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Software Product Lines (SPL)
An SPL defines a set of common and variable characteristics to be 
customized to the needs of the stakeholders. 

Variability model
Product’s portfolio

(configurations)
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Feature models
Feature models are the de-facto standard in SPL to model 
commonalities and variabilities.

root
optional

(yes or no)
mandatory

(always required)

xor group
(choose only one)

or group
(choose any)

Constraints
(dependencies between features)
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Configurable systems
Feature models represent the variation points of an application and 
their possible variants in terms of features.
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variation
point

Configurable systems
Feature models represent the variation points of an application and 
their possible variants in terms of features.

variants

{Salami}
{Ham}

{Mozzarella}
{Salami, Ham}

{Salami, Mozzarella}
{Ham, Mozzarella}

{Salami, Ham, Mozzarella}

Total configuration space:
12 features => 48 configurations
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Highly Configurable Systems
Colossal configuration spaces.
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Highly Configurable Systems
Lot of variations points and variants => Lot of decisions
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Highly Configurable Systems
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Feature model legend:

mandatory
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optional or group alternative group

Which variant or combination should I select for my Database?
It depends on the requirements and non-functional properties:

performance, energy efficiency, fault tolerance, price,…

???
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Highly Configurable Systems
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Feature model legend:

mandatory

Cross tree constraints:

H2

DiskBased InMemory

optional or group alternative group

How to analyze each variant?
- High number of possible alternatives.
- Logical constraints between the features.
- Interactions among the features.

???
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Existing techniques:

• Random sampling

• Coverage-based sampling (t-wise 
sampling).

• Distance-based sampling. 

• Solver-based sampling (SAT, constraint
solvers).

• …

Sampling strategies

Common issues:

• Scalability:
- run out of memory
- long execution times
- too large samples to be tested

• Undesired samples:
- not all interactions are of user’s interest when 

configuring a producto
- unrelated configurations

• Knowledge inference:
- Influence of each feature variant.
- from the whole configuration to specific variation 
point.
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OUR APPROACH
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3. Monte Carlo simulations
2. Statistical analysis of 

variation points
1. Identification of variation 

points and variantsFeature model

product distribution

#configs
%configs

#configs
%configs

variation 
point

(decision)

variants (choices)

product distribution

random 
sampling

estimations
% % 

Evaluation
- performance
- efficiency
- faults

-...

Simulation-based analysis of feature models
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Step 1. Identification of variation points and variants

Alternative (xor)

g1 g2 gn...

f

Variability type

variation
point

variants

Selection (or)
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f
variation

point
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Optional
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c

c
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c1

c

c2 cm...
m = n

c1

c
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Mandatory
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Variant combinations
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m = = 

m = = 

m = 1

• Variation points:

• Variants:

• Variant combinations:

Decisions to be 
made

Choices

Allowed choice 
combinations according to 

feature’s relations
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Step 1. Identification of variation points and variants

jHipster

Generator

Server

Microservice
Application

Uaa
Server

Microservice
Gateway

Monolithic

Application

Authentication

HTTPSession OAuth2 Uaa JWT

Database

SQL Cassandra MongoDB

Hibernate
2ndLvlCache

Development Production
Elastic
Search

Hazel
Cast

Eh
Cache

Postgre
SQLDev

Mari
DBDev

MySql MySQL
Maria

DB
Postgre

SQL

Social
Login

SpringWeb
Sockets

Libass
Clustered
Session

BackEndDocker

Gradle Maven

Internationalization
Support

Testing
Framework

Protactor Gatling Cucumber

OAuth2   ¬SocialLogin   ¬MicroserviceApplication => SQL   MongoDB
SocialLogin => (HTTPSession   JW)   Monolithic   (SQL   MongoDB)

¬OAuth2   ¬SocialLogin   ¬MicroserviceApplication => SQL   MongoDB   Cassandra

PostgreSQL => H2   PostgreSQLDev
Monolithic => JWT   HTTPSession   OAuth2

SpringWebSockets   ClusteredSession => Application
MicroserviceApplication   ClusteredSession => JWT   Uaa

Server => ¬Protactor ¬Server => Protactor MySQL => H2   MySql
Libass => Application UaaServer => UaaMariaDB => H2   MariaDBDev

Feature model legend:

mandatory

Cross tree constraints:

H2

DiskBased InMemory

optional or group alternative group

Introduction→ Problem & Motivation→ Our Approach→ Results→ Conclusions



Step 1. Identification of variation points and variants

Variation points, variants, 
and variant combinations:

jHipster

Generator

Server

Microservice
Application

Uaa
Server

Microservice
Gateway

Monolithic

Application

Authentication

HTTPSession OAuth2 Uaa JWT

Database

SQL Cassandra MongoDB

Hibernate
2ndLvlCache

Development Production
Elastic
Search

Hazel
Cast

Eh
Cache

Postgre
SQLDev

Mari
DBDev

MySql MySQL
Maria

DB
Postgre

SQL

Social
Login

SpringWeb
Sockets

Libass
Clustered
Session

BackEndDocker

Gradle Maven

Internationalization
Support

Testing
Framework

Protactor Gatling Cucumber

OAuth2   ¬SocialLogin   ¬MicroserviceApplication => SQL   MongoDB
SocialLogin => (HTTPSession   JW)   Monolithic   (SQL   MongoDB)

¬OAuth2   ¬SocialLogin   ¬MicroserviceApplication => SQL   MongoDB   Cassandra

PostgreSQL => H2   PostgreSQLDev
Monolithic => JWT   HTTPSession   OAuth2

SpringWebSockets   ClusteredSession => Application
MicroserviceApplication   ClusteredSession => JWT   Uaa

Server => ¬Protactor ¬Server => Protactor MySQL => H2   MySql
Libass => Application UaaServer => UaaMariaDB => H2   MariaDBDev

Cross tree constraints:

H2

DiskBased InMemory

v: 2
c: 2

v: 2
c: 2

v: 2
c: 2

v: 7
c: 128

v: 4 c: 4 v: 3 c: 3
v: 1
c: 2v: 2 c: 2

v: 3 c: 3v: 4 c: 4
v: 2
c: 2

v: 2
c: 2

v: 2
c: 4

Variation
Point

v: X
c: Y

Number of variant combinations

Number of variants

Feature model legend:

mandatory

optional

or group

alternative group

Introduction→ Problem & Motivation→ Our Approach→ Results→ Conclusions



3. Monte Carlo simulations
2. Statistical analysis of 

variation points
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Step 2. Statistical analysis of variation points

Introduction→ Problem & Motivation→ Our Approach→ Results→ Conclusions



Step 2. Statistical analysis of variation points
Feature model

• Enumeration => infeasible
• BDD solvers
• #SAT solvers
• …

Counting technology

product distribution

#configs
%configs

#configs
%configs

Product distribution
per variation point and variants
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Step 2. Statistical analysis of variation points
Product distribution:

• Characterization of the configuration space.

• Considers cross-tree constraints of the 
feature model.

• Provides the number of configurations 
containing a specific variation point, 
variants, and variants’ combinations.

• Allows determining the number of Monte 
Carlo simulations.
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Step 3. Monte Carlo simulations

product distribution

random 
sampling

Evaluation
- performance
- efficiency
- faults

-... % % 

Estimations

1 simulation
=

1 random
configuration sample
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Step 3. Monte Carlo simulations

product distribution

random 
sampling

Sample sizes (1%)
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Step 3. Monte Carlo simulations

Evaluation
- performance
- efficiency
- faults

-...

• Experimentation
• Digital twins
• Simulation models
• …

Evaluation techniques
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Step 3. Monte Carlo simulations

% % 

Estimations
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Step 3. Monte Carlo simulations
Influence of the variant features in each variation point.
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RESULTS
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Approximation of the Monte Carlo simulations
Comparison with real probability.
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Approximation of the Monte Carlo simulations
Comparison with real probability over the whole configuration space.

0,1 (10% error)

26256 
configurations

0,01 (1% error)

1% simulations
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CONCLUSIONS
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Improving decision-making tools
• User assistant for configuring an application/product.

• Developer assistant for testing and maintaining an SPL.
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• Driven by the variation points.
Let decide the user its decisions of interest.

• Scales to large configuration spaces.
Split the analysis into the main decisions a user faces.

• Approximates the influence of each feature variant.
Monte Carlo simulations evaluates as few configurations as possible.

• Complements existing sampling techniques.
Improving the understanding of the influence of each feature selection.

Step-wise decision analysis based on
Monte Carlo simulations
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