as an HTTP endpoint and toUpperCase as an Ad-
vanced Message Queuing Protocol (AMQP) consumer. The system
then becomes susceptible to bugs introduced by these new layers,
highlighting the need for additional testing.

Manually migrating these tests is tedious and time-consuming.
Engineers must rewrite existing tests for each new microservice
to validate their isolated functionality. Furthermore, they must
develop custom mechanisms to execute inter-service calls, which
is essential for surfacing communication-related bugs.

1 describe('String Functions', () => {
2 test('should split a string by separator', () => {

3 const str = "hello,world";

4 const separator = ",";

5 const result = split(str, separator);

6 expect(result).toEqual (["hello", "world"]);

735

8 test('should change to upper case', () => {

9 const str = "hello world";

10 const result = toUpperCase(str);

11 expect(result).toBe ("HELLO WORLD");

12 3);

13 })

14 describe('Use Database', () => {

15  test('Should return customer', async () => {

16 const in = { name: "Lumi", addr: "R. Flores",...3};

17 const out = { name: "Lumi", addr: "R. Flores", ...};
18 const res = await saveCustomer(in.name,in.addr, ...);
19 expect(res).toEqual(out);

20 3);1)

Listing 2: Monolith Test Case Example

3 Functionalities

We now detail how JS-Distributor is utilized to correctly migrate
both the monolithic functions and their associated test cases to the
distributed servers. Because this paper serves as an extension of
prior work [5], we focus on the test migration process, which is the
primary contribution of this study.
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3.1 Test Case Isolation

The baseline tool is already capable of migrating monolith code,
including the test cases, to microservices [5]. Therefore, basic end-
to-end test scenarios, where test cases execute while all servers are
running, were already supported.

However, in order to execute unit tests, where each microservice
is tested individually, potentially within a CI/CD pipeline, the gen-
erated code does not work. This is because JS-Distributor replaces
local calls with remote calls, even in the test cases.

In this extension, we solve this problem by cloning the source
code of each migrated microservice, including all configuration
files and other assets, into new folders dedicated to independent
unit testing. These folders will receive the -test-server suffix. The
copies are then modified to replace every remote call with a local
substitute, so that they can run locally. Except for these remote
calls, the original functionality is retained.

As a result, there are now two options for testing the new archi-
tecture. The original monolith tests, which potentially have inter-
dependencies between multiple microservices, can be executed as
integration tests that exercise the entire distributed architecture.
And the tests in the cloned microservices can be executed as unit
tests, exercising the logic within themselves.

The next section describes how these local substitutes are de-
fined.

3.2 Test Mocking Techniques

Prior to migration, it is highly recommended that the software
architect review the existing test scenarios to determine the appro-
priate isolation strategy. For example, the architect could identify
which dependencies require mocking and which should be directly
copied to these newly cloned test servers. The goal is to ensure that
microservice test cases can be executed independently.

To support the first of these strategies, the tool enables the cre-
ation of custom double functions that eliminate the need for ex-
ternal network calls and allow the developer to focus strictly on
validating internal functionality within the isolated test server. To
utilize this, the developer declares the double function, implements
the desired logic, and names it by prepending mock_ to the orig-
inal function’s name. JS-Distributor then automatically replaces
the original function with this mocked implementation on any test
server where the original function is not deployed.

If a double function is not provided, JS-Distributor copies the
original function that has been moved to a different server and uses
it as a local double. This option frees the developer from having to
define double functions, but it introduces code duplication across
different microservices. This redundancy poses a risk as the system
evolves, potentially leading to divergent changes or architectural
drift where outdated logic persists in one service while being up-
dated in another. Consequently, this approach is highly discouraged
for large components or functions containing critical business logic.

3.3 Testing the Remote Calls

The proposed extension enables the detection of communication-
related bugs, as well as request and response parsing issues, directly
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Figure 1: JS-Distributor internal design with Babel

on the test server. This is achieved by detecting whether a test
invokes a remote function and automatically replacing the origi-
nal function call with a simulated HTTP request generated using
Supertest. Listing 3 shows the generated saveCustomerApiTest
function. This function makes a simulated request to the GET end-
point, passing all parameters into the URL query string, and parses
the resulting HTTP response as a JSON string.

