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Abstract—This systematic literature review explores the tran-
sition from monolithic architectures to Model-View-Controller
(MVC)-based microservices within web frameworks, addressing
a significant gap in existing research. By synthesizing findings
from academic databases such as IEEE Xplore, Crossref, Google
Scholar, OpenAlex, and Scopus, the study focuses on methodolo-
gies, metrics, and challenges inherent in this migration. Key met-
rics like coupling (afferent, efferent, and generic), Lines of Code
(LOC), Class Hierarchy Metrics (CHM), and system performance
(execution time, CPU usage) are analyzed. The introduction of the
Monolith to Microservices Decomposition Framework (M2MDF)
highlights essential phases of decomposition, addressing the
integration of static, dynamic, and evolutionary data. Results
indicate that despite extensive research on microservices, few
studies target MVC-based migration, identifying a significant
research gap. The practical implications of these findings are
substantial, providing a structured approach to aid practition-
ers in the migration process, thereby enhancing scalability,
maintainability, and alignment with business objectives. Future
research directions include enhancing decomposition techniques,
developing robust tool support, and establishing standardized
evaluation metrics to aid practitioners in effectively transitioning
to microservice architectures, thereby improving scalability and
system modularity.

Keywords—Monolith to Microservice Migration, MVC, SLR

I. INTRODUCTION

In recent years, the rapid development of technology has
significantly impacted sectors such as education, healthcare,
and commerce [1], [2]. The International Telecommunication
Union (ITU) reported that the number of internet users world-
wide reached 4.9 billion in 2021, representing 63% of the
global population. This surge in internet usage underscores
the growing importance of digital literacy and access to
technology. The COVID-19 pandemic further accelerated the
adoption of digital tools, leading to a dramatic shift towards
online learning and remote work [3], [4]. Approximately
85% of businesses reported accelerating the implementation
of technologies for employee collaboration and interaction,

highlighting the urgency of addressing the digital divide and
ensuring digital literacy for all [5], [6], [7].

Monolithic software architecture, despite its fundamental
role, often struggles with scalability, flexibility, and main-
tainability. Transitioning to MVC-based microservices archi-
tecture offers a viable solution, facilitated by the Monolith
to Microservices Decomposition Framework (M2MDF). This
framework, encompassing six phases of data gathering, mono-
lith analysis, microservices identification, optimization, evalu-
ation, and deployment addresses both technical and business
challenges. The transition enhances software flexibility and
scalability but also necessitates changes in project management
[8], team collaboration, and product development strategies
[9], [10], [11].

A. Decision support for migration from monolithic to MVC-
based microservices

Fig. 1 shows the transition from Monolithic to Microser-
vices architectures from 2014 to 2024. Monolithic architecture
adoption dropped from 90% in 2014 to 50% in 2019, with a
projected decline below 20% by 2024. Microservices adoption
increased from 10% in 2014 to 50% in 2019 and is expected
to reach 80% by 2024 [1], [12]. However, MVC Microservices
adoption has remained consistently low, below 10% through-
out this period.

Decomposing monolith-based systems into microservices
poses significant challenges, often involving domain analy-
sis, source code examination, execution traces, and version
information. While important work exists, literature typically
focuses on specific scenarios, domains, or programming lan-
guages [13], [5], [14], [15].
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Fig. 1. Monolith Migration Trends to MVC-Based Microservices

This research introduces a framework to classify key meth-
ods for decomposition projects [1], [16]. Using a Systematic
Literature Review (SLR) and snowballing, we examined 35
articles on decomposing monolith applications into microser-
vices [17]. From 1530 initial search results, the selection cri-
teria ensured relevant, high-quality studies were included: (1)
publication date within the last five years, (2) peer-reviewed
journals or conferences, (3) focus on microservices migration
and related challenges, and (4) availability of full-text articles.

The narrowing process involved several stages [18]. First,
titles and abstracts of 1530 papers were reviewed to exclude
those unrelated to microservices or published before the
specified timeframe, reducing the number to 350 [19]. Next,
a detailed review of these papers focused on methodology,
findings, and relevance to the research question, reducing the
count to 80 [20], [9]. Finally, a full-text review evaluated the
depth of analysis and contribution to the field, leading to the
final selection of 33 papers [21].

B. Existing Literature Reviews Monolith to MVC Microservice
Architecture

Recent secondary research on decomposing monolithic ap-
plications into microservices explores migration rationales,
challenges, and support strategies, focusing on DevOps, de-
velopment tools, techniques, and granularity [8], [22]. Key
challenges include tool selection, team reorganization, mi-
gration decisions, microservices identification, and database
consistency. Drivers for adopting microservices are optimized
scalability, independent deployment, easier maintenance, team
autonomy, loosely coupled services, technology flexibility, en-
hanced infrastructure, agility, reuse, and reduced development
time in table I. The modernization process involves initiation,
planning, execution, and monitoring. Techniques like Model-
Driven (MD), Static Analysis (SA), and Dynamic Analysis
(DA) are evaluated for object-oriented web applications. Gaps
in linking monolithic decomposition with the Model-View-
Controller (MVC) concept suggest MVC can aid modulariza-
tion by defining service boundaries.

TABLE I
RESULTS OF EVIDENCE FINDINGS BASED ON THE REPOSITORY

DATABASE

Database Research Question(s) Main Topics Paper
IEEE Xplore,
Google Scholar

What are the common
challenges faced by orga-
nizations when transition-
ing from monolithic ar-
chitectures to web MVC-
based microservices?

Migration:
Problems &
Challenges

[1],
[16],
[14]

IEEE Xplore,
Google Scholar

What are the key phases
and elements involved in
the decomposition process
from MVC monolithic ar-
chitectures to MVC mi-
croservices, as identified
by existing literature?

Migration:
Problems &
Challenges

[11],
[23],
[24]

IEEE Xplore,
Crossref

What are the existing ap-
proaches, tools, and meth-
ods utilized for decompos-
ing MVC monolithic ar-
chitectures into microser-
vices?

Microservice Ar-
chitecture

[25],
[13]

IEEE Xplore,
Google Scholar,
OpenAlex

How do practitioners eval-
uate the success of mono-
lith to microservices mi-
gration projects, and what
metrics and datasets are
commonly used for eval-
uation?

Migration:
Problems &
Challenges

[20]

IEEE Xplore,
Crossref, Google
Scholar

What are the limitations
and gaps in current
methodologies for
decomposing monolithic
architectures into
microservices?

Migration:
Problems &
Challenges

[9]

IEEE Xplore,
Crossref, Google
Scholar

How do practitioners in-
corporate static, dynamic,
and evolutionary data into
the decomposition pro-
cess, and what challenges
arise from this integra-
tion?

Migration:
Microservice
Extraction

[4], [18]

IEEE Xplore,
Crossref, Google
Scholar

What are the current ca-
pabilities of the research
community in terms of
tool support for monolith
decomposition into mi-
croservices, and what are
the areas requiring further
development or standard-
ization?

Migration:
Problems &
Challenges

[17].

II. RESEARCH METHOD

The research employs a Systematic Literature Review (SLR)
to examine the shift from monolithic architectures to web
MVC-based microservices. Five reputable academic databases
were systematically reviewed. Papers were selected based on
their focus on approaches, frameworks, tools, or methodolo-
gies for migrating to web MVC microservices, excluding
purely theoretical works. The analysis identified key insights,
themes, challenges, and methodologies, leading to the de-
velopment of the Monolith to Microservices Decomposition
Framework (M2MDF) in Table II. The search terms used
included ”monolithic microservices,” ”monolithic moderniza-
tion,” ”microservices migration,” ”microservices challenges,”
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and ”MVC monolithic microservices,” covering publications
onwards in IEEE Xplore, Crossref, OpenAlex, Scopus, and
Google Scholar.

