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Chapter 1. Introduction

1.1. What is pure::variants?

pure::variants provides a set of integrated tools to support each phase of the software product-line development
process. pure::variants has also been designed as an open framework that integrates with other tools and types
of data such as requirements management systems, object-oriented modeling tools, configuration management
systems, bug tracking systems, code generators, compilers, UML or SDL descriptions, documentation, source
code, etc.

Figure 1.1, “Overview of family-based software development with pure::variants’ shows the four cornerstone ac-
tivities of family-based software devel opment and the model sused in pure::variants asthe basisfor these activities.

When building the infrastructure for your Product Line, the problem domain is represented using hierarchical
Feature Models. The solution domain, i.e. the concrete design and implementation of the software family, isim-
plemented as Family Models.

The two models used for Application Engineering, i.e. the creation of product variants, are complementary to the
models described above. The Variant Description Model (VDM), containing the sel ected feature set and associated
values, representsasingle problem from the problem domain. The Variant Result Model describesasingle concrete
solution drawn from the solution family.

Figure 1.1. Overview of family-based softwar e development with pure::variants

£ Problem Domain £ Solution Family Domain
{3 Feature Models (=) Family Models
$ Application Problem EE Concrete Solution
Domain Domain
@ Variant (& Result Model

Description Model

pure::variants manages the knowl edge captured in these model sand providestool support for co-operation between
the different roles within a family-based software devel opment process:

» The domain analyst uses a Feature Model editor to build and maintain the problem domain model containing
the commonalities and variahilities in the given domain.

» The domain designer uses a Family Model editor to describe the variable family architecture and to connect it
viaappropriate rulesto the Feature Models.

» The application analyst uses a variant description model to explore the problem domain and to express the
problems to be solved in terms of selected features and additional configuration information. This information
is used to derive a Variant Result Model from the Family Model(s).

» The application developer generates a member of the solution family from the Variant Result Model by using
the transformation engine.

1.2. Link to PDF and Other Related Documents

The Workbench User Guide (Help->Help Contents) is a good starting point for familiarizing yourself with the
Eclipse user interface.




Link to PDF and Other Related Documents

The pure::variants XML transformation system is described in detail in the XML Transformation System Manual
(see Eclipse online help for aHTML version).

Any features concerning the pure::variants Server are described in the separate documents "pure::variants Server
Support Plug-In Manua" and "pure::variants Server Administration Plug-In Manual". The server is availablein
the products "Professional” and "Enterprise”.

The pure::variants Extensibility Guide is a reference document for information about extending and customizing
pure::variants, e.g. with customer-specific user interface elements or by integrating pure::variantswith other tools.

This document is available in online help as well asin printable PDF format here.




Chapter 2. Software and License Installation

2.1. Software Requirements

Thefollowing software has to be present on the user's machine in order to support the pure::variants Eclipse plug-
in:

Operating System: « Windows XP, Windows 7, Windows 2003 Server, Windows 2008 Server
¢ Ubuntu Linux for x86

* Intel MacOS X 10.5

Eclipse: Eclipse 3.5 or higher required. Eclipse is available from http://www.eclipse.org/.

Java EclipserequiresaJavaVirtual Machine (JVM) to beinstalled. Minimum versionis Ja-
va5. We recommend using a Sun JDK 5 compatible JVM. See http://www.java.com/
for asuitable VM.

2.2. Software Installation

2.2.1. How to install the software
pure::variants software is distributed and installed in several ways:

» Sand-Alone Installation with an Installer [Windows only] Installation via an Windows installer program.
Download the appropriate Windows installer package from the internet. After unpacking the ZIP file start the
Setup* .exe. Theinstaller will create a stand-alone installation of pure::variants, which can be easily uninstalled
without affecting any existing pure::variants or Eclipse installation. A Java Virtual Machine has be installed
separately before using pure::variants. Installation does not require administrative privileges, just writing priv-
ileges to the intended installation folder.

Installation into an existing Eclipse installation is not supported by the installer. The location of the down-
load site depends on the pure::variants product variant. Visit the pure-systems web site (http://www.pure-
systems.com) or read your registration e-mail to find out which site is relevant for the version of the software
your are using. Open the page in your browser to get additional information how to install the software.

