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Variability-Rich Systems with a Single Code Base

o
__— an>=0ID
16.000 options managed 24.000 different platforms in 2.000+ options generating variants for
in 25M LoC [Acher2018] 2015 [Open2015] platforms, security levels... [Acher2018]
uifdef Object-orientation Object-orientation

and many variability implementation techniques...



Problem 1: How to identify variability implementations in an existing 00 codebase?
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Problem 1: How to identify variability implementations in an existing 00 codebase?

Problem 2: How to map these variability implementations to domain features?

Domain analysis
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State of the art on variability implementations detection

Context: projects clones

Cione 1 Cine 2 Cione 3
= =) =
Detection method:

Comparison between clones and mapping with
the domain features [Assuncgo2017]



State of the art on variability implementations detection

Context: projects clones

Cione 1 Cine 2 Cione 3
= =) =
Detection method:

Comparison between clones and mapping with
the domain features [Assuncgo2017]

Context: unique codebase and

preprocessing directives

#ifdef — variant

-l
/‘def

Detection method:

Determining the consistency of directives
[ Liebig2010]



State of the art on variability implementations detection

Our context: large and unique object-oriented codebase

Inheritance

Several implementation mechanisms
Variability buried in the code (variation points)

Detection method:

Currently no method Design Constructors
overloading

[Lozano2011], [Metzger2014], [Térnava2017] patterns Methods

overloading



Variation points and variants
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public abstract class Shape {

public abstract double area();

public abstract double perimeter(); /=*..

| public class Circle extends Shape {

private final double radius;
// Constructor omitted
public double area() {
return Math.PI * Math.pow(radius, 2);
}
public double perimeter() {
return 2 x Math.PI * radius;
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public class Rectangle extends Shape {
private final double width, length;
// Constructor omitted
public double area() {
return width * length;
}
public double perimeter() {
return 2 * (width + length);
}
public void draw(int x, int y) {
// rectangle at (x, y, width, length)
}
public void draw(Point p) {
// rectangle at (p.x, p.y, width, length)
}



Variation points and variants
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| public class Circle extends Shape { [

public abstract class Shape {

| vp_shape

public abstract double area();
public abstract double perimeter(); /*...x/

v_circle

private final double radius;
// Constructor omitted
public double area() {
return Math.PI * Math.pow(radius, 2);
}
public double perimeter() {
return 2 x Math.PI * radius;
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| v_rectangle |

public class Rectangle extends Shape {
private final double width, length;
// Constructor omitted
public double area() {
return width * length;
}
public double perimeter() {
return 2 * (width + length);
}
public void draw(int x, int y) {
// rectangle at (x, y, width, length)
}
public void draw(Point p) {
// rectangle at (p.x, p.y, width, length)

B
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Variation points and variants

w N

|
I
|
| 3

| public class Circle extends Shape { [

public abstract class Shape { [

vp_shape

public abstract double area();
public abstract double perimeter(); /*...x/

v_circle

private final double radius;
// Constructor omitted
public double area() {
return Math.PI * Math.pow(radius, 2);
}
public double perimeter() {
return 2 x Math.PI * radius;
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| v_rectangle |

public class Rectangle extends Shape {
private final double width, length;
// Constructor omitted
public double area() {
return width * length;

}
public double perimeter() {

return 2 * (width + length); [

) vp_draw

]
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public void draw(int x, int y) {

// rectangle at (x, y, width, length)

}

public void draw(Point p) {

// rectangle at (p.x, p.y, width, length)
}

30
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The theory of centres and the notion of symmetry [ Alexander2002 |

Centre: 3 field of organized force in an object or part of an object which makes that
object or part exhibit centrality.

A centre is commonly formed by 3 local symmetry.

=> The centre is the common part of the symmetric variants.

Ordered around a
centre of symmetry
— easy to describe

Random
—> hard to describe

12



Use of symmetries to detect variability implementations?

Intuition:

Presence of symmetries in object-oriented
codebases| Coplien2019] inspired from the
theory of centres

Symmetries present in mechanisms
implementing variability

v_circle

<abstract>

[ vpshape |
+ area(): double
+ perimeter(): double
Extends Extends
Circle Rectangle v_rectangle
+ radius: double + width: double
+ length: double
+ area():double + area(): double unchanged
+ perimeter():double + perimeter(): double
+ draw(int,int): void structure
+ arawépomfi: void
changes

arity



dentifying variation points with variants

Variability implementation technique > [ local symmetry |

Domain implementation

- variation point (commonality) <> [ unchanged | '.{

- variant (variability) — [ changes | ’ h’lf:,'hf'f‘f’w.g“ ®
iclass Node| e

void priat|){

LI
H"‘“ ] ™ & 9""’” o= _o b= _b.
i | widprindl
) a.printl); b.print{);
@ ’ e
dentification through local symmetries in core assets (models,source code, ...

