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Learning Objectives

Define feature, feature selection, feature dependency,product, domain.

Understand what drives scoping decisions

Translate feature diagrams to propositional formulas

Modal features and feature dependencies by means of feature models

IdentifysomeindustrialautomationtoolsforFeatureModelling

Main Reference:
Feature-Oriented Software Product Lines: Concepts and Implementation, 
Sven Apel ± Don Batory ±Christian Kÿstner ± Gunter Saake

Springer-Verlag Berlin Heidelberg 2013, ISBN 978-3-642-37521-7

Other publications (see slides for references)
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Features and Products

Features are the concerns of stakeholders and theirprimary interest in product-line engineering.

A Featureis ̄ a logical unit of behaviorspecified by a set of functional andnon-functional requirements°

Features are used in product-line engineering to specify andcommunicate commonalities and differences 

of the products between stakeholders,and to guide structure, reuse, and variation across all phases of the

software life cycle.

The productportfolioof a product line is defined by its features and their relations.

A specific productis identified by a subset of features, called a feature selection.



SPL Domain

A key success factor of product-line development is to set a proper focus on a

particular, well-definedand well-scoped domain.

A domainis an area of knowledge that:

is scoped to maximize the satisfaction of the requirements of its stakeholders,

includes a set of concepts and terminology understood by practitioners inthat 

area and includes the knowledge of how to build software systems.



Domain Engineering

Domain engineeringis the process of analyzing the domain ofa product line and developing 

reusable artifacts. Domain engineering does not resultin a specific software product, but 

prepares artifacts to be used in multiple, if notall, products of a product line.

Domain engineering is the life-cycle that is further responsible for scopingthe product line and 

ensuring that the platform has the variability that isneeded to support the desired scope of 

products.It targets development for reuse.

Domain engineering results in the commonassets that together constitute the product line®s 

platform. 
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Domain Modelling

Domain modelling captures and documents the commonalities and variabilities 

of the scoped domain. 

Typically, commonalities and differences between desired products are 

identified and documented in terms of features and their mutual dependencies 

under feature models.



Domain Modelling

The FeatureUML method aims to define a systematic way of developing software product line. 

The focus of this method is the domain analysis phase and part of the application engineering 

phase. The modeling techniques used in this method include feature diagrams and UML 

models.



Domain Modelling

Domain Analysis: Scoping

Domain scoping is the process of deciding on a product line®s extent or range. 

The scope describes desired features or specific products that should be supported. 

http://wwwagse.informatik.uni-kl.de/teaching/ple/ws2011/PLE11_03_Scoping.pdf



Domain Modelling
Domain Analysis: Scoping

Product lines with a small scope are easier to develop and maintain, as they target a well-

defined domain of very similar products with few variations and much reuse. 

There is a trade-off between implementation effort and potential use of the product line. The 

trade-off requires careful business consideration, including determining prospective revenue, 

potential customers, and costs of additional features.



Domain Analysis: Scoping
Common concepts/questions of all scoping approaches

Products: 

Which products do I want in my product line? What is their market, when will they be released? 

Domains: 

Which subdomains will my product line have? Which information do they carry? What are 

reasonable domains for the product line (in terms of knowledge, stability etc)? 

Features:

Which features will my product line have? Which product will have what kind of features? 

Which are easy, which are risky features? 

Assets:

Which assets do I have in my product line? Which components, documentation etcexists 

already in a reusable form, which ones do I have to (re-)implement?
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What is a Feature?

Concept in a domain

Can be seen as a high-level requirement

Features represent commonalities and variabilities in a product line

Unit of communication among stakeholders

A specific set of features determines a product variant

feature configuration as input to product derivation

A feature is a kind of concern

concerns features



What is a Feature?

Feature-Based Configuration involves:

Checking for satisfiability of FMs

Enforcing correct configurations

Counting possible configurations

Enumerating valid configurations

Propagating configuration decisions 

Merging distributed configurations

¤



Feature Modelling



Feature Modelling

Feature modeling is a notation for modeling commonality and variability in product families. In 

their basic form, feature models contain mandatory/optional features, feature groups, and 

implies and excludes relationships. 

It is known that such feature models can be translated into propositional formulas, which 

enables the analysis and configuration using existing logic-based tools.



Feature Modelling

Feature modeling is to express variability in terms of common and optional features.

Feature modeling takes place in domain 

analysis, but its results play a central role 

in other phases of product-line development

such as requirements analysis and product 

derivation. In short, a feature model 

documents a product line®s variability.



Feature Modelling
Feature Diagrams

A feature diagram is a graphical notation to specify a feature model. It is a tree

whose nodes are labeled with feature names. Different notations convey various

parent²child relationships between features and their constraints:

Only One-out-ofmany choice. This choice 

corresponds to a generalized XOR operator

Some-out-of-many choice. This choice 

corresponds to the logical OR operator



Feature Modelling
Feature Diagrams

Figure 2.5shows an example of a feature 

diagram that, in its complete form, covers 

65 features. Nodes shaded in gray are 

folded subtrees.