« Installing from an Update Site Installation via the Eclipse update mechanism is a convenient way of installing
and updating pure::variants from an Internet site. See task "Updating features with the update manager” resp.
"Updating and installing software" in the Eclipse Workbench User Guide for detailed information on the Eclipse
update mechanism (menu Help -> Help Contents and then Workbench User Guide->Tasks).

The location of the site depends on the pure::variants product variant. Visit the pure-systems web site (http://
Www.pure-systems.com/pv) or read your registration e-mail to find out which site is relevant for the version
of the software your are using. Open the page in your browser to get information how to use update sites with
Eclipse 3.5.

* Archived Update Ste pure::variants uses also the format of archived update sites, distributed as ZIP files, for
offlineinstallation into an existing Eclipse installation.

Archived update sites are available for download from the pure::variants internet update site. The location
of the site depends on the pure::variants product variant. Visit the pure-systems web site (http://www.pure-
systems.com/pv) or read your registration e-mail to find out which siteisrelevant for the version of the software
your are using. Open the pagein your browser to get additional information how to use update siteswith Eclipse
3.5. pure::variants archived update site file names start with updatesite followed by an identification of the
contents of the update site. The installation process is similar to the internet update site installation.

2.2.2. Updating the pure::variants

The quickest way to get aupdate for pure:.variantsis to run the software updater inside pure::variants:
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Updating the pure::variants

 Start pure::variants (or the Eclipse in which pure::variants has been installed in).
» Sdect "Help"->"Software Updates'->"Find and Install...".
» Select "Search for new featuresto install" and "Next".

» Select "pure::variants update site” (all other check boxes should be deselected to speed up the process) and
"Finish".

If location "pure::variants update site is not present, create "New Remote Site", enter a name and the url of the
update site. Press "Ok", the new pure::variants update site from zip should be selected.

The location of the site depends on the pure::variants product variant. Visit the pure-systems web site (http://
www.pure-systems.com/pv) or read your registration e-mail to find out which site is relevant for the version
of the software your are using.

Figure2.1. Update Site Selection
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» Unfold all under pure::variants update site and select all features to be updated. If unsure, select al but the
Connector for oAW (if visible). The Connector for oAW requires an openArchitectureWare installation which
is by default not supplied. Select "Next".



http://web.pure-systems.com
http://web.pure-systems.com

Updating the pure::variants

Figure2.2. Pure::variants Plugin Selection
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» Accept license, hit "Next" and then "Finish".

Figure 2.3. Licence Agreement
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* Inthedialog select "Install al”.
* Restart pure::variants when asked for.

If the direct remote update is not possible (often due to firewall/proxies preventing eclipse accessing external web
sites), please go to the web site using an internet browser:




Obtaining and Installing a License

* For pure:variants Evaluation use www.pure-systems.com/pv-update

* For pure::variants Enterprise/Professional use www.pure-systems.com/pvde-update

and download the "Complete Updatesite” zip package:

 Start pure::variants (or the Eclipse in which pure::variants has been installed in).

* Select "Help"->"Software Updates'->"Find and Install...".

* Select "Search for new featuresto install" and "Next".

* Click on button "Archived Update Site" or "Local Update Site".

* Use"Browse" to select the downloaded zip archive.

» Press"Ok", the new pure::variants update site from zip should be selected.

« All other check boxes should be deselected to speed up the process). Press "Finish".

» Unfold al under pure::variants update site and select all features to be updated. If unsure, select al but the
Connector for oAW (if visible). The Connector for oAW requires an openArchitectureWare installation which
is by default not supplied. Select "Next".

» Accept license, hit "Next" and then "Finish".

» Inthediaog select "Install al".

* Restart pure::variants when asked for.

2.3. Obtaining and Installing a License

A valid licenseisrequired in order to use pure::variants. If pure::variantsis started and no license is present, then
the user is prompted to supply alicense. By selecting the Request License button a software registration formis
opened in the user's default web browser. After submitting the form, alicense file is generated and sent to the e-
mail address specified by the user. Select the Y es button and use thefile dial og to specify the licensefileto install.
The specified license will be stored in the current workspace. If the user has different workspaces, then the license
file hasto beinstalled in each of them.

Toreplace an expired license start pure::variants and open menu Window-> Preferences. Navigate to page Variant
Management->pure::variantsLicense (see Figure 2.4, “License Information Page”). This page showsthe currently
installed license and allowsto install new licenses. Click on button Install License and navigate to the licensefile.
Select it and click on button Open. Now the page shows the new license information.




