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Context

OO

Maintenance tasks are central Legacy software systems are
activities in many businesses essential in many businesses

70% of today’s transactional operations are
managed by legacy systems
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Legacy systems cannot simply be removed / replaced as they execute complex business logic
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Shortcomings
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Migrating your legacy system

to the SOA stack
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MIGRATION

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



Migration of legacy systems to SOA
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Problems s

Service ldentification : :

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

Gap between academia and industry Identification accuracy
Several S| approaches have been EEQ Most of them have limited
proposed in the literature. identification accuracy.

Lack of automation

Input types & availability o

They usually require several Most of the existing

types of inputs. approaches are
semi-automated or

manual.

Lack of type-sensitive SlAs

Lack of the identification of
specific types of services.
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Thesis statement I L

\\ Supporting legacy-to-SOA migration with a highly
automated type-sensitive SI approach that relies on static
analysis of legacy systems.

Business Utility
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Taxonomy of service identification approaches

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)

4
2. Execution of the search query on several databases (3246 papers)
@ e WEB OF SCIENCE
€) Engineering Village IEEE Xplore®
Digital Library

3. Filtering process

4. Backward and forward snowballing (9 iterations) ———J»  Final 41 papers
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[ Design of the survey questions ]

[Legacy modernization company data ]

v

[ Respondants biography ]

articipation in legacy-to-soa
migration projects

Yes
v

Motivations behind legacy-
to-soa migration

Service identification
inputs, process, outputs

and tools

Sugg d best practi
of service identification

Service identification
importance

Interview availability

Yes
v

[ Answers validation ] [of the reported answer.

In-depth explanations ]
s

[ casestudies | [ inhousetoos |

NO




Collection of potential participants

Publication of the survey Qo “

Reaching ‘

0 the part|C|pants

We reached around

Target companies for legacy 298 practitioners

modernization

45 participants fully
completed the survey
+ 8 interviews

Rely on Linkedln, Facebook,
And Twitter
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Types of the migrated systems

@ Less than 5 years
@ 5-10 years
@ More than 10 years

(a) Age of the migrated systems

P

® small
@ Medium
@ Big

(b) Size of the migrated systems

60%

50%

40%
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53%
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33%

29%
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2% 2%

Y
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(c) Programming Languages of migrated systems

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




Motivations for legacy-to-SOA migration

Other 24%

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?

‘ / - Reduce maintenance cost \

- Reduce software development cost

- Increases software productivity by
shortening software development time

K - Benefits of software reuse J

- Source code not reusable

- Top-down approach

- Not suitable for integration problems

N /
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Inputs used for service identification :

S0%
[ ]
80% 69%
70%
60%
50% 44%
27% 7%
30% ==
16%:15%

20% 10%
10% I 5%  T%sg 0% l iz

0% l &3 = E= AN |

& & <& ° &\ R & &
(,o \o’b o° @ X (, . & @' @ o° C X «
&"e <)'?,’<(>> (_;aQ‘ ,000& -\o’@{\ Nai &’b% \ﬂd\'b% 66\7’% o (\e*Qe 6‘?’&
O N\ & N oL 2 O
S Q)\)S\(\ ((:‘_?5' Ny & \'rb‘\\o (‘,(\\0 ‘?‘\)((\ o~
AR
o5&

® Industry m Academia

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.




Techniques used for service identification

1%
Machine Learning h 4%

Genetic Algorithms ;%
Wrapping e — 7
Heuristics-based e ————— 617

i 10%
Formal concept analysnL 20%
Clustering 41%

82%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

® Academia m Industry

® Clustering is the technique most used by academia and industry to identify services.

® [n second place, practitioners favour wrapping and researchers custom heuristics.




Desired service quality criteria

3 0%
Adaptation Effort 42%

Cost

i 10%
Number Of services 29%

f

5 15%
Service Reuse 62%

Seif-descriptiveness 5%

|

20%

Composabiity 255 29%

[

- 32
Granularity 47%

!

. - 37%
High Cchesion 24

Loose Coupling

I

44%
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W Academa M Industry

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.
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Targeted service types
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49%
38% 38%
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Business Enterprise Entity Application Utility

Infrastructure ® Industry m Academia

Lack of academic type-sensitive SI approaches.
Service identification is business driven.

Practitioners prioritise the identification of domain-specific rather than domain-neutral services.




Automation of Service Identification

S| automation in academia

1

= Automatic
® Semi-automatic
= Manual

Sl automation in industry

e

= Automatic
u Semi-automatic
= Manual

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.