TABLE II
REPOSITORIES DATABASE LOGIC

Repositories
Database

Logic

IEEE Xplore [”Search Key=monolith, AND migration
OR [”Search Key=microservices AND mi-
gration OR [”Search Key=MVC monolith
OR [”Search Key=MVC Microservices OR
[”Microservice challenges”]

Crossref [”Search Key=monolith, AND migration
OR [”Search Key=microservices AND mi-
gration OR [”Search Key=MVC monolith
AND challenge transformation OR [”Search
Key=MVC Microservices AND move OR
[”advantages” AND ”disadvantages”]

OpenAlex ”MVC monolith transformation” OR
”monolith MVC migration” OR
”MVC Microservice transformation”
OR ”Microservice transformation” OR
”Microservice challenges”

Scopus/Science
Direct

[”Search Key=monolith, AND migration
OR [”Search Key=microservices AND mi-
gration OR [”Search Key=MVC monolith
AND challenge transformation OR [”Search
Key=MVC, Microservices AND move

Google Scholar ”MVC monolith transformation” OR
”monolith MVC migration” OR
”MVC Microservice transformation”
OR ”Microservice transformation” OR
”advantages” AND ”disadvantages”

PubMed Title . . . AND. . . OR Title. . .

A. Execution Method

Database repositories like IEEE Xplore, Crossref, Ope-
nAlex, Scopus, and Google Scholar support research on
transitioning from monolithic to microservices architectures,
especially within the MVC framework. These platforms offer
search terms like ”monolith AND migration” and ”microser-
vices AND migration,” focusing on MVC transformation
challenges and benefits. This helps researchers explore migra-
tion nuances, emphasizing the importance of precise research
questions for an effective Systematic Literature Review (SLR).
Despite progress in understanding microservices migration,
gaps remain in Fig 2.

Fig. 2. Bibliometrics IEEE Xplore VS Google Sholar

In this context, we have identified four such research
questions:

• RQ1: What are the key stages involved in decomposing
monolithic applications into microservices, and what are
the main components of each stage?

• RQ2: What current techniques, tools, and methods are
utilized in the process of breaking down monolithic
applications into microservices?

• RQ3: What metrics, datasets, and benchmarks are em-
ployed to assess and validate the decomposition of mono-
lithic applications into microservices?

• RQ4: What are the identified gaps in the existing research
literature on monolith-to-microservices decomposition?

This research consolidates innovations and introduces a
framework to classify key methods for decomposition projects.
Using a Systematic Literature Review (SLR) and snowballing,
we identified and organized research on decomposing monolith
applications into microservices. From 1530 search results,
35 research articles were ultimately examined. Data was
gathered from IEEE Xplore, Scopus, Crossref, OpenAlex,
Google Scholar, and PubMed using the Publish or Perish
tool. In IEEE Xplore, 307 papers addressed ”microservice” or
”monolith,” with only 10 relevant to MVC-based migration.
Scopus yielded no relevant papers, highlighting a research
gap. OpenAlex produced 23 related papers, with 5 deemed
relevant. PubMed had no pertinent findings. Crossref returned
1000 papers, with 9 meeting the relevance criteria. Google
Scholar identified 200 papers on the transition from monolith
to microservices, with 7 relevant to MVC-based migration and
2 SLR.

B. Refinement

The exclusion of studies followed general criteria refined
through a multi-step filtering process. The search queried
various repositories with specific keywords, yielding 1530
results. Refinement Step 1 involved reviewing titles and
reducing the pool to 968 studies. If titles were insufficient,
studies advanced to Step 2, where abstracts and conclusions
were reviewed, narrowing the selection to 126 studies for
full-text review, initially handled by the first author. In Step
3, full-text reviews against inclusion criteria resulted in 92
studies. Further refinement by group-wise filtering led to 33
studies in Step 4, with team reviews focusing on methodology,
experiment, and evaluation.
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Fig. 3. Refinement Steps and Search

The literature review gathered additional references, yield-
ing 941 backward and 594 forward citations. After removing
duplicates and incomplete records, 212 studies were identified.
Step 5 compared these with the initial 968, adding 2 more
studies. The final selection included 2 primary studies and 33
additional studies, ensuring a thorough, high-quality set. Ex-
clusion criteria included duplicate studies, books, patents, non-
peer-reviewed studies, secondary studies, non-English studies,
and pre-2014 publications in Fig. 3.

C. Analysis of the Data

The provided diagram illustrates a systematic process for
extracting data from selected literature in Fig 4. The process
begins with Step 1, where Ground Theory is applied to the
selected studies (full text). In Step 2, obvious and inviolable
elements are filtered out to identify key components. Step
3 involves aggregating these elements to form the initial
M2MDF (Meta-Model Data Framework).