Obtaining and Installing a License

Figure 2.4. License Information Page
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Chapter 3. Introduction to Product Line
Engineering with Feature Models

3.1. Introduction

Althoughtheterm " (Software) Product line Engineering" isbecoming morewidely known, thereis still uncertainty
among developers about how it would apply in their own development context. The purpose of this chapter isto
explain the design and automated derivation of the product variants of a Software Product Line using an easy to
understand, practical example.

One increasing trend in software development is the need to develop multiple, similar software products instead
of just asingle individual product. There are several reasons for this. Products that are being developed for the
international market must be adapted for different legal or cultural environments, aswell asfor different languages,
and so must provide adapted user interfaces. Because of cost and time constraints it is not possible for software
developersto develop anew product from scratch for each new customer, and so software reuse must beincreased.
These types of problems typically occur in portal or embedded applications, e.g. vehicle control applications.
Software Product Line Engineering (SPLE) offers a solution to these not quite new, but increasingly challenging,
problems. The basis of SPLE is the explicit modelling of what is common and what differs between product
variants. Feature Models are frequently used for this. SPLE also includes the design and management of avariable
software architecture and its constituent (software) components.

This chapter describes how this is done in practice, using the example of a Product Line of meteorological data
systems. Using this example we will show how a Product Line is designed, and how product variants can be
derived automatically using pure::variants.

3.2. Software Product Lines

However, before we introduce the example, we'll take a small detour into the basics of SPLE. The main difference
from “normal”, one-of-a-kind software development, is a logical separation between the development of core,
reusable software assets (the platform), and actual applications. During application development, platform soft-
wareis selected and configured to meet the specific needs of the application.

The Product Line's commonalities and variabilities are described in the Problem Space. This reflects the desired
range of applications (“product variants”) in the Product Line (the “domain”) and their inter-dependencies. So,
when producing a product variant, the application developer uses the problem space definition to describe the
desired combination of problem variabilities to implement the product variant.

An associated Solution Space describes the constituent assets of the Product Line (often referred to as the “ plat-
form™) and its relation to the problem space, i.e. rules for how elements of the platform are selected when certain
values in the problem space are selected as part of a product variant. The four-part division resulting from the
combination of the problem space and solution space with domain and application engineering is shown in Fig-
ure 3.1, “Overview of SPLE activities’. Several different options are available for modelling the information in
these four quadrants. The problem space can be described e.g. with Feature Models, or with a Domain Specific
Language (DSL). There are also a number of different options for modelling the solution space, for example com-
ponent libraries, DSL compilers, generative programs and also configuration files.




Modelling the Problem Space with Feature Models

Figure 3.1. Overview of SPLE activities
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In the rest of this chapter we will consider each of these quadrants in turn, beginning with Domain Engineering
activities. We'll first look at modelling the problem space - what is common to, and what differs between, the
different product variants. Then we'll consider one possible approach for realising product variants in the solution
space using C++ as an example. Finally we'll look at how Application Engineering is performed by using the
problem and sol ution space modelsto create aproduct variant. Inredlity, thislinear flow israrely found in practice.
Product Lines usually evolve continuously, even after the first product variants have been defined and delivered
to customers.

Our example Product Linewill contain different productsfor entry and display of meteorological dataon aPC. An
initial brainstorming session has led to a set of possible differences (variation points) between possible products:
meteorological datacan come from different sensors attached to the PC, fetched from appropriate Internet services
or generated directly by the product for demonstration and test purposes. Data can be output directly from the
application, distributed asHTML or XML through an integrated Web server or regularly written to file on afixed
disk. The measurements to make can also vary: temperature, air pressure , wind velocity and humidity could all
be of interest. Finally the units of measure could also vary (degrees Celsius vs. Fahrenheit, hPa vs. mmHg, m/
svs. Beaufort).

3.3. Modelling the Problem Space with Feature Models

We will now convert the informal, natural-language specification of variability noted above into a formal model,
in order to be ableto processit. Specificaly, wewill use a Feature Model. Feature models are simple, hierarchical
modelsthat capture the commonality and variability of aProduct Line. Each relevant characteristic of the problem
space becomes afeature in the model. Features are an abstract concept for describing commonalities and variabil-
ities. What this means precisely needsto be decided for each Product Line. A featurein this senseisacharacteristic
of asystem relevant for some Stakeholder. Depending on the interest of the Stakeholders a feature can be for the
example a requirement, a technical function or function group or a non-functional (quality) characteristic.

