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New architectural pattern / 
paradigm for app. development

Companies struggle to migrate their 
existing applications
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Application Modernization: Migrating to Microservices

On the public forum, tech leaders proclaim: “Just move to the cloud, or you won’t be competitive”. 
Then it turns out the migration process is shrouded in complexity as no realistic answers are easily 

available online.

Marek Gajda 
CTO, The Software House
https://tsh.io/blog/cloud-migration/



Research Objective and Questions

Design, implement and evaluate 
A practically applicable methodology 
For migrating monolithic applications toward a Microservices architecture

RQ1: What are intentions, strategies and challenges in the context of migrating 
existing systems to Microservices?

RQ2: What architectural refactoring techniques are applicable in the context of 
decomposing a system into Microservices?

RQ3: What are relevant quality attributes and metrics for evaluating the appropriateness of   
service partitioning and service granularity?

RQ4: How can a practically applicable migration methodology guide architects?
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RQ1: Intentions, Strategies, Challenges
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Monolithic Legacy
Application Microservices

Interview Study with 16 Practitioners from 10 German-based Companies, 14 Systems [3] 

[2]   J. Bogner, J. Fritzsch, S. Wagner, A. Zimmermann, "Microservices in Industry: Insights into Technologies, Characteristics, and Software 
Quality.", in IEEE International Conference on Software Architecture Workshops (ICSA-W) IEEE Computer Society, Hamburg, Germany, 2019

[3]   J. Fritzsch, J. Bogner, S. Wagner, A. Zimmermann, "Microservices Migration in Industry: Intentions, Strategies, and Challenges", in 2019 IEEE
International Conference on Software Maintenance and Evolution (ICSME), Cleveland (Ohio), USA, 2019
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RQ2: Refactoring Techniques
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#  Approach  Authors  (Year) 

1  Towards the understanding and evolution of monolithic applications as 
microservices 

Escobar, et. al. (2016) 

2  Towards a Technique for Extracting Microservices from Monolithic Enterprise 
Systems 

Levcovitz, et. al. (2016) 

3  Requirements reconciliation for scalable and secure microservice 
(de)composition 

Ahmadvand, et. al. (2016) 

4  Microservices Identification Through Interface Analysis Baresi, et. al. (2017)
5  Service Cutter: A systematic approach to service decomposition  Gysel, et. al. (2016) 
6  Extraction of Microservices from Monolithic Software Architectures  Mazlami, et. al. (2017) 
7  GranMicro: A Black‐Box Based Approach for Optimizing Microservices Based 

Applications 
Mustafa, et. al. (2017) 

8  Microservice Ambients: An Architectural Meta‐Modelling Approach for 
Microservice Granularity 

Hassan, et. al. (2017) 

9  Workload‐based Clustering of Coherent Feature Sets in Microservice 
Architectures 

Klock, et. al. (2017) 

10  Towards a MicroServices Architecture for Clouds  Procaccianti, et. al. (2016) 
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Literature Review and Classification of 10 Refactoring Approaches [1]

[1]   J. Fritzsch, J. Bogner, A. Zimmermann, S. Wagner, "From Monolith to Microservices: A Classification of Refactoring Approaches”, in Software 
Engineering Aspects of Continuous Development and New Paradigms of Software Production and Deployment. Cham: Springer International Publishing, 2019, pp. 128–141.



RQ2: Refactoring Techniques
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Static Code Analysis Runtime Analysis

Aggregation

Meta-Data / Model-Driven

Decompositions



• 10 Refactoring/Migration Approaches reviewed in 2018 [1]

• 31 Refactoring/Migration Approaches reviewed in 2020

 focus on different requirements and quality attributes

 applicability limited to certain technologies, languages, architectures 
(e.g. MVC-Pattern, Java-based or web applications)

 based of different techniques (see classification in [1])

 no or only experimental tool support

 evaluation often insufficient

 not considered by practitioners, or unknown to them [3]

Limitations of Existing Migration/Refactoring Approaches

10University of Stuttgart



Research Questions

RQ1: What are intentions, strategies and challenges in the context of migrating 
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Monolithic Legacy
Application

Microservices

[3]   J. Fritzsch, J. Bogner, S. Wagner, A. Zimmermann, "Microservices Migration in Industry: Intentions, Strategies, and Challenges", in 2019 IEEE
International Conference on Software Maintenance and Evolution (ICSME), Cleveland (Ohio), USA, 2019

Quality Attributes
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Proposed 
Framework*

*inspired by works from
Wolfart et al. [4,5]
Taibi et al. [6]
Bozan et al. [7]
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A Structured Repository
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#  Approach  Authors  (Year) 

1  Towards the understanding and evolution of monolithic applications as 
microservices 

Escobar, et. al. (2016) 

2  Towards a Technique for Extracting Microservices from Monolithic Enterprise 
Systems 

Levcovitz, et. al. (2016) 

3  Requirements reconciliation for scalable and secure microservice 
(de)composition 

Ahmadvand, et. al. (2016) 

4  Microservices Identification Through Interface Analysis  Baresi, et. al. (2017) 
5  Service Cutter: A systematic approach to service decomposition  Gysel, et. al. (2016) 
6  Extraction of Microservices from Monolithic Software Architectures  Mazlami, et. al. (2017) 
7  GranMicro: A Black‐Box Based Approach for Optimizing Microservices Based 

Applications 
Mustafa, et. al. (2017) 

8  Microservice Ambients: An Architectural Meta‐Modelling Approach for 
Microservice Granularity 

Hassan, et. al. (2017)

9  Workload‐based Clustering of Coherent Feature Sets in Microservice 
Architectures 

Klock, et. al. (2017) 

10  Towards a MicroServices Architecture for Clouds  Procaccianti, et. al. (2016) 

 

Techniques,
Patterns

Languages,
Input/Output

Quality Attributes, 
Metrics

Evaluation Automation,
Tool Support 

Extensible Repository

Process,
Strategy

41 Approaches (2020)



A Meta-Approach to Guide Architectural Refactoring
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Extensible Repository

Architect
System Specification,

Requirements,
…

1st prototype: Prioritized list of approaches



Architecture Refactoring Helper

Tool Support (1)



Architecture Refactoring Helper

Tool Support (2)



Architecture Refactoring Helper

Tool Support (3)



Architecture Refactoring Helper

Tool Support (4)



Research Method
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