Fig. 2.5 Sample feature diagram for embedded data management



Feature Modelling
Formalization in Propositional Logic

Feature diagrams can be directly mapped to propositional formulas, thereby defining a formal semantics 

of feature diagrams. A set F of feature names are interpreted as propositional variables, and p, f and fi are 

members of F.

A mandatoryfeature definition between a parent feature p and a child feature f:

mandatory (p,f )  f ᵾ p 

Denote solid bullet, if the parent feature is selected, then the child must be selected, and vice versa

An optionalfeature states that the parent p may be chosen independently from f, but the child f can only 

be chosen if p is selected:
optional (p,f )  f ᵼp

Denoted by an empty bullet



Feature Modelling
Formalization in Propositional Logic

Mapped to propositional logic, this is adisjunction, in which, at least, one child feature is 

selected when the parent is chosen. It is an XOR, one-out-of-many choice:

An unrestricted choicedenoted by a filled arc in feature diagrams. Mapped to propositional 

logic, the selection of p is equivalent to a disjunction of the child features. It is an OR, some-

out-of-many choice:

Propositional logic enables us to use automated tools to test interesting properties, such as 

checking validity of feature models and feature selections, and detect dead features



We use the product line of graph libraries to illustrate feature diagrams formalization. We use 

the feature diagram to illustrate the mapping to a propositional formulas:

Any coment over the formula of Search node?

Feature Modelling

Formalization in Propositional Logic

a᷈lternative(Search,{DFS,BFS})



After expanding the feature constraints, we arrive at the following formula:

Feature Modelling

Formalization in Propositional Logic

(᷈((BFS D᷉FS) ᵾ Search ) ᷈ (BFS D᷈FS))



To illustrate the transformation to propositional logic for 3-children situations, we use an 

additional example to ensure all combinations are counted for:

Feature Modelling

Formalization in Propositional Logic

OS ᵾ (Linux W᷉in M᷉ac)᷈ (Linux W᷈in)᷈ (Linux M᷈ac)᷈ (Win M᷈ac)



In the literature, there are many variations of feature diagrams including:

1. Some cross-tree constraints can be modeled graphically. Arrows can denote implications or mutual 

exclusion, as exemplified in Fig. 2.8a.

2. Some notations distinguish abstract from concrete features. Abstract features are used for structuring 

and documentation purposes only and are not bound to implementation artifacts. (such as features 

EdgeTypeand Search in Fig. 2.6). In Fig. 2.8b, abstract features are denoted by gray boxes.

3. Some notations support multiple group types under the same feature. For example, in Fig. 2.8c, 

features I, J, and K share the same parent even though they belong to different groups. 

4. Some notations permit the mixing of mandatory and optional features with alternative and choice 

groups, as also illustrated in Fig. 2.8c. 

Feature Modelling

Formalization in Propositional Logic



Feature Modelling

Formalization in Propositional Logic
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FM Automation
Feature Modeling in Auto industry*

In Automotive industry suppliers analyze the systems requirements and include applicable 

domain specific guideline requirements.

Form a master feature list as shown in Figure 1. Domain specific guideline encompasses best 

practices and certification related requirements pertaining to the required features.

Feature models show the common and variable 

features of a Product Line. 

Feature Models could be created using several tools both commercial 

and open source. Here we show Feature IDE 

tool for this examples.

*Jaisimha, S., Rajan, M., Kanagaraj, P., and Rajendran, S.K., ¯Managing Product Development through 

Feature Modeling,° SAE Technical Paper   2018-01-0089, 2018, doi:10.4271/2018-01-0089



FM Automation
Feature Modeling in Auto industry

The following steps show how to create a master model and use it to derive different product variants:

Step 1: Incorporate all inputs stemming from functional, non-functional, domain guidelines and form a 

feature model. 

Step 2: Iterate across this feature model until we have the correct level of feature levels leading to an 

atomic tangible feature that can be tested. 

Step 3: Include the feature model with Hardware, Software, and Mechanical model options to realize the 

feature sets. 

Step 4: Map the feature constraint relationship to form a master 

feature Model. 



FM Automation
Feature Modeling in Auto industry

Master Feature model example exhibit with model constraints defined



FM Automation
Feature Modeling in Auto industry

Step 5: Review the product variations for the different vehicle segments and regions needed for the OEM. Using the 

Master Feature Model, derive respective product configuration or product profiles. Figures 2c and 2d shows the 

product variants or profiles derived from the master feature model.

Step 6: Perform model checks to ensure that there is no risk in achieving the feature requirement. Any issues found 

during the model check will require a common review with the System Architecture Team

Variant Matrix



FM Automation
Feature Modeling in Auto industry

Feature Modelling, 

using Feature IDE 

tool to drive 

Product 

Configuration:


