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Long term research vision

How to build and evolve ever 
running software systems? 



 Objectives in synergy
1: How to maintain/evolve large software 
systems? 
Moose: a platform for software and data analysis 
Synectique.eu 

2: Infrastructure for ever-running systems 

3: Ecosystem around Pharo 
Platform&dynamic language used to create wealth 
and innovation



 Objectives in synergy
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Software is 

Complex



Laws of software evolution

Continuing change 
• A program that is used in a real-world environment must 
change, or become progressively less useful in that 
environment. 

Increasing complexity 
• As a program evolves, it becomes more complex, and 
extra resources are needed to preserve and simplify its 
structure. 



Software is a living entity...

• Early decisions were certainly good at that time 
• But the context changes 
• Customers change 
• Technology changes 
• People change



We only maintain 
useful successful 
software



Maintenance is continuous 
Development

Between 70% and 90% of global 
effort is spent on “maintenance” !

18% Corrective
(fixing reported errors)

18% Adaptive
(new platforms or OS)

60% Perfective
(new functionality)

4% Other

“Maintenance”



50% of development time  
is lost trying to understand code !

We lose a lot of time with inappropriate and 
ineffective practices

Between 50% and 80% of the 
overall cost is spent in the 

evolution
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We design tools and 
analyses to tame 
software



Expertise
code analysis, metamodeling, software metrics, program 
understanding, program visualization, evolution analysis, 
refactorings, quality, 
changes analysis, commit,  
dependencies,  
rule and bug assessment  
semi-automatic migration 
example-based transformations 
test selection, rearchitecturing 
blockchains, ui-migration 
Collaborations 

Pleiad (Chile), UFMG (Brazil),  
SCG (Switzerland), Soft-VUB (Belgium) 

Representation Transformations

Reverse
Engineering

Analyses

Evolution



You would not see  
this dentist! 

Why doing it for  
your software?



Data Model

Develop 
Analysis

Take decision

Analysis

an analysis should lead to a decision

Building dedicated tools



Example : Who is behind package 
X ?

(1) Extraction

(2) Modèle

(4) Visualisation
(3) Analyses



Step 1 - Model Creation/Import

(1) Extraction

(2) Modèle

(4) Visualisation
(3) Analyses

Definition of a model to represent entities 
Data Extraction (CVS...)



Step 2 - Analyses

(1) Extraction

(2) Modèle

(4) Visualisation
(3) Analyses

Who wrote how many lines of code?



Step : 3 - Creating the Map



All JBoss at a glance 

! Interactive tool 
    Data in perspective 

(1) Extraction

(2) Modèle

(4) Visualisation
(3) Analyses
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Some software maps



Understanding large systems [PhD 
Lanza]

Color 
metric

Width metric

Height metric

Position metrics



Understanding systems [PhD M. 
Lanza]



Understanding classes [PhD M. 
Lanza]

Initialize Interface Internal Accessor Attribute



Understanding classes [PhD M. 
Lanza]



How a property spread on a 
system?



How to support remodularisation? 
[PhD Hany Abdeen]
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Software Evolution in the 
Large



Evolution in the small



Evolution in the small

Modification (refactoring) 
• On 1 entity 
• Small number of parameters 
• Well defined behavior 
• “Preserve code semantic” 
• Generic (constrained only by the programming language)



Evolution in the LARGE

• Eclipse v2.1 ! v3.0

v2.1 (Extensible IDE) v3.0 (Rich Client 
Platform)



Evolution in the LARGE

Restructure architecture 
Large refactor 
Break a big class 
Introduce a design pattern (e.g. MVC, Hybernate) 
Migrate to a new library version 
"



Evolution in the LARGE

• Can/Should occur regularly (!often) in 
the life of a system

• Evolution
– On several entities
– Complex behavior
– Specific to the domain, system, and task
– May break code semantic temporarily
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Evolution in the large: 
Automated Rules to 
support migration



Mining API Change Rules

• In Eclipse, 42% of the methods in version 
1 were not in v.2

• In Pharo, a simple API change affected 
thousands of clients

• Clients should not but do call internal API



How to help migrate from version 
to version?
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System 
V1 

System 
V2

System 
V3

Clients
Clients Clients

?