Following the aggregation, the process enters Step 4, an
iterative refinement phase. This phase ensures the M2MDF
aligns with the desired criteria. If the M2MDF fits the
requirements, the data is extracted into the final literature
dataset. If the M2MDF does not fit, further refinement is
conducted (M2MDF Refine) until the framework meets the
necessary standards. This iterative process emphasizes a metic-
ulous approach, ensuring that only relevant and significant
data elements are retained and aggregated. The refinement
loop underscores the importance of continuous evaluation
and adjustment to achieve an accurate and comprehensive
data extraction. The flowchart highlights the importance of a
structured methodology in literature data extraction, involving
initial theoretical application, rigorous filtering and aggrega-
tion, and iterative refinement. This approach aims to produce

a robust and reliable dataset for subsequent analysis, ensuring
the extracted data is both comprehensive and precise.

Fig. 4. Data Analysis Steps

RQ1: Apply Grounded Theory: The M2MDF analysis
was primarily based on memoing, coding, constant compari-
son, and theoretical sorting of the selected literature, following
the principles of grounded theory (GT). Due to the diverse,
informal, and extensive nature of the initial memos and codes,
listing them in the replication package would be impractical
and of limited use to the reader. Furthermore, to preserve
the true essence of the GT approach, readers replicating the
method should not be guided or constrained by our codes.
Instead, we provide a snippet of a selected paper with the
associated memos and codes to illustrate our approach. It is
important to note that given the nature of the study, a full GT
process, including theoretical sampling and saturation, would
not be appropriate when applied to a predefined dataset.

Filter Obvious and Inviolable Elements: Certain migra-
tion elements were clear and essential, even if they had not
previously been assembled into a comprehensive framework.
For instance, the collection of monolith data, analysis of
that data, and identification of the resultant microservices are
fundamental steps in the migration process. Further subclas-
sification of these migration phases was required. Some of
these subclasses were already explicitly identified in previous
studies, such as categories for data collection and analysis.

Aggregates Elements: The research focused on integrat-
ing existing, explicitly identified, and established categories
into an end-to-end decomposition framework. This process
combined elements of GT with a light form of quantitative
content analysis in a mixed-method approach. In studies where
information was not explicitly presented, we synthesized the
appropriate phases and subcategories based on GT, employing
an analytical lens to organize phases and approaches. For
studies with explicitly identified phases and subcategories, we
performed a light content analysis to note and quantify these
elements.

Refinement Iterative After each full-text review, the infor-
mation was analyzed, compared, and categorized. New cate-
gories were assigned when no existing category was suitable.
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The framework was revised incrementally to incorporate new
categories and refine existing ones.

To answer RQ2, RQ3, and RQ4, a data-extraction tem-
plate was developed based on the emerging M2MDF and
the specific research questions. This template was applied to
individual sets of papers, and the results were discussed in
review meetings with the wider group. While the initial data
analysis was performed by the first author, the outputs were
reviewed by all authors. Full-text versions of all studies were
shared, allowing for accuracy assessment by all authors. Dur-
ing the data synthesis stage, the collected data was compared,
organized, and re-organized to address the research questions.
This process was revisited each time a paper was reviewed.
After multiple revisions during the literature review meetings,
the final analysis results were achieved.

III. RESULT AND DISCUSSION

This study analyzes the transition from monolithic architec-
ture to microservices-based Model-View-Controller (MVC) ar-
chitecture using a systematic literature review (SLR) method-
ology. The results show that the adoption of monolithic
architecture significantly decreased from 90% in 2014 to 50%
in 2019, and it is projected to decline further to below 20%
by 2024. Conversely, the adoption of microservices increased
from 10% in 2014 to 50% in 2019 and is expected to
reach 80% by 2024, although the adoption of MVC-based
microservices remains low, below 10% over the same period.
The decomposition process involves identifying microservices
candidates through domain analysis, source code examination,
execution traces, and version information. However, existing
literature largely focuses on specific scenarios, domains, or
programming languages, neglecting a more general approach
in the MVC context in Table III.

