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INTRODUCTION
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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.

s Product’s portfolio
Variability model (configurations)
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Feature models

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

root == | Pizza
optional -
(yes or no)
N/ .
CheesyCrust | | Topping
or group

(choose any)

mandatory

(always required)

Dough

== XOr group
(choose only one)

Salami

Ham

Mozzarella

Normal

Big

Neapolitan

Sicilian

CheesyCrust = Big <= 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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Configurable systems

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

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

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

: Total configuration space:
P'Zza 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

Which variant or combination should | 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

How to analyze each variant?

- High number of possible alternatives.
- Logical constraints between the features.
- Interactions among the features.
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Sampling strategies

Existing techniques: Common issues:

Random sampling . Scalart):im of memory

- long execution times
Coverage-based sampling (t-wise - too large samples to be tested
sampling).

* Undesired samples:

. . - not all interactions are of user’s interest when
Distance-based sampllng. configuring a producto

- unrelated configurations

Solver-based sampling (SAT, constraint . Knowledge inference:

solvers). - Influence of each feature variant.

- from the whole configuration to specific variation
point.
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OUR APPROACH
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Simulation-based analysis of feature models

Feature model

/N

1. Identification of variation
points and variants

variation
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[ .---X (decision)
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variants (choices)
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3. Monte Carlo simulations

’ *, #configs

7—=*" %configs
i

E#conﬁgs
1%configs

>
product distribution

random ...

= .
T . sampling

product distribution

X
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Step 1. Identification of variation points and variants

1. Identification of variation 2. Statistical analysis of . .
. . . .. . 3. Monte Carlo simulations
Feature model pomts and variants variation pomts
variation ’__’rando.m
_.- point Ay T ‘ sampling 4
' [—\,----& (decision) T " #eonfigs —p| product distribution Evaluation
-> J :,, - 7__,&\' %configs - performance
/ \ ...... Z::-: ...... E ----------------- E #configs I \‘ - efficiency
E E ' 1%configs oL - faults
s I i B
/' : : _,."'
. 7 . ' '
variants (choices - iyt ; :
( ) product distribution % % estimations




Introduction  Problem & Motivation Results  Conclusions

Step 1. Identification of variation points and variants

Variability type Variant combinations Example

* Variation points: Mandatory

variation WebFramework
point
D s n t b | Authentication | BackEnd | | Testing
ec I S I O S O e ants 1 variant combination:
ma de variants {Authentication, BackEnd, Testing}
Optional | DatabaseOptimization |
variation

> | Cache | | ElasticSearch |

4 variant combinations:

* Variants:
1 variants -~ e @ {}, {Cache}, {FIasticSearch},
C h O I Ces = {Cache, ElasticSearch}

Alternative (xor)

| Authentication |

variation
point

* Variant combinations: ions a0
Allowed ChOice Selection (or)

variation

combinations accordingto | e
feature’s relations wrons ~» 81

THTTPSession || 0Auth2 || Uaa []JwT |

4 variant combinations:
{HTTPSession}, {OAuth2}, {Uaa}, {JWT}

Sociallogin

> | UserPass || Pin || DigCert |

7 variant combinations:

{UserPass}, {Pin}, {DigCert}, {UserPass,
Pin}, {UserPass, DigCert}, {Pin, DigCert},
{UserPass, Pin, DigCert}
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Step 1. Identification of variation points and variants
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Step 1. Identification of variation points and variants

v: 7/ i
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Step 2. Statistical analysis of variation points

Feature model

/N

1. Identification of variation
points and variants

variation
_.- point

[~,----& (decision)

| :

et )/'/ """"" (]

[} [}

[} [}
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variants (choices)

2. Statistical analysis of
variation points

3. Monte Carlo simulations
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Step 2. Statistical analysis of variation points

Statistical analysis

Product distribution:

VP (type) Variant combination #Conf %Conf . . . .
: _ e Characterization of the configuration space.
HHTPSession 7104 27.06%
Authentication OAth2 3520 13.41%

(xor-group) Uaa 4488 17.09%
JWT 11144 42.44% * Considers cross-tree constraints of the

Database  SQL 25488 97.13% feature model.

(XOr-group) Cassandra 280 0.01%

XOT-ETOUP) MongoDB 472 0.02%
None 4248 16.67%  « Provides the number of configurations

SQL Hibernate2ndLvICache 8496 33.33% . . if; . .. .

(optional) ~ ElasticSearch 4248 16.67% containing a specific variation point,
Hibernate2ndLvICache, ElasticSearch 8496 33.33% variants, and variants’ combinations.
H2 16992 66.67%

Development PostgreSQLDev 2832 11.11%

(xor-group) MariaDBDev 2832 11.11% o Allows determining the number of Monte

MySql 2832 11.11% . )
Carlo simulations.