Mining API Change Rules

!"#$%$&'%

!"#$% &!"#$' !"#$( !"#$)

()*+,-!./-$'0*1"2-.%

*"+,-.
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Mining API Change Rules

%/

!"#$%$&'%
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Mining API Change Rules

Format of the changes

%:

*"+","*;7)#<151<),"=,;7*>$.78)-,43"9$
-**"*;7)#<151<),"=,;7*>$.78)-,43"9

*"+,-.

Diff of method foo() between version 1 and 2
?$."+@A-**5B<<."B<*"+A3<<,59A-**56<*"+99C$
D$."+@A-**56<*"+A7).,-++599C

Formatted changes
*"+","*;1-++5E@<<59;3"#'F>$EB<<."B<*"+A3<<,59F9

*"+","*;1-++5E@<<59;3"#'F>$EB<<."B<*"+A-**5B<<."B<*"+9F9

-**"*;1-++5E@<<59;3"#'F>$EB<<."B<*"+A7).,-++59F9



Mining API Change Rules

Request6*

'G

7&&89 .89 :.!89 /89

189 "89 789

.89 "89 7&&89 /89 :.!89

;89 7&&89 '89

7&&89 :.!89

1"2"-"1

.11"1

7&&89

*"+,-.
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Mining API Change Rules

'%

1"2"-"1

.11"1

7&&89Request: 
1st step: selecting deltas

7&&89 .89 :.!89 /89

189 "89 789

.89 "89 7&&89 /89 :.!89

;89 7&&89 '89

7&&89 :.!89

*"+,-.
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Mining API Change Rules

Rule: 
1st step: selecting deltas
2nd step: discovering rules

''

1"2"-"1

.11"1

7&&89 :.!89< Confidence = 75% 

7&&89 .89 :.!89 /89

189 "89 789

.89 "89 7&&89 /89 :.!89

;89 7&&89 '89

7&&89 :.!89

*"+,-.
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Mining API Change Rules
isNil().ifTrue(*) ! ifNil(*)

keys().do(*) ! keysDo(*)

intersect(*) ! intersectIfNone(*,*)

Scanner.new().scanTokens(*) ! parseAsLiteralToken()

RegisterAsApplication(*) !"

WAAdmin.registerAsApplicationAt(*,*)

Character.cr() ! ROPlatform.current().newLine()

'(
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Tool Support

'H
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Evolution in the large: 
Supporting specific 
refactorings



class HSLColorSpace extends ColorSpace
 {

  public HSLColorSpace() { /* … */ }

"

  // …
}

class HSLColorSpace extends ColorSpace
  implements NamedColorSpace {

  private static HSLColorSpace instance;
  public static HSLColorSpace getInstance() {
      /* … */  }

  private HSLColorSpace() { /* … */ }

  public String getName() {
      return “HSL”;
  }

  // …
}

System Specific Refactorings

JHotDraw 7.4.1 ! 7.5.1



class HSVColorSpace extends ColorSpace
 {

  public HSVColorSpace() { /* … */ }

"

  // …
}

class HSVColorSpace extends ColorSpace
  implements NamedColorSpace {

  private static HSVColorSpace instance;
  public static HSVColorSpace getInstance() {
      /* … */  }

  private HSVColorSpace() { /* … */ }

  public String getName() {
      return “HSV”;
  }

  // …
}

System Specific Refactorings

JHotDraw 7.4.1 ! 7.5.1



class HSVColorSpace extends ColorSpace
 {

  public HSVColorSpace() { /* … */ }

"