Challenging Problem

Unpredictable Results

A
(2]

Time consuming
® &
4G \

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




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
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Recommendations

A deep understanding of Service identification
the domain and a great should be a
familiarity with the legacy business-value driven
systems are necessary process

The input must be source
code and production data

The process must follow a The output must be Service identification

proven clustering high-value,

/ should be type-sensitive
technique coarse-grained services
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[Abdellatif et al., TSE 2021 - Under review]
[Abdellatif et al., ICSOC 2019]




Solution

ServiceMiner

Type-sensitive SI Bottom-up Approach Static Analysis



Taxonomy of service types :

Business Services

AL S Application Services Enterprise Services

Entity Services

Infrastructure Services




Targeted service types

Business Services

AL Application Services Enterprise Services

Entity Services

Infrastructure Services
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[Hecht et al., APSEC 2018]
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Class extraction

SvrProcess

OrderOpen
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X_C_Order
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Call graph generation

SvrProcess
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Weight calculation MPrintFormat

SvrProcess

CPrinter

\ PrintUtil
15 f
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OrderOpen \

5 ReportEngine
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DocAction 0
10
> Morder Minvoice
X_C_Order ‘

10 \ 5
5 25
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MProduct
MOrderline / :

X_C_Invoice

15

15

A

X_C_OrderLine X_M_Product




Overview of

ServiceMiner

N

Source Code

ot p
Calculation —
Detection Rule Of Candidate , Candidate Utilty ;[ Refinement Rule Of Utility
A Utilty Services 4 Services L Services 7
Call Graph v e
Generation Detection Rule Of Candidate o T—" J Refinement Rule Of Entity
Entity Services § | Candidate 1 Services 8
Entity Services
NG
Initial Clusterin ¢ /——Q—/ ( cati
g Detection Rule Of Candidate Cardidae > Reﬁnementsﬂulg Of Appllcallons]_
3 Application Services  © Application 1 ervices
- Services

Phase 1: Pre-Processing

Phase 2: Service Identification According To Their Type

Services




Overview of ServiceMiner

N

Source Code

Metrics
Calculation

Call Graph

|

Detection Rule Of Candidate
Utility Services 4

Refinement Rule Of Utility

» (Candidate Utility}—

Services

v

Generation

Initial Clustering

|

Detection Rule Of Candidate }

Y

Services 7

f Refinement Rule Of Entity

r

Entity Services 5J

A4

v

|

Detection Rule Of Candidate ]

Services

J

Candidate

Application Services

Phase 1: Pre-Processing

Application

\Services /

;[ Refinement Rule Of Applicalion9 ]_

Services

Phase 2: Service Identification According To Their Type

Entity
Services

Application
Services




Metrics calculation for each class
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Running Example
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Initial clustering

Cluster 1
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Initial clustering
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Metrics recalculation per cluster
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Detection of utility services
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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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Case studies

We validate our approach on Compiere and POS

POS is a Java-based point of sales system

= ”
e Compiere is a legacy Java Enterprise ERP system @mp’em

e Compiere was first introduced by Aptean in 2003 E R P
e Provide several features

e Notservice-oriented

e Supports different databases
e 2,716 classes and 530 KLOC in Compiere
54 classes in POS




Ground truth

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.

ASyncProcess

ASycHorker

AcciDistribution

AcctSchemaCopyhcet

AcctSchemaDefaultCopy

Aging

BOMValcate

BPGrUpACEICopy

BPPaymentallocCleanup

BPartnerOrglink



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

Evaluation of the detection rules
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Evaluation of the detection rules of Entity Services
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Service identification accuracy

Utility Entity Application

Precision 73.9% ’ 89.7% \ 66.7%
Recall 94% ’ 77.6% 78%

100

F-measure 82% ’ 83.1% I 71%
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Comparison with existing Sl approaches

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%

e Better identification results with ServiceMiner

e Unbalanced service candidates with MOGA-WSI and Service Cutter




Discussions
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Reducing the accuracy of static-based SI
approaches

Service types coverage

Extensibility to new services types




Conclusion

Taxonomy of service identification Study O,f(;[he §fEate ,Of the PI‘(EilCtICGS of
approaches service identification in industry

—

.@. Support the migration of legacy
systems to SOA

—

’ Study the gap in service identification i '
1approaches in academia and industry

Type sensitive SIA that relies on static
analysis of the source code of legacy
systems

/




Conclusion

Automation of SI process

Identification of architecturally significant services

mmo_{*l @
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Possibility to prioritize the identification of specific service types
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Extensibility to new technologies/languages




Future Work

[
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Use of ML I I I Validation with developers 1 | 1 Automatic Integration
I | - - |
Use of ML algorithm to classify | ' | Perform qualitative validation of | I : Efficient packaging and automatic
and identify the services I ! . the identified services with I ! | integration the identified services
according to their type. | 1 " developers. I | | into the targeted SOA platform.
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Other Service Types

I
|
The identification of other types of |
services (e.g., Business, I
Enterprise, etc.) and I
microservices. I

1

Complete the SOA migration
road-map by exploring automatic
service packaging techniques.
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Problem Do Research Methodology D]
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Service Identification ] : : :

Is the most challenging phase of the overall modernization process * 7 s T T T T TS TS T TS TSI TSI ST T SIS ST SIS ST =~ % 7 s TTTTTEE ST o

Propose a highly automated
type-sensitive SI approach that
relies on static analysis of legacy
systems.

The identified services must meet a range of expectations (capabilty,

Lack of automation

of SI

\
1
quality, efficiency, etc.)  the.. 1
| State-of-the-art| Taxonomy of Sl Taxonomy E X
! approaches 3.8 5
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Step1: Gap analysis of S| approaches in academia and industry Step 2: Type-sensitive service identification

Improve the ider

ation accuracy

Narrowing the search space through the types and their associated
code-pattemns

Possibility to prioritize the identification of specific types of services
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