High density of symmetries — variability intense places

Xhevahire Térnava, Johann Mortara, and Philippe Collet. 2019. Identifying and Visualizing Variability in Object-Oriented Variability-Rich Systems. In 23rd International
Systems and Software Product Line Conference - Volume A (SPLC '19), September 9-13, 2019, Paris, France. ACM, New York, NY, USA, 12 pages. 14



symfinder

@ NeOL]
=

fetching / parsing generating
> SYMFINDER
Variability-rich system |dentification of o
in a single code base symmetries Visualization of vp-s

Johann Mortara, Xhevahire Térnava, and Philippe Collet. 2019. symfinder: A Toolchain for the Identification and Visualization of Object-Oriented Variability Implementations.
In 23rd International Systems and Software Product Line Conference - Volume B (SPLC '19), September 9-13, 2019, Paris, France. ACM, New York, NY, USA, 6 pages. 15



Visualizing a small example

Shape

<abstract>

Shape [ vpshape |

+ area(): double
+ perimeter(): double

unchanged Extends Exterﬁ
changes / \
Circle Rectangle v_rectangle
+ radius: double + width: double
+ length: double

+ area():double + area(): double
+ perimeter():double + perimeter(): double un(:hanged
+ draw(int,int): void structure
v_circle mm—
Circle Rectangle

arity
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<

Automatic visualization of vp-s with variants

% Symfinder

Show project information

Hide legend

Class

O

Number of variants
Interface Method overloads
Abstract class . Constructor overloads

- vp_CategoryPlot

~ < vp_PiePlot

_~ vp-Plot

a~

S~ v_WaferMapPlot

N v_CompassPlot

jfreechart-v1.5.0 generated by symfinder version 549c
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What can be manually found: an example

CategoryPlot

Plots using
different
categories of
data

Plots using
bidirectional N >
axes N g

XYPlot

CompassPlot

Other zoomable
plots

N————

Plot
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Subject system
Java AWT
Apache (XF 3.2.7
Junit 4.12
Apache Maven 3.6.0
JHipster 2.0.28
JFreeChart 1.5.0
JavaGeom

ArgoUML

Analysed Lo(

69,974
48,655
9,317
105,342
2,335
94,334

32,/55
178,906

#yp-S

Visualisations et résultats disponibles ici : https://deathstar3.github.io/symfinder-demo/splc2019.html

1,221
7,468
253
1,443
140
1,415
/20

2,451

#variants
1,808
0,201
319
1,393
115
2,103
919
3,079

19


https://deathstar3.github.io/symfinder-demo/splc2019.html

Synthesis

Goals reached:

v Definition of vp-s with variants in
implementation relying on the notion of
symmetry

v Toolchain for automatic identification

v/ Some vp-s and variants can be visually
mapped to domain features

Next step:

Are the identified vp-s with variants valuable?
Need to measure the quality of our
identification method.

20



Problem 1: How to identify variability implementations in an existing 00 codebase?

Problem 2: How to map these variability implementations to domain features?

@ ? 1

Domain analysis Domain implementation

Domain
knowledge
—

Mapping
>

feature model

Source: http://stg-tud.github.io/sedc/Lecture/ws16-17/6-SPL.pdf 21



ArgoUML-SPL | Couto2011 |

s JavaSpecific.zargo - Class Diagram 1 - ArgoUML
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© o void
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As Diagram

By Priority

)
Polygon has multiple base classes, but Java does not support multiple inheritance. You must use interfaces instead. Class Sta \'ém A o e
& S ign ' - ieneeesnsE, te | | Activity | | Use Collaboration | | Deployment | | Sequence
Q@ I Medium IThis change is required before you can generate Java code.

[ Add Instance Variables te
[ Add Associations to Shap|
[ Add Instance Variables te
[ Add Instance Variables te
[ Add Instance Variables t
[ Change Multiple Inheritai
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>

To fix this, use the "Next>" button, or manually (1) remove one of the base classes and then (2) optionally define a new
iinterface with the same method declarations and (3) add it as an interface of Polygon, and (4) move the method
bodies from the old base class down into Polygon.