Production  MYSQL 8496 33.33%

(xor-group) MariaDB 8496 33.33%

XOTEIOUP) postereSQL 8496 33.33%




Introduction  Problem & Motivation Results  Conclusions

Step 3. Monte Carlo simulations
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Step 3. Monte Carlo simulations
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Step 3. Monte Carlo simulations

Statistical analysis

Sample sizes (1%)

4

_Vran dom VP (type) Variant combination #Conf %Conf  #Sim

-~ sampling HHTPSession 710427.06% 12
‘ Authentication OAth2 3520 13.41% 36
- (xor-group) Uaa 4488 17.09% 45
product distribution IWT 1114442.44% 112
SQL 25488 97.13% 255

b Cassandra 280 0.01% 3

XOEIOUPT MongoDB 472 0.02% 5

None 4248 16.67% 43

SQL Hibernate2ndLvICache 8496 33.33% 85

(optional)  ElasticSearch 4248 16.67% 43

Hibernate2ndLvICache, ElasticSearch 8496 33.33% 85

H2 16992 66.67% 170

Development PostgreSQLDev 2832 11.11% 29

(xor-group) MariaDBDev 2832 11.11% 29

MySql 2832 11.11% 29

. : MySQL 8496 33.33% ]5

g ‘gf“f;ﬁ’“) MariaDB 84963333% g5

XOFSIOUPT postareSQL 8496 33.33% 85
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Statistical analysis

Monte Carlo simulations
Defective configurations

Experimentation
Digital twins

Simulation models

VP (type) Variant combination #Conf %Conf|#Sim Med Mean Std  %Conf
HHTPSession 7104 27.06%| 72 17.0 16.5 3.7 23.61%
Authentication OAth2 3520 13.41%| 36 12.5 13.334 34.72%
(xor-group) Uaa 4488 17.09%| 4541.5 408 2.7 92.22%
JWT 11144 42.44%| 112 22.0 22.1 43 19.64%

Database SQL 25488 97.13%| 255 87.5 89.29.7 34.31%
(xor-group) Cassandra 280 0.01% 3 20 2008 66.67%
“#1OUP) MongoDB 472 0.02%| 5 2.0 2213 40.00%
None 4248 16.67%| 43 16.5 163 2.7 38.37%

SQL Hibernate2ndLvICache 8496 33.33%| 8531.0 31948 3647%
(optional)  ElasticSearch 4248 16.67%| 43 140 14428 32.56%
Hibernate2ndLvICache, ElasticSearch 8496 33.33%| 85 28.5 28.6 5.0 33.53%

H?2 16992 66.67%| 170 60.5 59.7 59 35.59%

Development PostgreSQLDev 2832 11.11%| 29 6.0 35.922 20.69%
(xor-group) MariaDBDev 2832 11.11%| 29 19.0 19.5 2.0 65.52%
MySql 2832 11.11%| 29 6.0 58 1.6 20.69%

Production MySQL 8496 33.33%| 85 15.0 15740 17.65%
(xor-group) MariaDB 8496 33.33%| 85555 56.049 65.29%
group PostgreSQL 8496 33.33%| 8516.5 16.73.0 19.41%
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Step 3. Monte Carlo simulations

Estimations Statistical analysis Monte Carlo simulations
Defective configurations
Lem = ey VP (type) Variant combination #Conf %Conf|#Sim Med Mean Std ~ %Conf

S
o ‘. HHTPSession 7104 27.06%| 72 17.0 16.53.7 23.61%
" ’ Authentication OAth2 3520 13.41%| 36125 13334 34.72%
S -’ (xor-group) Uaa 4488 17.09%| 45 41.5 40.8 2.7 92.22%
/--\< JWT 11144 42.44%| 112 22.0 22.14.3 19.64%
T T S T T e SQL 25488 97.13%| 255 87.5 89.29.7 34.31%
: 0 (xOr-group) Cassandra 280 0.01% 3 20 2008 66.67%
' ' “SOUP) MongoDB 472 0.02%| 5 20 2213 40.00%
0 0

bocococcscscsccccscscsccccal None 4248 16.67% 43 16.5 16.3 2.7 38.37%
% % SQL Hibernate2ndLvlCache 8496 33.33%| 8531.0 31.948 3647%
(optional)  ElasticSearch 4248 16.67%| 43 14.0 14428 32.56%
Hibernate2ndLvICache, ElasticSearch 8496 33.33%| 85 28.5 28.6 5.0 33.53%
H2 16992 66.67%| 170 60.5 59.75.9 35.59%
Development PostgreSQLDev 2832 11.11%| 29 6.0 5922 20.69%
(xor-group) MariaDBDeyv 2832 11.11%| 29 19.0 19.52.0 65.52%
MySql 2832 11.11%| 29 6.0 581.6 20.69%
Production MySQL 8496 33.33%| 85 15.0 15740 17.65%
(xOr-group) MariaDB 8496 33.33%| 85555 56.049 65.29%
~sroup PostgreSQL 8496 33.33%| 85165 16.73.0 19.41%
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Step 3. Monte Carlo simulations

Influence of the variant features in each variation point.
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Approximation of the Monte Carlo simulations

Comparison with real probability.

Statistical analysis Monte Carlo simulations |Real probability

Defective configurations
VP (type) Variant combination #Conf %Conf|#Sim Med Mean Std = %Conf| Defective conf.
HHTPSession 7104 27.06%| 72 17.0 16.53.7 23.61%| 1586 (22.33%)
Authentication OAth2 3520 13.41%| 36 12.5 13.3 3.4 34.72%| 1397 (39.69%)
(xor-group) Uaa 4488 17.09%| 4541.5 40.82.7 92.22%| 4114 (91.67%)
JWT 11144 42.44%| 112 22.0 22.1 43 19.64%| 2279 (20.45%)
Database SQL 25488 97.13%| 255 87.5 89.29.7 3431%| 8992 (35.28%)
(xor-group) Cassandra 280 0.01% 3 20 200.8 66.67% 176 (62.86%)
xor-group MongoDB 472 0.02% 5 20 2213 40.00% 200 (42.37%)
None 4248 16.67%| 43 16.5 163 2.7 38.37%| 1607 (37.83%)
SQL Hibernate2ndLvICache 8496 33.33%| 8531.0 31948 36.47%| 3218 (37.88%)
(optional)  ElasticSearch 4248 16.67%| 43 14.0 14428 32.56%| 1390 (32.72%)
Hibernate2ndLvICache, ElasticSearch 8496 33.33%| 85 28.5 28.6 5.0 33.53%| 2777 (32.69%)
H2 16992 66.67%| 170 60.5 59.759 35.59%| 5970 (35.13%)
Development PostgreSQLDev 2832 11.11%| 29 6.0 5922 20.69%| 551 (19.46%)
(xor-group) MariaDBDev 2832 11.11%| 29 19.0 19.52.0 65.52%| 1913 (67.55%)
MySql 2832 11.11%| 29 6.0 581.6 20.69%| 558 (19.70%)
Production MySQL 8496 33.33%| 85 15.0 15.74.0 17.65%| 1660 (19.54%)
(xor-oroup) MariaDB 8496 33.33%| 85555 56.04.9 65.29%| 5708 (67.18%)
xor-grotip PostgreSQL 8496 33.33%| 85 16.5 16.73.0 19.41%| 1624 (19.11%)
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Approximation of the Monte Carlo simulations

Comparison with real probability over the whole configuration space.

— Real probability
Monte Carlo simulations

0.4& |-

0,01 (1% error)

Defective configurations

0 A 0,1 (10% error)
0.3 | | | | _ 26256
0 1,000 2,000 3,000 4,000 5,000 configurations

1% simulations Simulations
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Introduction

Problem & Motivation

Improving decision-making tools
» User assistant for configuring an application/product.
* Developer assistant for testing and maintaining an SPL.

Our Approach  Results

SOCI.a| SpringWeb Libass CIustc?red Database Docker Internationalization
Login Sockets Session Support
<X 23%(30%) 35%(35%) >R _34%(36%) 34%(37%) 2£4 i 42%(30%) 36%(35%)
Server Application || HTTPSession | | OAuth2 Uaa 0 JWT (| SQL || Cassandra || MongoDB || Gradle || Maven Protactor
/0%0% 35%/0\ 24% 35% 92% 6 67% 40% 47%  24% 36%(50%)
Microservice Uaa Microservice L Hibernate Elastic
s Monolithic
Application || Server Gateway 2ndLviCache Search
50% 20% 58% 25% )4\/34%&@) 34%(38%)
Configuration analysis legend: Hazel Eh o | Postgre Mari || Mysal || MysaL Maria | | Postgre
Decided Not selected Cast Cache SQLDev DBDev DB SQL Cross tree constraints:
0,
feature feature 34% 35% 6% 21% 66% 21% 18% 65% 19% OAuth2 A -Sociallogin A -MicroserviceApplication =>SQL vV MongoDB
Alternative Ontional Sociallogin => (HTTPSession V JW) A Monolithic A (SQL V MongoDB)
P DiskBased || InMemory -0Auth2 A -Sociallogin A =MicroserviceApplication =>SQL V MongoDB V Cassandra
feature feature . . -

X% X%(V%) 35% 36% SpringWebSockets V ClusteredSession => Application

"1 _____________________ » "4 ° MicroserviceApplication Vv ClusteredSession => JWT V Uaa
Estimated probability of Estimated probability of Monolithic => JWT V HTTPSession V OAuth2
achieving a configuration achieving a configuration Feature model legend: PostgreSQL =>H2 V PostgreSQLDev
with faults if this feature with faults if this feature & mandatory ¢ optional Morgroup A alternative group Server => -Protactor -Server => Protactor MySQL => H2 V MySq

is selected is NOT selected

Libass => Application MariaDB => H2 V MariaDBDev

UaaServer =>Uaa
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Step-wise decision analysis based on
Monte Carlo simulations

* 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.
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