Feature models have a tree structure, with features forming nodes of the tree. Feature variability is represented
by the arcs and groupings of features. There are four different types of feature groups: “mandatory", “optional”,
"alternative’ and “or”.

When specifying which features are to be included in a variant the following rules apply: If a parent feature is
contained in avariant, all its mandatory child features must be also contained ("n fromn"), any number of optional
features can beincluded ("mfrom n, 0 <=m<=n"), exactly onefeature must be selected from agroup of aternative
features ("1 from n"), at least one feature must be selected from a group of or features ("m from n, m>1").
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Modelling the Problem Space with Feature Models

Figure 3.2. Structure and notation of feature models
(using pure::variants Directed Graph Export)
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Thereis no single standard for the graphical notation of feature models. We use a simplified notation created by
pure::variants Direct Graph Export (seethe section called “ Directed Graph Export™). Alternatives and groups of or
features are represented with traverses between the matching features. In this representation both colour and box
connector are used independently to indicate the type of group. Our notation isshownin Figure 3.2, “ Structure and
notation of feature models (using pure::variants Directed Graph Export)”. Using this notation, our examplefeature
model, with some modifications, is shown in Figure 3.3, “Feature Model for meteorological Product Line”’: Each
Feature Model has a root feature. Beneath this are three mandatory features — "Measurements”, "Data Source”
and "Output Format". Mandatory features will aways be included in a product variant if their parent feature is
included in the product variant. Mandatory features are not variable in the true sense, but serve to structure or
document their parent feature in some way. Our example also has aternative features, e.g. "External Sensors’,
"Demao" and "Internet" for data sources. All product variants must contain one and only one of these alternatives.

Figure 3.3. Feature Model for meteorological Product Line

————— Weather Station —__
Measurement s Data Source Output Format Alarm

v
Wind Speed - Temperature - Pressure  External Sensors - Demo - Intemet File Web Server Text Language Freeze Point  Storm Alert

At this stage we can already see one advantage that feature modelling has over a natural-language representation
- it removes ambiguities - e.g. whether an individual variant is able to process data from more than one source.
When taking measurements any combination of measurementsis meaningful and at |east one measurement source
is necessary for a sensible weather station, to model this we use a group of Or. Usually simple optional features
are used, such as the example of the freezing point alarm. Further improvements can also be made by refining the
model hierarchy. So the strict choice between Web Server output formats- HTML or XML — can be made explicit.

Feature models also support transverse relationships, such as requires (ps:requires) and mutually exclusive
(ps.conflicts), in order to model additional dependencies between features other than those already described. So,
in the example model, a selection of the “Freeze Point” alarm feature is only meaningful in connection with the
temperature measurement capability. This can be modelled by an "Freeze Point" requires " Temperature" relation-
ship (not shown in the figure). However, such relations should be used sparingly. The more transverse relations
there are, the harder it is for a human user to visualize connections in the model .

When creating a feature model it can be difficult to decide exactly how problem space variabilities are to be
represented in the model. In this caseit is best to discuss this further with the customer. It is usually better to base
these discussionsaround the featuremodel, since such modelsare easier for the customer to understand than textual
documents and / or UML models. Formalising customer requirements in this way offers significant advantages
later in Product Line development, since many architectural and implementation decisions can be made on the
basis of the variabilities captured in the feature model.

Inthe example, the use of the output format XML and HTML can be clarified. The model explicitly definesthat the
choice of output format is only relevant for Web Server, aformat selection is not possible for File or Text output.
However, in the context of a discussion of the feature model it could be decided that HTML is also desirable for
the on-screen (Window) representation and could also be applicable for file storage.

11



Modelling the Solution Space

This results in the modified feature model shown in Figure 3.4, “Enhanced Feature Model for meteorological
Product Line".

Figure 3.4. Enhanced Feature M odel for meteorological Product Line

We have added “Plaintext” to the existing features; this was implicitly assumed for output to the screen or to a
file. We have modelled the mutual exclusion of XML and screen display (“ Text”) using a (transverse) relationship
between these features (not shown).