This study also covers various technical aspects such as
Coupling (Generic), Afferent Coupling, Efferent Coupling,
Structural Coupling, Instability, among others. For instance,
studies P1 and P3 from IEEE Xplore examine Coupling
(Generic) and Afferent Coupling, while study P2 from Cross-
ref adds elements like Structural Coupling and Instability.
Studies P6 from Google Scholar and P7 from Crossref focus
more on Structural Coupling. This study also notes that re-
search from various sources including IEEE Xplore, Crossref,
Google Scholar, OpenAlex, and Scopus/PubMed highlight
different aspects of migrating to MVC-based microservices.

These findings indicate that although the potential benefits
of MVC-based microservices are significant in improving sys-
tem flexibility and scalability, their implementation still faces
various challenges. The proposed Monolith to Microservices
Decomposition Framework (M2MDF) can assist practitioners
in planning and executing migration more effectively, as it pro-
vides a structured approach for each phase of decomposition.
Future research should focus on developing more comprehen-
sive tools and standard evaluation metrics that can be widely
adopted to facilitate this migration. By addressing existing
gaps and leveraging the M2MDF framework, future research
is expected to make significant contributions to more effective

and efficient software development practices, providing deeper
insights into the adoption and evolution of microservices in the
MVC context.

IV. CONCLUSION

This research explores various aspects of the migration
from monolithic architectures to MVC-based microservices
within web frameworks. The study gathers data from various
academic databases such as IEEE Xplore, Crossref, Google
Scholar, OpenAlex, and Scopus to analyze the trends, method-
ologies, and challenges associated with this migration process.
Several studies (P1, P2, P3, P9, P15, P18, P19, P20, P21,
P30) focus on measuring coupling, including generic coupling,
afferent coupling, and efferent coupling. For example, studies
P1 and P3 from IEEE Xplore evaluate generic coupling and
efferent coupling, while P2 from Crossref also highlights
afferent coupling and generic coupling.

This research also emphasizes the importance of system
modulation and optimization using various metrics such as
LOC (Lines of Code), CHM (Class Hierarchy Metrics), CHD
(Class Hierarchy Depth), and relational cohesion. For instance,
study P5 from IEEE Xplore demonstrates evaluation using
LOC and CHM metrics. Several studies also stress the signifi-
cance of testing and visualization to assess the effectiveness of
the migration process. Additionally, some studies (P6, P7, P12,
P18, P22, P26) from Google Scholar and Crossref highlight
system performance and efficiency aspects, including execu-
tion time, CPU usage, memory usage, and network overhead.
In terms of availability and scalability, some studies (P6, P8,
P10, P16, P17, P19, P23, P30) underscore the importance of
cluster size and the number of microservices.

However, bibliometric analysis of various databases also
reveals that while research on microservices is extensive,
few studies specifically address migration to MVC-based
microservices. This absence indicates a significant research
gap and suggests a substantial opportunity for further ex-
ploration in this area. Overall, this research indicates that
while the migration to MVC-based microservices architecture
offers significant potential benefits, many challenges remain to
be addressed. The Monolith to Microservices Decomposition
Framework (M2MDF) is expected to help overcome some of
these challenges.
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Source
P1[1] V V IEEE Xplore
P2[2] V V V V Crossref
P3[3] V V V V IEEE Xplore
P4[9] V V V V Crossref
P5[14] V V V V IEEE Xplore
P6[9] V V V Google Scholar
P7[19] V V V Crossref
P8[18] V V V IEEE Xplore
P9[13] V V V V IEEE Xplore
P10[3] V V Google Scholar
P11[17] V Open Alex
P12[18] V V V Crossref
P13[12] V IEEE Xplore
P14[11] V Crossref
P15[15] V V V IEEE Xplore
P16[1] V Scopus, PubMed
P17[7] V Scopus, PubMed
P18[16] V V V V V V Crossref
P19[3] V Scopus, PubMed
P20[1] V V Crossreff
P21[16] V V V V IEEE Xplore
P22[11] V OpenAlex
P23[8] V Scopus, PubMed
P24[4] V V V V V IEEE Xplore
P25[4] V IEEE Xplore
P26[10] V V Google Scholar
P27[5] Google Scholar
P28[13] V V OpenAlex
P29[6] V Google Scholar
P30[6] V V V V V V V IEEE Xplore
P31[19] Scopus
P32[14] V Crossref
P33[5] V OpenAlex
P34[16] V Google Scholar
P35[18] V OpenAlex
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