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Abstract:
							                           
— Microservices have emerged as a software design paradigm where small, autonomous services interact to meet business requirements. However, transitioning from monolithic systems to microservices presents challenges, especially when multiple subdomains share transactional tables to maintain referential integrity across separate databases. Ensuring each microservice handles business data while adhering to ACID properties—namely, atomicity, consistency, isolation, and durability—is crucial. This requires unique, consistent, and low-dependency data from a business domain perspective.Systematic Literature Review serves as a secondary research method aimed at evaluating the existing body of scientific literature. It helps identify existing work, highlight research gaps, and propose new research directions. In software engineering, SLRs offer a comprehensive overview of studied research areas. 


This article reports an empirical study based on a systematic literature review aimed at identifying modeling techniques for segmenting data structures during microservice design. The review found limited methods to address the appropriate level of data granularity per microservice. These findings highlight a need for further research into processes and methodologies that can effectively handle data segmentation and consistency within microservice architectures.
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 I. Introduction


Microservices architecture is a software architecture style focused on using small, lightweight services designed to adapt to dynamic business environments [1]. Each microservice results from decomposing monolithic systems or is modeled as an independent component from development to deployment. This approach enables the scalability and evolution of each service with autonomy over its data stores.

A microservices ecosystem manages its governance by delegating business responsibilities to each service, with boundaries defined by subdomains that handle specific parts of the business process. However, defining the subdomain for each microservice introduces several complexities when data entities that are closely related are shared. This approach necessitates maintaining independent data stores for each microservice, leading to various challenges such as ensuring the atomicity, consistency, isolation, and durability (ACID) of data, managing transactions and their dependencies, and defining mapping rules, among others [2].

Microservices are the result of breaking down an application services into smaller components to enhance composability, agility, deployment, and alignment with business objectives [1]. Shahir et al. state that decentralized data management is a crucial design characteristic of microservices. They propose that each microservice should manage its own database, as using a shared database violates the principles of microservices architecture. Therefore, a key element is to ensure that each microservice maintains its own data storage [2].

There is a growing demand for data-driven web applications, such as those used for recommendations, predictions, and segmentation. These applications are often transformed into complex conglomerates of services that operate with challenges in coherence and management within their architecture [3] Microservices can be a potential solution. Unlike traditional services, microservices represent an architectural style focused on decoupling and specialization. The guiding principle is that each microservice should perform a single task in the most efficient way and be easy to understand. This task should have the smallest possible function, but not necessarily the minimal one [1], [4], [5], [6],  this leaves software architects with the responsibility of finding a middle ground and determining the appropriate level of function and data granularity based on their experience and judgment. According to authors like Nadareishvili et al., breaking a service into smaller parts requires a method that establishes the criteria for a minimum viable level of granularity to be managed by each microservice [7]. The existence of a minimum viable size is not proposed. Instead, they note that there is no definition in the literature regarding how small or independent microservices should be [8], ultimately leaving it to those designing microservices to establish their own guidelines.

Data modeling initially relies on the abstraction of business entities, evaluated as a unified set with attributes, relationships, and interactions [9]. In microservices design, this modeling must be segmented, with each microservice specializing in a specific section. This involves defining an individual storage strategy, consuming data from other microservices, and mapping to the original data source.

The authors highlight the need for existing or new methods in the literature to guide the segmentation of data structures, ensuring viable microservices implementation. Without such methods, designers may rely on intuition and trial and error, potentially breaking design principles, consuming excessive resources, and blurring distinctions from traditional SOA services.

In a preliminary literature review, the authors did not find a proposed method for segmenting a business data model or determining the appropriate granularity for each microservice. Therefore, a more comprehensive study through a Systematic Literature Mapping is necessary to identify the presence or absence of such methods in the scientific literature. Identifying these methods would help highlight and disseminate them among software architects and researchers, promoting microservices architecture as a viable option. Conversely, if no such methods are found, it would open a new research area focused on this specific topic.

The study aims to conduct an exhaustive literature search to determine if methods exist for segmenting data structures in microservice design. The article explores the challenge of aligning microservice principles with a method to determine the appropriate data granularity (fine or coarse) for each service without physically dividing the business domain while ensuring better efficiency, performance, and balance of the microservice.