1 async function saveCustomerApiTest(name, addr, ...) {

2 return JSON.parse((await request(app).get( /
saveCustomer?name=$%${name }&addr=${addr}... )). text)
.executionResult;

3 3
Listing 3: Generated HTTP Mocked Call

This feature allows integration-level validation tests to run exclu-
sively on the current server, enabling the validation of parameters
and return values without the need to run all servers.

JS-Distributor natively supports AMQP calls, but this feature
was not implemented in the current extension. Therefore, adding
this capability is left for future work.

4 Internal design

Under the hood, JS-Distributor uses Babel® for Abstract Syntax
Tree (AST) code manipulation, representing an evolution from
the previous version of JS-Distributor, which used ANTLR? [5].
Babel now handles the parsing of the monolithic codebase and
provides a native visitor pattern implementation. Consequently,
this eliminates the need to maintain a custom grammar and lexer.

Figure 1 illustrates how the extended JS-Distributor tool works.
A custom Babel visitor traverses the monolith’s ASTs and replicates
the original functions, replacing local calls with remote ones (green
boxes, in the figure), so that the distributed version’s functionality
is equivalent to the monolith’s. In the test servers, these same
functions are replaced with local doubles (red boxes, in the figure).
And those functions that are exposed as HTTP endpoints are tested
using simulated HT TP requests in Supertest (yellow boxes, in the
figure). The result is that each test server can run independently

3babeljs.io
4www.antlr.org

(notice that there are no arrows representing external calls in the
test servers).

5 Usage

In JS-Distributor, the integration and deployment phase is orches-
trated through the following steps:

5.1 Declaring the module

A declarative YAML configuration file maps specific functions to
their target servers and defines essential auxiliary parameters, such
as the source code directory of the JavaScript monolith and the out-
put storage location. In the proposed extension, a new optional
boolean configuration named generateTestServers was intro-
duced. This instructs JS-Distributor to generate the test servers,
including the double functions and simulated HT TP request tests.

An example of this configuration is shown in Listing 4. Lines 1-4
contain the global configuration, with line 3 showing the new flag.
The subsequent lines (5-22) declare each server’s name, connection
settings, and function settings, such as the name of the function
residing on each server and the communication method to be used.
In this example, saveCustomer is deployed to alpha (as an HTTP
POST endpoint), and split and toUpperCase are deployed to beta
(as HTTP GET and POST endpoints).

codeGenerationParameters:
generateTestServers: true
servers:
- id: alpha
http:
url:
port:

# New flag

localhost
3000

© ® N e G e W o e

functions:

- declarationPattern:
method: http-post
- id: beta

http:
url: localhost
port: 3001

functions:

'saveCustomer

- declarationPattern:
method: http-get

split


babeljs.io
www.antlr.org

SBES 2026, September 8-11, 2026, Sao Paulo, SP, Brazil

20 - declarationPattern: 'toUpperCase'
21 method: http-post

Listing 4: Yaml Configuration File

5.2 Execution and Test Transformation

Once the input codebase and YAML configuration are ready, JS-
Distributor is executed to initiate the monolithic decomposition.
During this phase, the existing test suite is automatically partitioned
and transformed, following the procedure explained in the previ-
ous sections. In this example, four folders are generated: alpha,
alpha-test-server, beta and beta-test-server.

5.3 Execution of Unit Test Cases

Once the isolated test servers are generated, the developer can
navigate to the respective output directories for the test servers
and execute the test suite using a standard package manager (e.g.,
via the npm® test command). This can also be done in a CI/CD
pipeline, as there are no external dependencies. This step validates
the internal logic of each isolated component, as well as the newly
introduced communication layer.

5.4 Execution of Integration Tests

Finally, by concurrently initializing all generated servers, the devel-
oper can execute the transformed test scenarios as full integration
tests. This phase is critical for validating inter-service dependencies,
ensuring that remote invocations are working correctly, such as
a function on alpha server invoking a function on the beta server

through HTTP.

6 Evaluation
In this evaluation, we defined five criteria:

¢ Independent test execution: It should be possible to run
isolated unit tests that exercise each microservice’s own logic.
This should be possible without starting any server;

¢ Independent endpoint testing: It should be possible to
test the newly generated HT TP endpoints without the need
to fire up the servers;

o Integrated test execution: It should be possible to run
the original monolith tests in order to exercise the entire
system’s logic as it was in the monolith. This requires all
servers to be up and running;

e Ability to detect the same bugs: After migration, it should
be possible to detect the same bugs as before;

o Ability to detect new bugs: Bugs introduced during the
migration process should be detected; and

e Preservation of test coverage: After migration, the test
suite should achieve a level of code coverage comparable to
that of the original monolith, ensuring that no significant
portions of the system become untested.

For the evaluation, it was used AcmeAir®, a well-established
benchmark application frequently cited in microservice literature

Swww.npmjs.com

Sgithub.com/acmeair
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[2, 7]. A modernized version was used, where all runtime libraries
were updated’.

However, AcmeAir did not include a test suite. Therefore, Claude
Code® (running the Opus 4.7 medium effort model) was used to
generate test cases. With the objective of generating tests that
could run on the monolith, detect bugs, and present a high level of
coverage, the following prompt was provided (in Portuguese):

“Ineed unit tests created for all functions in route/index.js and in-
tegration tests that verify the combined behavior of these functions.
I'm looking for high test coverage”

Listing 5 illustrates one generated test case. Lines 1-2 show
the test scenario setup, where a simulated database interruption is
expected. Line 3 shows the actual request being made, and line 5
expects an exception to be thrown. This test fails if an exception is
not properly handled and formatted before being returned to the
remote caller.

1 it('Propagates the exception when validateCustomer (

findOne) throws - call out side try/catch block',
async () => {

2 spies.findOne.mockRejectedValueOnce(new Error('db
down '));

3 const req = makeReq({ body: { login: 'alice',
password: 'pwd' } });

4 const res = makeRes();

5 await expect(routes.login(req, res)).rejects.
toThrow('db down');

6 expect(res.cookie).toHaveBeenCalledWith('sessionid
o)

735

Listing 5: AcmeAir Test Example

A total of fifty-one (51) unit and integration test suites were
generated. All test cases were reviewed by the authors, and passed
successfully when executed in the monolith. Because we wanted
to verify if the migration process does not change the tests’ ability
to detect bugs, we manually introduced a mutation by removing a
simple verification in the monolith’s code. As a result, one test case
failed, as shown in Figure 2.

Next, JS-Distributor was used to split AcmeAir into two servers,
alpha and beta. Some functions were deployed to alpha, some to
beta, and some functions were maintained in both servers (this is
possible in JS-Distributor, and especially useful for some helper
functions used in many places).

Since the new configuration flag was set to true, the correspond-
ing test environments, alpha-test-server and beta-test-server, were
also automatically generated.

The migrated tests ran on the distributed version. In order to al-
low inter-service communication to succeed, alpha and beta servers
were started. The bug detected in the monolith was also detected
by the migrated tests in the microservice-based architecture.

In the following step the test cases within alpha-test-server and
beta-test-server were executed. As expected, the tests were suc-
cessfully executed in isolation, i.e. without requiring the servers
to be started. The bug detected in the monolith was also detected
here, in both test servers, because the bug was contained in a helper
function that was present in both servers.

7 github.com/dlucredio/acmeair-nodejs
8claude.com/product/claude-code
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tests/routes.unit.test.js checkForValidSessionCookie retorna 483 quando o cookig
é sé espagos em branco

tests/routes.unit.test.js:
76 next = vi.fn();

routes. (req, res, next);
(res.sendStatus). ;

(next).not.

Figure 2: Test results for the AcmeAir monolith.

