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Context
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Maintenance tasks are central 
activities in many businesses

Legacy software systems are 
essential in many businesses 

70% of today’s transactional operations are 
managed by legacy systems

Legacy systems cannot simply be removed / replaced as they execute complex business logic



Legacy Apps Are Critical But Challenging To 
Maintain 
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• Legacy systems suffer from several shortcomings 
• High maintenance cost
• Lack of flexibility 
• Lack of scalability with the evolution of the increasing business needs and technology in the market
• The lack of sufficient support to the old technologies and infrastructure of legacy systems 

Legacy systems are critical 

but challenging to maintain 

Maintenance Costs Lack of Flexibility Lack of Scalability Lack of Support

Shortcomings
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Legacy systems migration remains essential to ease their maintenance and make 
them more evolvable without loosing their business values

Migrating your legacy system

to the SOA stack
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Migration of legacy systems to SOA

Interoperability Composability

Reusability

Statelessness
Abstraction

Autonomy
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Problems
Is the most challenging phase of the overall modernization process.
How to promote software reuse and avoid development from scratch?

Service Identification

Several SI approaches have been 
proposed in the literature.

Gap between academia and  industry
Most of them have limited 
identification accuracy.

Identification accuracy

They usually require several 
types of inputs.

Input types & availability
Most of the existing 
approaches are 
semi-automated or 
manual.

Lack of automation

14
Lack of the identification of 
specific types of services. 

Lack of type-sensitive SIAs
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Supporting legacy-to-SOA migration with a  highly 
automated type-sensitive SI approach that relies on static 

analysis of legacy systems.

21

Business 

Application 
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Utility 

Service 
Identification
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[Abdellatif et al., JSS 2021]



Taxonomy of service identification approaches
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1. Search query
                     (Service identification OR service mining OR service packaging) AND ( migration OR modernization OR                           

transformation OR re-engineering) AND ( legacy OR existing systems OR Object-Oriented)

2. Execution of the search query on several databases (3246 papers)

3. Filtering process
4. Backward and forward snowballing (9 iterations)  Final 41 papers



Taxonomy Of Service Identification Approaches
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(Abdellatif et al., JSS 2021)
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(Abdellatif et al., JSS 2021)



Taxonomy Of Service Identification Approaches
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(Abdellatif et al., JSS 2021)



Taxonomy Of Service Identification Approaches
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(Abdellatif et al., JSS 2021)



Taxonomy Of Service Identification Approaches
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(Abdellatif et al., JSS 2021)
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(Abdellatif et al., ICSOC 2018)
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Collection of potential participants
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Reaching 
the participants

Publication of the survey Voluntary participation 
(no incentives) 

We reached around 
298 practitioners

45 participants fully 
completed the survey
+ 8 interviews

Target companies for legacy 
modernization

Rely on LinkedIn, Facebook, 
And Twitter



Companies

39



Types of the migrated systems
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(a) Age of the migrated systems

(b) Size of the migrated systems (c) Programming Languages of migrated systems

Practitioners migrate different types of old legacy systems implemented mainly in Cobol and Java. 

Practitioners migrate different types of old legacy systems implemented mainly in Cobol and Java.



Motivations for legacy-to-SOA migration

41

Reducing maintenance costs, improving the flexibility and interoperability of legacy systems are the 
main motivations to migrate legacy systems to SOA. 



Do you think that service identification from legacy 
systems is important for legacy-to-SOA migration?

42

- Reduce maintenance cost

- Reduce software development cost

- Increases software productivity by 
shortening software development time

- Benefits of software reuse

- Source code not reusable

- Top-down approach

- Not suitable for integration problems

87%

13%
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[Abdellatif et al., TSE 2021 - Under review]



Inputs used for service identification

44

● The most used inputs by industrial and academic SIAs are source code, business process, and human expertise.
● Ontologies, activity diagrams, state machines, and execution traces are seldom used to identify services.
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Techniques used for service identification 

● Clustering  is  the  technique  most  used  by academia  and  industry  to  identify  services.  
● In  second place,  practitioners  favour  wrapping  and  researchers custom heuristics.45

Machine Learning

Genetic Algorithms

Wrapping

Heuristics-based

Formal concept analysis

Clustering

Academia Industry
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Desired service quality criteria

● Cost and adaptation efforts are widely considered in industry vs widely ignored in academia.
● Service coupling and granularity are widely considered in both academia and industry.46



Targeted service types

● Lack of academic type-sensitive SI approaches.
● Service  identification  is  business  driven. 
● Practitioners prioritise the identification of domain-specific rather than domain-neutral services.47

Business                    Enterprise                   Entity                         Application                     Utility                   
Infrastructure AcademiaIndustry



Automation of Service Identification

SI automation in academia

SI automation in industry

Observations

• The full automation of SI process is not the primary focus of practitioners.

• Automation in wrapping and reverse engineering techniques to document 
and extract the business logic of legacy systems. 