This article is structured as follows: Section II describes the Systematic Review procedure, including the method, research questions, inclusion and exclusion criteria, search strategy, selection process, and data extraction. Section III details the techniques found for data modeling in microservices. Section IV discusses the results obtained. Finally, Section V presents the conclusions of the study.





 II. Systematic Review





A. Research Framework



According to Kitchenham [11] in several of his collaborations, has established the main approaches to carry out literature reviews rigorously in the field of software engineering such as Systematic Literature Review, SLR; Systematic Mapping Study, SMS [10] and Mapping Review Combined with a Systematic Review. A Systematic Mapping Study (SMS) is defined as “a broad review of primary studies in a specific topic to identify the available evidence in that area”. In this context, primary and secondary studies are distinguished. A primary study is “an empirical study investigating a specific research question”, while a secondary study is “a study that reviews all primary studies related to a specific research question with the aim of integrating/synthesizing the evidence related to that research question”.

A Mapping Review Combined with a Systematic Review provides a structured reporting framework for research, often presenting results through categorization, which frequently offers a visual summary of its findings (the map). The analysis of results is conducted by extracting relevant information and categorizing it to determine the contributions of primary studies within the research area.

In addition to SMS, there are other types of secondary studies, such as Systematic Reviews. According to Kitchenham and Charters [10], a Systematic Literature Review is “a type of secondary study that uses a well-defined methodology to identify, analyze, and interpret all evidence related to a specific research question in an objective and repeatable manner (to some degree)”.

Given the issues outlined in the introduction and the objectives set for this research work, an SMS was chosen as the proposed Research Framework.






B. Methodology



To minimize potential threats to the validity of the research and to provide appropriate answers to the research questions, the authors have chosen to use a Systematic Mapping Study (SMS) following the process below [10], [11]:




	1. 
						Research Question


	

Problem Statement




	

Research Questions








	2. 
						Inclusion and Exclusion Criteria


	

Selection Criteria








	3. 
						Search Strategy


	

Control Group




	

Search String




	

Candidate Studies








	4. 
						Selection Process


	

Candidate Studies




	

Study Selection




	

Primary Studies








	5. 
						Data Extraction


	

Feature Extraction




	

Model Extraction












Figure 1 presents the sequence of steps performed as part of the Systematic Mapping Study applied to this research project.
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Fig. 1.



Systematic Mapping Study Process




















C. Research Question





1) Problem Statement


Unlike traditional SOA services, a distinctive characteristic of microservices is that, by design, each one should have its own specialized and independent data model and storage. This approach avoids direct references between services, making them more decoupled and modular, enabling the composition of more complex deployments [2].

During business data modeling, analysts typically abstract all entities, attributes, relationships, and interactions to create a unified representation model [9]. However, in the design of microservices, it is necessary to segment the data to identify, for each microservice, the relevant entities, attributes, relationships, and interactions specific to its limited scope.

This segmentation process is often based on the intuition and judgment of the developer or software architect, lacking a guideline or method grounded in theory that defines the optimal level of granularity and the appropriate boundaries for subdivision.

Thus, there is a need to explore the scientific literature for proposed methods for data structure segmentation. If such methods are found, they could strengthen the theoretical and practical aspects that would encourage broader adoption of microservices architecture according to its theoretical conception. Without a defined method, each practitioner may select the desired level of granularity based on intuition and trial and error. This could lead to violations of certain design principles, excessive resource consumption, and neglect of the necessary differentiation from traditional SOA services, rendering microservices almost unnecessary.





2) Research Question


To ensure a comprehensive research approach to the proposed problem, the following research questions were defined by mutual agreement among the authors:




	

RQ1: What data modeling techniques can be used for business data segmentation in the construction of microservices?




	

 RQ2: How can the granularity of microservices be modeled or established?








Table 1 presents the aspects that these research questions aim to address.




TABLE I.




OBJECTIVES OF THE RESEARCH QUESTIONS









	
Question ID

	

Objective





	QR1
	Determine which data modeling techniques exist for data segmentation in the implementation of microservices. If any are found, detail the characteristics of the proposed data segmentation procedure and discuss its coverage in relation to the proposed problem.