However, the test cases in alpha-test-server revealed that a new in-
tegration error had been introduced during the decomposition pro-
cess. Because validateCustomer was transformed into an HTTP
POST endpoint, any exception raised inside it (for example, when
the database is down) is not automatically encapsulated into a
proper HTTP response for the caller to process (JS-Distributor does
not implement this encapsulation). Instead, it is captured by the
API HTTP layer (express’) and sent to the caller in the form of
HTML content. This causes another exception when the client code
tries to parse this content as JSON.

Lines 1-3 of Listing 6 show the generated simulated HTTP POST
endpoint for validateCustomerApiTest. It is possible to notice
that there is no try/catch block surrounding this endpoint.

1 export async function validateCustomerApiTest(username,
password) {

2 return JSON.parse((await request(app).post('/
validateCustomer ').send(
3 {"username": username, "password": password})).text

).executionResult;}

Listing 6: Generated code sample on alpha-test-server

Without an error-handling mechanism at this newly established
network boundary, a parsing error ensues, thus preventing the
caller from receiving the anticipated error payload. The resulting
error output is depicted in Figure 3, which shows the manually
introduced bug already detected in the monolith and the newly
introduced communication error.

We then proceeded to analyze test case coverage. Table 1 sum-
marizes the results.

As can be seen, statement coverage in the distributed version is
very similar to that of the monolith. The lower coverage observed
in the beta integration tests can be explained by the fact that one
function allocated to the beta server is never executed, since it is
only invoked by a function located in the alpha server. As a result,

9expressjs.com
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tests/routes.unit.test.js > login > Propagates the exception when validateCustomer (
findOne) throws — call out side try/catch block

Expected: “db down™
Received:

tests/routes.unit.test.js:

res = O3
(routes. (req, res)).rejects.

(res.cookie). ©

Figure 3: Test Results for alpha-test-server

Table 1: Coverage analysis.

Distributed

Monolith Unit Integration

alpha  beta  alpha  beta

Statement  99.57%
Branch 85.41%

99.57% 99.57% 99.54% 91.94%
85.41% 8541% 86.11% 59.37%

the beta tests do not exercise this code. This is not a concern, as
integration tests are not intended to be analyzed in isolation.

6.1 Discussion

Based on the results, the following conclusions can be drawn re-
garding the established criteria:

¢ Independent test execution: It was possible to achieve
isolation without requiring manual effort from the software
engineer. When generating the test servers, JS-Distributor
automatically detected remote calls and replaced them with
local doubles, enabling independent testing. This is particu-
larly important for CI/CD pipelines;

¢ Independent endpoint testing: The newly generated end-
points were successfully tested by the generated test cases
that simulate HTTP requests. These tests run locally, and
are also suitable for CI/CD pipelines;

o Integrated test execution: The monolith’s test cases were
successfully executed in the distributed version, provided
that all servers are running. This demonstrates that JS/Dis-
tributor can migrate tests automatically;

e Ability to detect the same bugs: The bug detected by the
monolith’s test cases was also detected by the migrated test
cases. Of course, it was a single bug, manually inserted, there-
fore the empirical evidence is somewhat limited. Ideally, a
more robust set of mutants should be used to better compare
the bug detection ability of the migrated tests with that of
the original tests;

o Ability to detect new bugs: The HTTP simulation tests
generated by JS-Distributor detected an issue in exception
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handling, revealing a bug that was introduced by the mi-
gration. This allows the software engineer to fix the bug
and prevent faults from occurring. It also revealed a possible
improvement to JS-Distributor (automatic encapsulation of
exceptions thrown by remote functions); and

e Preservation of test coverage: Code coverage remained
largely unchanged, indicating that the migration process
did not significantly alter the portions of the system being
exercised by the tests.

7 Related Tools

In Abgaz et al. [2]’s literature review, the research from Abdullah
et al. [1] is cited as one of the few studies that operate directly
in the deployment phase. Their approach uses runtime data to
identify URLs with similar behavior and group them into microser-
vices. However, rather than physically partitioning the monolithic
codebase, their tool clones the entire monolith for each identified
microservice and utilizes a load-balancing proxy to redirect requests
to the corresponding server. While this method does not fully de-
couple the source code, a distinct advantage of this proxy-based
approach is that it inherently preserves functional equivalence in
the new architecture.