RV V)

Feature model of ArgoUML-SPL

(i

ArgoUML editor



Question: Are the identified yp-s from ArgoUML relevant for a feature mapping?

Domain

knowledge
—

Ground Truth

Domain analysis

-
Abstract Feature —~ é
ﬁ

Legend:

#  Mandatory ArgoUML-SPL | Py

' Optional B o { /
/3

vp-s automatically
identified by symfinder

[ | Concrete Feature Diagrams | | Cognitive

e N

— NS S

Mapping
>

feature mode

Source: http://stg-tud.github.io/sedc/Lecture/ws16-17/6-SPL.pdf

traces

Domain implementation |
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Example on ArgoUML-SPL

FeatUTEZ Sequence ‘ org.argouml.uml.diagram.

sequence.ui.
_-” FigClassifierRole

7’
’

//#1f defined(SEQUENCEDIAGRAM)
//@#$LPS-SEQUENCEDIAGRAM: GranularityType:Package
public class FigClassifierRole extends FigNodeModelElement org.argouml.uml.diagram.

org.argouml.uml.diagram. ui.FigNodeModelElement

deployment.ui. ~
FigClassifierRole

Feature: Use (ase " /

org.argouml.uml.diagram.
use_case.ui.FigActor

//#1f defined(USECASEDIAGRAM)
//@#$LPS-USECASEDIAGRAM: GranularityType:Package
public class FigActor extends FigNodeModelElement

24



Relevance of the vp-s

Domain

knowledge
—

Precision:

precision

Domain analysis

Legend:

v Mandatory
o Optional

Abstract Feature
[CT] Concrete Feature

| ArgoUML-SPL |

. O b
‘D‘Bgrmzs Cog!iﬁveSuppoﬂ

o——C——0 O 20
| Class | smte »emy\ UseCase\r : (

Mapping
>

feature model

Domain implementation

Percentage of identified vp-s and variants that could be mapped to domain features




Relevance of the vp-s

Domain analysis

Legend:

. / . .
Domain ¥  Mandatory [ ArgoUML-SPL |
©  Optional I,
knowledge Abstract Feature il Wi
———————P| | [ Concrete Feature [ DBg’ams 'Cog,iﬁ\}';"s.wﬂ ;‘L%,g"
——0——0r o S —
Class Smte Aamty ‘ Use Case ‘ (of {

Mapping
>

feature model

Domain implementation

. o °
2 Argo" INNI

o

® ® °

\.)l

Recall:

recall

Percentage of features’ traces that could be mapped to identified vp-s and variants
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Relevance of the vp-s

Calculating precision

precision = TP+ FP |[Up_v‘

Low precision was expected:

coarse grain features based on superficial domain knowledge

not all identified places with a symmetry are related to variability

=> need for a more precise identification

TP |TpNlpy . 593

1560

= 38%
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Relevance of the vp-s

Calculating recall

[l = =
reca TP+ FN

The missing 17% of traces are not variability related:

initialization classes

- external libraries

’Tgt|

TP [Tyl 593

712

= 83%
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Problem 1: How to identify variability implementations in an existing 00 codebase?

Problem 2: How to map these variability implementations to domain features?

Domain analysis

Domain
knowledge
—

feature model

27

Mapping
—>

Source: http://stg-tud.github.io/sedc/Lecture/ws16-17/6-SPL.pdf

Domain implementation

kefines class .

Kass Edge
Waight w = new Weight{);
lclass Node( Node o, b;
void print{){ Edge{Node _a,Node _b]
intid = 0; Super.print{};w.print{}; { T
int{{
System.out.print(id);
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Future work

- Formal definition of density to
increase the precision

- Map variation points and variant to
preprocessor directives

- Analyse multi-components systems
and systems of systems

- Ongoing experiment on Sat4j's
codebase with Daniel Le Berre

30



Automatic identification of object-oriented variability
implementations

Johann Mortara - Philippe Collet

v Definition of vp-s in implementation relying on the notion of
symmetry
v/ Automatic identification and visualization of vp-s and variants,
exhibiting zones of high density of symmetries

First mapping shows that some identified vp-s with variants
are relevant for feature mapping

=> Need for a more precise detection method
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