	QR2
	Identify the approaches used to define and measure the levels of functional and data granularity in the implementation of microservices.





























D. Inclusion and Exclusion Criteria





1) Inclusion Criteria:





	
The article describes a method aimed at data segmentation in microservices design.



	
The article describes a process or data modeling technique focused on data segmentation in microservices design.



	
The article describes aspects or criteria used to define the granularity of microservices.



	
The article presents examples or case studies demonstrating the application of data segmentation in microservices design.



	
The article discusses the challenges of not having or being unable to define a data segmentation method in microservices design.










2) Exclusion Criteria:




	
Articles that only define the concepts, benefits, criteria, or implementations of microservices architecture, without addressing the incorporation of a method for data segmentation in microservices design.



	
Articles that focus solely on the design or applicability aspects of microservices without addressing data modeling.



	
Articles that address data segmentation but do not focus on its applicability to microservices.










3) General Criteria:




	
The search will be conducted in recognized scientific databases: Web of Science, IEEE Xplore, Scopus, and Science Direct.



	
Only articles with full-text availability will be considered.



	
Articles from the last three years will be considered, as this period encompasses the existence of microservices architecture.



	
Additional articles will be considered through snowballing or opportunistic searches, as needed.














E. Search Strategy




 1) Control Group 


Based on the proposed topic, each author independently conducted preliminary searches in scientific databases using the terms identified in the research questions and their intuitive judgment to find related articles. The articles presented by each author are listed in Table II.




TABLE II.




Initially Identified Articles









	
Author

	

Articles





	Author 1
	[1], [12], [13], [14], [15], [16], [17]



	Author 2
	[1], [14], [17], [18], [19], [20], [21]






















A review meeting was subsequently held to focus on selecting articles most closely aligned with the objective of the study by reviewing titles and abstracts.

The control group was formed with the articles presented in Table III.




TABLE III.




Articles Forming the Control Group









	

Control Group Articles





	[1], [14], [17], [18], [20], [21]






















2) Search String

To construct an appropriate search string for this study, the definition of Population, Intervention, Outcomes, and Context (PICO) was used [22]. The terms were derived from the review of the Control Group articles and the Research Questions.

Additionally, synonyms or alternative words for key terms were identified. This broadens the scope of the search and helps to retrieve the maximum number of relevant primary studies on the topic.

The results of this activity are shown in Table IV.




TABLE IV.




Elements in the Research Questions Structure









	
Population

	Software architects and analysts, software researchers
	Software analysts, software researchers



	
Intervention

	Microservices (alternative: Microservitization)
	microservice, microservitization



	
Outcomes

	Data granularity (alternatives: database, data segmentation, data modeling)
	granularity, database, data segmentation, data modeling



	
Context

	Software development companies, software development teams, software consultants, software researchers, software product creators, software industry
	software companies, software teams, software researchers, software product creators






















The search strings were constructed by combining terms from the Intervention and Outcomes sections. The final expression was formed by conjunctions between sub-expressions in each group. A pilot test of preliminary search strings was conducted in the Scopus digital library. The results are presented in Table V.




TABLE V.




Pilot Results for Search String in Scopus









	
Search String

	
Count




	(''microservices'' AND ''granularity'')
	14



	((''microservices'' OR ''microservitization'') AND (''granularity'' OR ''database''))
	95



	((''microservices'' OR ''microservitization'') AND (''granularity'' OR ''database'' OR ''data segmentation''))
	95



	((''microservices'' OR ''microservitization'') AND (''granularity'' OR ''database'' OR ''data segmentation'' OR ''data modeling''))
	96






















he pilot results show that an adequate number of articles were retrieved using the last proposed search string. The search string includes all articles proposed for the control group. The authors agree that the chosen search string for this study is:

((''microservices'' OR ''microservitization'') AND (''granularity'' OR ''database'' OR ''data segmentation'' OR ''data modeling''))

3) Candidate Studies

Searches were conducted in the following scientific databases: Web of Science, Scopus, IEEE Xplore, and Science Direct, using the search string selected in the previous step in the advanced search option. The results of the articles found are presented in Table VI.