The previous discussion describes the basic feature model approach commonly found in the literature. How-
ever, pure::variants extends this basic approach. To complement the so-called hard relations between features
(ps:requires and ps:conflicts) the weakened forms ps:recommends and ps:discourages have been added to many
feature model dialects. pure::variants also supports the association of named attributes with features. This allows
numeric values or enumerated values to be conveniently associated with features e.g. the wind force required to
activate the storm alarm could be represented as a " Threshold" attribute of the feature " Storm Alert".

An important and difficult issue in the creation of feature models is deciding which problem space features to
represent. In the example model it is not possible to make a choice from the available hardware sensor types (e.g.
use of a PR1003 or a PR2005 sensor for pressure). So, when specifying a variant, the user does not have direct
influence on the selection of sensor types. These are determined when modelling the solution space. If the choice
of different sensor types for measuring pressure is a major criterion for the customer / users, then appropriate
options would have to be included in the feature model.

Thismeansthat the featuresin the problem space are not a 1:1-illustration of the possibilitiesin the solution space,
but only represent the (variable) characteristics relevant for the users of the Product Line. Feature models are a
user-oriented (or marketing-oriented) representation of the problem space, not the solution space.

After creating the problem space model we can use it to perform someinitial analysis. For example, we can now
calculate the upper limit on the number of possible variants in our example Product Line. In this case we have
1,512 variants (the model in Figure 2 only has 612 variants). For such a small humber of variants the listing of
all possible variants can be meaningful. However, the number of variants is usually too high to make practical
use of such an enumeration.

3.4. Modelling the Solution Space

In order toimplement the sol ution space using asuitable variable architecture, we must take account of other factors
beyond the variability model of the problem space. These include common characteristics of all variants of the
problem space that are not modelled in the feature model, aswell as other constraints that limit the solution space.

These typically include the programming languages that can be used, the development environment and the ap-
plication deployment environment(s). Different factors affect the choice of mechanismsto be used for converting
from variation points in the solution space. These include the available development tools, the required perfor-
mance and the available (computing) resources, as well as time and money. For example, use of configuration
files can reduce development time for a project, if users can administer their own configurations. In other cases,
using preprocessor directives (#ifdef) for conditional compilation can be appropriate, e.g. if smaller program sizes
are required.

There are many possibilities for implementation of the solution space. Very simple variant-specific model trans-
formations can be made with model-driven software development (MDSD) tools by including information from
feature model sin the M odel - Transformation process, e.g. by using the pure::variants Connector for Ecore/openAr-
chitectureWare or the pure::variants Connector for Enterprise Architect. Product Lines can aso be implemented
naturally using "classical" means such as procedural or object-oriented languages.
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Designing a variable architecture

3.5. Designing a variable architecture

A Product Line architecture will only rarely result directly from the structure of the problem space model. The
solution space which can be implemented should support the variability of the problem space, but there won't
necessarily be a 1:1 correspondence of the feature models with the architecture. The mapping of variabilities can
take place in various ways.

In the example Product Line wewill use asimple object-oriented design concept implemented in C++ . A magjority
of the variability is then resolved at compile-time or link-time; runtime variability is only used if it is absolutely
necessary. Such solutions are frequently used in practice, particularly in embedded systems.

The choice of which toolsto usefor automating the configuration and/ or production of avariant playsasubstantial
role in the design and implementation of the solution space. The range of variability, the complexity of relations
between problem space features and solution constituents, the number and frequency of variant production, the
size and experience of the development team and many further factors play arole. In simple cases the variant
can be produced by hand, but quickly automation in the various forms like small configuration scripts, model
transformers, code generators or variant management systems such as pure::variants will speed production.

For modelling and mapping of the solution space variability pure::variants and itsintegrated model transformation
inmost caseisanidea. ThisusesaFamily Model to model the solution space, to associate sol ution space elements
with problem space features, and to support the automatic selection of solution space elements when constructing
aproduct variant.

Family models have a hierarchical structure, consisting of logical items of the solution architecture, e.g. compo-
nents, classes and objects. These logical items can be augmented with information about "real" solution elements
such as source codefiles, in order to enable automatic production of a solution from avalid feature model config-
uration (more on this later). For each family model element aruleis created to link it to the solution space. For
example, the Web Server implementation component isonly included if the Web Server feature has been selected
from the problem space. To achieve this, a hasFeature("Web Server') ruleis attached to the "Web Server" compo-
nent . Any item below “Web Server” in the Family model can only beincluded in the solution if the corresponding
Web Server feature is selected.