Another relevant study by Carvalho and Aradjo [4] introduced
Node2Faas$, a tool designed to process JavaScript source code and
transform local functions into remote AWS Lambda calls. While
the authors concluded that the tool aids in migration, they noted
that because the user cannot dictate which functions are migrated,
some extractions yielded sub-optimal or negative results.

Furthermore, because the migrated function code remains trans-
parent to the callers, the system becomes susceptible to communi-
cation/related bugs. Unlike JS-Distributor, Node2Faa$ does not pro-
vide an automated mechanism to validate the migration. Mono2Rest
[6] proposes a two-step migration pipeline. Initially, the tool identi-
fies microservice boundaries by analyzing cohesion metrics, cou-
pling metrics, and semantic similarity, subsequently applying a
multi-objective optimization algorithm to this data. The second
step utilizes machine learning models to identify the interface of
each newly defined cluster. Based on the original function names,
the tool automatically generates corresponding REST endpoints by
inferring the appropriate URIs and HTTP methods. However, rather
than physically decoupling the source code, Mono2Rest merely
wraps the existing monolithic logic in REST calls. While this net-
work wrapping could potentially introduce communication-related
errors, it can be argued that preserving the original codebase signifi-
cantly reduces the overall error surface. Similar to other approaches,
this tool is confined to Java applications.

Recently, research has explored the use of Large Language Mod-
els (LLMs) for code decomposition. For instance, Sellami [8] propose
an LLM-based approach that, unlike JS-Distributor, is theoretically
language-agnostic, although their implementation and empirical
evaluation were confined to Java. However, relying on LLMs intro-
duces a lack of determinism regarding how functions are migrated.
To mitigate this, their proposed pipeline includes a step for exe-
cuting test cases, allowing for LLM-driven or manual corrections
before final deployment.

Navas and Lucrédio

8 Conclusion and Future Work

In this paper, it was introduced a novel feature of JS-Distributor
that enhances post-decomposition validation. By combining the
generation of simulated HTTP functions with the ability to copy
or mock external function calls, the tool enables developers to
validate each server independently. It also helps verify whether the
newly introduced HT TP layer has not introduced bugs and works
as expected. This greatly facilitates the execution of test cases in
CI/CD environments. It also maintains the original ability of the test
cases to run in the distributed version, allowing integration tests
to be conducted. The fact that these tasks are mostly performed
automatically, with little to no effort required from the software
engineer, is the main contribution of this research.

To evaluate this extension, it was used a modernized JavaScript
implementation of the AcmeAir benchmark. Following a two-server
decomposition scenario, the migrated test suite were executed and
demonstrated that it retained the ability to detect a bug introduced
in the monolith. It also surfaced an integration error related to
HTTP network boundaries that was introduced in the migration
process. This highlights the importance of post-migration testing.

The results reinforce the motivation and contributions of this
research. There is a known research gap in the implementation and
deployment phases of the monolith decomposition process [2]. This
includes tools capable of both decomposing a monolith and actively
validating the resulting architecture. In practice, JS-Distributor pro-
vides a high degree of automation, allowing developers to conduct
the migration with less effort and more confidence in the final
result’s correctness.

The current iteration of JS-Distributor is limited to applications
developed in JavaScript. Nonetheless, as JavaScript remains a dom-
inant language in web development, this scope addresses a highly
relevant ecosystem. Additionally, the extension did not address
AMQP calls. Future work could focus on expanding support to
AMOQP and including TypeScript.

For future work, we plan to conduct a more robust evaluation,
possibly with mutant-based testing, in order to more thoroughly
compare the migrated tests’ ability to detect bugs with the original
ones.

In the next phase, it is planned to extend the tool to automatically
generate JavaScript test code designed to collect non-functional
metrics, such as performance and scalability. By providing empiri-
cal runtime data, this enhancement aims to facilitate and optimize
architectural decision-making regarding the newly migrated mi-
croservice environment.

Artifact Availability

The tool is available as open source software under the MIT Li-
cense in the following address:
https://doi.org/10.5281/zenodo.21415687
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