TABLE VI.




Search Results









	
Database

	
Count




	Scopus
	96



	Web of Science
	6



	IEEE Xplore
	11



	Science Direct
	86



























F. Selection Process 




1) Refinement


After querying the scientific databases, a total of 199 candidate articles were identified, establishing the baseline for analysis. However, some of these articles were duplicated across databases, necessitating a refinement process to remove duplicates or articles with identical content. Additionally, any references to entire conferences or workshops, rather than specific articles, were excluded. This resulted in 174 articles proceeding to the next stage.


 2) Study Selection


Once the candidate studies were obtained, the selection process proceeds as follows:




	
Apply the previously determined inclusion and exclusion criteria by reading the abstracts of the articles (31 articles).



	
Obtain the full-text versions of the remaining articles, discarding those for which the full text could not be accessed (25 articles).



	
Each author conducted an exploratory reading of each article to assess its relevance and contribution to the study and the research questions (25 articles reviewed).



	
The authors performed a cross-validation through discussion, reaching a consensus on which articles should be selected (16 articles).







At the end of the selection process, 16 articles were chosen to proceed to the next stage.


 3) Primary Studies


The selected articles were reviewed, considering the inclusion of additional articles through snowballing or opportunistic search techniques. The authors decided to use only the previously selected articles.

Finally, the authors reached a consensus and approved the list of articles for data extraction. A total of 16 primary articles were selected to proceed to the data extraction stage. The primary articles are as follows:  [1], [3], [12],  [15], [17], [20], [21], [23], [24], [25], [26], [27], [28], [29], [30], [31].






G.  Data Extraction




 1) Feature Extraction


The data extraction process involved reading the primary studies and highlighting elements that contribute to answering the research questions. The Atlas.ti tool was used for this purpose, allowing unified coding across all articles, providing traceability, and structuring semantic networks to support the writing of findings. Additionally, information on the publication type, year, and authors was collected and tabulated, enabling the organization of articles as needed. For example, Figure 2 shows the distribution of primary articles by year and publication type.
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Fig. 2.



Characteristics of Primary Studies
















 2) Model Extraction


Since one of the objectives of the study was to determine if a data modeling method exists for business data segmentation in the construction of microservices, the expectation was to find graphical representations in the primary articles outlining procedures for determining granularity in each case. This section aimed to collect visual schematics to complement the textual coding results. However, upon reviewing the primary articles, no representative graphical elements were found for this purpose. Therefore, the analysis will be based solely on the textual ideas presented in the primary studies.







 III. Data Modeling Methods for Microservices


This research identifies architectural approaches for modeling the granularity of microservices to address key research challenges. The findings highlight the use of meta-modeling techniques that define microservice boundaries as adaptable entities, focusing on aspects such as business-driven design, tool heterogeneity, and decentralized governance [1]. These approaches support analysis, evolution, and localization, which are crucial for adapting microservice granularity based on quality attributes [32].

Migration to microservices, or microservitization, enhances autonomy, replaceability, and governance while improving the traceability of software architectures [33]. However, there is still a lack of consensus on the definition, properties, and modeling techniques of microservices. Effective migration involves determining optimal granularity, deployment strategies, and orchestration methods [34].

One of the main challenges is establishing the optimal granularity level, balancing microservice size and number to meet both individual and overall system requirements [1]. Microservitization involves identifying optimal service boundaries to enhance the Quality of Service (QoS) [35].

Recent trends, such as Service-Oriented-Architecture (SOA) and Microservice Architecture (MSA), have emerged as suitable approaches for cloud infrastructures [36]. MSA aims to create flexible, modular applications, but its practical implementation remains a significant research challenge. Modernization efforts involve understanding and transforming large applications into microservices, using model-driven methods to manage complexity and dependencies across business and data layers [37].





 IV. Discussion


Currently, more organizations with complex business domains are moving away from monolithic software applications and adopting distributed architectures based on microservices. Microservices architecture aims for agile software development using small services that communicate via APIs, where each service implements complete business functionalities and can run independently. Microservices can be deployed across different machines, using diverse programming languages and data dependencies that the business requires, maximizing scalability and leveraging the strengths of each platform. They are designed as small, simple, and understandable executable units, which makes them easier to modify and maintain.