• Practitioners do not take the risk to try to fully automate the SI process.

• Academic SIAs focus on the automation of the identification process. 

Challenging Problem Unpredictable Results

Time consuming Research investments

?

48



Gap Analysis

• Gap between academia and industry

• Poor knowledge transfer between academia and industry in the context of legacy-to-SOA migration 

• Lack of cost-effective academic service identification techniques

• Lack of validation on real enterprise-scale systems

49
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Recommendations

The input must be source 
code and production data 

A deep understanding of 
the domain and a great 

familiarity with the legacy 
systems are necessary

Service identification 
should be a 

business-value driven 
process 

The process must follow a 
proven clustering 

technique 

The output must be 
high-value, 

coarse-grained services

Service identification 
should be type-sensitive 

51
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[Abdellatif et al., TSE 2021 - Under review]
[Abdellatif et al., ICSOC 2019]



Bottom-up ApproachType-sensitive SI Static Analysis

ServiceMiner

Utility Entity

Application

Solution
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Infrastructure Services

Entity Services

Enterprise ServicesApplication Services

Business Services

Utility Services

Taxonomy of service types
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Infrastructure Services

Entity Services

Enterprise ServicesApplication Services

Business Services

Utility Services

Targeted service types

Infrastructure Services

Entity Services

Enterprise ServicesApplication Services

Business Services

Utility Services
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Overview of ServiceMiner

59
[Hecht et al., APSEC 2018]
[Shatnawi et al., MSR 2017]
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Overview of ServiceMiner
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Call graph generation
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Weight calculation
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Metrics calculation for each class
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Running Example 
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Initial clustering
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Metrics recalculation per cluster
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Very High Fanin AND Very Low Fanout AND Not persistent



Detection of utility services
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Not Utility service AND High Fanin 
AND Low Fanout 
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Overview of ServiceMiner
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Detection of entity services
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Detection of application services
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Original call graph
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Final services
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We validate our approach on Compiere and POS

• POS is a Java-based point of sales system

• Compiere is a legacy Java Enterprise ERP system

• Compiere was first introduced by Aptean in 2003

• Provide several features

• Not service-oriented

• Supports different databases

• 2,716 classes and 530 KLOC in Compiere

• 54 classes in POS

Case studies
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We build the ground-truth service-oriented architecture of the case studies to assess our approach.
• Analyzed the systems
• Reviewed extensively the documentations 
• Generated several views of the call graphs  
• Found 477 services, in Compiere and 22 in POS
• Annotated the services manually according to their type.

Ground truth
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https://docs.google.com/file/d/1PpKXEA8znxbdgP2f26uvvkmgqOHBRrhE/preview


Evaluation of the detection rules 

Evaluation of the detection rules of Entity Services

Evaluation of the detection rules of Utility Services Evaluation of the detection rules of Application Services
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Evaluation of the detection rules 

Evaluation of the detection rules of Entity Services

Evaluation of the detection rules of Utility Services Evaluation of the detection rules of Application Services
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Service identification accuracy
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Approach Precision Recall F-measure

MOGA-WSI 10.3% 11.1% 10.6%

Service Cutter (EPL) 15.6% 21.1% 17.5%

Service Cutter (GN) 13% 11.7% 13%

Micro-Extraction 63% 31.8% 42.3%

ServiceMiner 80.5% 76% 78.2%

Comparison with existing SI approaches

● Better identification results with ServiceMiner
● Unbalanced service candidates with MOGA-WSI and Service Cutter94
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Discussions
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No open-source enterprise-scaled system that was migrated to SOA
Rely on real open-source post-migration SOA system

Depending on several algorithms and thresholds

Embedded poor design in legacy systems

Service types coverage

Ty
pe

-s
en

si
tiv

e 
Se

rv
ic

e 
Id

en
tif

ic
at

io
n Our detection rules are easily customized, being flexible and extensible

Reducing the accuracy of static-based SI 
approaches 

Extensibility to new services types
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Conclusion
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Utility
Entity

Application

Support the migration of legacy 
systems to SOA

Taxonomy of service identification 
approaches

Study of the state of the practices of 
service identification in industry

Study the gap in service identification 
approaches in academia and industry

Type sensitive SIA that relies on static 
analysis of the source code of legacy 
systems
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Conclusion
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Automation of SI process

Identification of architecturally significant services

Possibility to prioritize the identification of specific service types

Extensibility to new technologies/languages 
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Future Work

Use of ML algorithm to classify 
and identify the services 
according to their type.

Use of ML 
Perform qualitative validation of 

the identified services with 
developers.

Validation with developers
Efficient packaging and automatic 
integration the identified services 
into the targeted SOA platform.

Automatic Integration

The identification of other types of 
services (e.g., Business, 

Enterprise, etc.) and 
microservices.

Other Service Types
Complete the SOA migration 

road-map by exploring automatic 
service packaging techniques. 

Service Packaging

1 2 3 4 5
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Thank you !
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