  // …
}

class HSVColorSpace extends ColorSpace
  implements NamedColorSpace {

  private static HSVColorSpace instance;
  public static HSVColorSpace getInstance() {
      /* … */  }

  private HSVColorSpace() { /* … */ }

  public String getName() {
      return “HSV”;
  }

  // …
}

System Specific Refactorings

JHotDraw 7.4.1 ! 7.5.1

Repeated 

9 times



PackageManager 0.58 ! 0.59
class GreasePharo30CoreSpec
"
platform 
     package

addPlatformRequirement: #’pharo’.
     package

addProvision: #’Grease-Core-Platform’

class GreasePharo30CoreSpec"

platformRequirements
    ^ #( #’pharo’ )

provisions
    ^ #( #’Grease-Core-Platform’ )

class SeasideCanvas20CoreSpec
"
platform 
     package

addPlatformRequirement: #’pharo2.x’.
     package

addProvision: #’Seaside-Canvas-Platform’

class SeasideCanvas20CoreSpec"

platformRequirements
    ^ #( #’pharo2.x’ )

provisions
    ^ #( #’Seaside-Canvas-Platform’ )

System Specific Refactorings



class GreasePharo30CoreSpec
"
platform 
     package

addPlatformRequirement: #’pharo’.
     package

addProvision: #’Grease-Core-Platform’

class GreasePharo30CoreSpec"

platformRequirements
    ^ #( #’pharo’ )

provisions
    ^ #( #’Grease-Core-Platform’ )

class SeasideCanvas20CoreSpec
"
platform 
     package

addPlatformRequirement: #’pharo2.x’.
     package

addProvision: #’Seaside-Canvas-Platform’

class SeasideCanvas20CoreSpec"

platformRequirements
    ^ #( #’pharo2.x’ )

provisions
    ^ #( #’Seaside-Canvas-Platform’ )

System Specific Refactorings

Repeated 

19 times

PackageManager 0.58 ! 0.59



Pharo systems Found

PetitDelphi 21
PetitSQL I 6
PetitSQL II 98
PackageManager I 50

PackageManager II 19

PackageManager III 64

PackageManager IV 7

Jenkins 7

MooseQuery I 16

MooseQuery II 8

Java systems Found

Eclipse I 26

Eclipse II 72

JHotDraw 9

MyWebMarket 7

VerveineJ 3

• Found (manually) in various systems 
histories

System Specific Refactorings



• System/task specific
• “Incomplete” (may break semantics)

• Complex
• Tedious
• Error prone

System Specific Refactorings

Automate ?



System Specific Refactorings

1

2

43

strategies



System Specific Refactorings

Operators’ parameters"
(to adapt)

!"1<3*"*$-1,7<)."
5<I"3-,<3.9

• Record



System Specific Refactorings

Custom"
refactoring"
name

IDE"
(list of methods)

• Replay
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Pharo systems #Repetition #Operators #Parameters

PetitDelphi 21 2 3
PetitSQL I 6 3 5
PetitSQL II 98 3 6
PackageManager I 50 5 4

PackageManager II 19 3 5

PackageManager III 64 2 4

PackageManager IV 7 4 7

Jenkins 7 1 3

MooseQuery I 16 1 3

MooseQuery II 8 4 5

• Case studies

System Specific Refactorings
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System Specific Refactorings

• “Can the tool configure  parameters?”
Pharo systems #repetitions #Operators #Parameters %Correct

PetitDelphi 21 2 3 99%

PetitSQL I 6 3 5 67%
PetitSQL II 98 3 6 83%

PackageManager I 50 5 4 29%

PackageManager II 19 3 5 54%

PackageManager III 64 2 4 72%

PackageManager IV 7 4 7 79%

Jenkins 7 1 3 49%

MooseQuery I 16 1 3 36%

MooseQuery II 8 4 5 28%
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System Specific Refactorings

• Efficiency depends on type of operator 
parameter

Param. type Correct Incorrect %Correct

Class 21 3 77%

Method 6 5 98%

Pragma (annotation) 98 6 13%

Prototype 50 4 99%

Source code 19 5 9%

variable 64 4 100%
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Evolution in the large: 
GWT to angular 
PhD CIFRE of Benoit Verhaeghe for Berger-Levrault



GWT Typical Application

- 26 000 Classes 
- 450 web pages  
- 974 000 invocations 
- 1 063 163 LOC (UI) 
















