However, modeling the domain for each microservice with the necessary dependencies within the business context requires software architects to clearly define each service responsibilities and APIs to achieve good cohesion and low structural coupling. The architecture should facilitate parallel development with different teams working on separate microservices, allowing services to be rewritten with minimal effort if necessary. For microservices to be autonomous from development to deployment, architects need strategies for domain modeling, deployment, versioning, monitoring, security, maintenance, and managing business-driven changes.

The challenge posed by the research questions is to define the appropriate data domain modeling for visualizing the structural granularity that each microservice must implement. The research framework focuses on using software archetypes for modeling business data for each microservice, as archetypes are fundamental human mechanisms that organize, summarize, and generalize domain information. This is expected to have applications in software engineering. The framework is built upon a literature review that includes factors demonstrating the application of software archetype principles for business data modeling in software and service engineering. A case study will be conducted in Ecuadorian public and private institutions to model business data and evaluate the advantages and disadvantages of the proposed model.

For technology companies, understanding their business data is crucial, as it represents the backbone of their information systems. Therefore, software engineering employs various methodologies and techniques to address data modeling from different perspectives, from business domains to data storage. The proposed research framework will analyze systems that use data archetypes for microservices.

After conducting the study, the research questions are revisited:




	

 RQ1: What data modeling techniques can be used for business data segmentation in microservices construction?



	
It is proposed that services be stateless (do not manage a database) [24].



	
A centralized data model is proposed [25].



	
The use of decentralized NoSQL databases is proposed





A method is proposed where only the most critical business elements are subdivided, based on the benefits of microservices [27].



	

RQ2: How to model or establish microservice granularity?



	
Proposes a type of microservice diagram and microservice invocation diagram



	
Proposes SMART and Entice methods [23].














V. Threats to Validity

Throughout the study, continuous discussions were held regarding the procedures to follow and the potential threats to validity. Efforts were made at every step to maintain the rigor and thoroughness required for the resulting document to contribute to scientific knowledge.



 A. Threats in Search String Formation and Primary Study Selection



One challenge was determining the scope of our study since data modeling for microservices is a relatively new and less explored topic in the technological field (emerging over the last three years). Different communities often use varying terminologies for the same concepts. To cover the research questions comprehensively and avoid bias, we searched for terms related to microservices and data modeling across various contexts. While this approach reduces bias, it significantly increased the search effort, necessitating a manageable scope.



 B. Threats to Study Selection and Data Extraction Consistency 



The formulation of research questions helped in selecting relevant studies. However, two articles that appeared highly relevant based on their abstracts could not be accessed in full-text form and were therefore excluded. Due to time constraints for tabulation and coding, it was not possible to perform a detailed semantic analysis or comprehensive reading. The primary articles were reviewed based on coverage and a focus on relevant section.





 VI. Conclusions


Microservices result from breaking down application services into smaller components, with a distinctive feature of having their own database separate from other microservices, enhancing composability and deployment capabilities. Organizations transitioning to a microservices-based-architecture often start with an existing system that already has a unified data model representing the entire business dynamic. Therefore, designing a migration strategy to microservices requires segmenting this model into smaller parts.

A preliminary literature review was conducted to find articles proposing a method for determining the appropriate level of granularity for model division. No references were found on this topic. Performing this task without a theoretical framework may lead to decisions based on intuition or trial and error, increasing resource consumption and questioning the need for microservices compared to the maturity of SOA-based web services.

An empirical study is proposed using the Systematic Mapping Study (SMS) method to conduct a thorough literature review to validate the existence of methods that define reasonable granularity in microservice design.

The literature review procedure followed these steps: Structuring the Research Question, Defining Inclusion and Exclusion Criteria, Formulating the Search Strategy, Executing the Selection Process to identify primary studies, and finally extracting the required data. This process enabled the coding of relevant elements in the primary articles, leading to the synthesis, analysis of results, and answering of the research questions.

Future work involves experimentation with existing model subdivision methods for microservices, so that, once validated across different scenarios, these methods can be considered best practices in implementing this architecture.
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