A pure::variants screen shot showing part of the solution spaceis shown in Figure 3.5, “ pure::variants screen shot
- solution space fragment shown at right”.

Figure 3.5. pure::variants screen shot - solution space fragment shown at right
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In our example, an architectural variation point arises, among other possibilities, in the area of data output. Each
output format can be implemented with an object of a format-specific output class. Thus in the case of HTML
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Deriving product variants

output, an object of type HtmIOutput is instantiated, and with XML output, an XmlQutput object. There would
also be the possibility here of instantiating an appropriate object at runtime using a Strategy pattern. However,
since the feature model designates only the use of alternative output formats, the variability can be resolved at
compile-time and a suitable object can be instantiated using code generation for example.

In our exampl e solution space alookup in atext database is used to support multiple natural languages. The choice
of which database to use is made at compile-time depending on the desired language. No difference in solution
architectures can be detected between two variants that differ only in the target language. Here the variation point
isembedded in the datalevel of the implementation. In many cases managing variable solutions only at the archi-
tectural level isinsufficient. As has aready been mentioned above, we must also support variation points at the
implementation level, i.e. in our case at the C++ source code level. Thisis necessary to support automated product
derivation. The constituents of a solution on the implementation level, like source code files or configuration files
which can be generated, can also be entered in the family model and associated with selection rules.

So the exi stence of the Web Server component in aproduct variant is denoted using a#define preprocessor directive
in aconfiguration Header file. In addition, an appropriate abstract variation point variable "WEB SERVER" must
first be created of the type ps.variable in the family model. The value of this variable is determined by a Value
attribute. In our case this value is always 1 if the variable is contained in the product variant. An item of type
ps:flagfile can now be assigned to this abstract variable. Thisitem also possesses attributes (file, flag), which are
used during the transformation of the model into "real" code. The meaning of the attributes is determined by the
transformation selected in the generation step . Here we use the standard pure::variants transformation for C/ C+
+ programs, which produces a C-preprocessor #define- Flags in the file defined by file from these specifications.

Separating the logical variation point from the solution makes it very simple to manage changes to the solution
space. For example, if the same variation point requires an entry in a Makefile, this could be achieved with the
definition of afurther source element, of the type ps:makefile, below the variation point "WEB SERVER".

3.6. Deriving product variants

The family model captures both the structure of the solution space with its variation points and the connection of
solution and problem space. Not only is the separation of these two spaces important, but also the direction of the
connection, since problem space models in most cases are much more stable than solution spaces; the linkage of
the solution space to the problem space is more meaningful than the selection of solution items by rules in the
problem space. This also increases the potential for reuse, since problem space models can simply be combined
with other (new, better, faster) solutions. In pure::variants the linkage between models is determined by creating
a configuration space with the relevant feature and family models as members.

Now we have all the information needed to create an individual product variant. The first step is to determine a
valid selection of characteristics from the feature model. In the case of pure::variants, the user is guided towards a
valid and complete feature selection. Once avalid selection isfound, the specified feature list aswell asthe family
model serve asinput for the production of avariant model. Then, asis described above, the rules of the individual
model items are checked. Only items that have their rules satisfied are included in the finished solution.

Since all these activities are done on pure::variants model level only, no "real" product has been created at this
point. The last step is to execute the transformation, which interprets the models and creates an actual product
variant. In pure::variants this transformation is highly configurable. In this example, source code would be copied
from afilerepository to avariant specific location, the configuration header file and some makefile settingswould
be generated. Also the generation of product variant specific UML modelsis a possible transformation. See fol-
lowing parts of the documentation for more information on the transformation process.
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Chapter 4. Getting Started with pure::variants

4.1. Variant Management Perspective

The easiest way to access the variant management functionality is to use the Variant Management perspective
provided by pure::variants. If not open by default, Use Window->Open Perspective->Other and choose Variant
Management to open this perspective inits default layout. The Variant Management perspective should now open
as shown below.

Figure4.1. Initial layout of the Variant M anagement Per spective
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Now select the Variant Projects view in the upper left side of the Eclipse window. Create an initial standard project
using the context menu of this view and choose New->V ariant Project or use the File->New->Project wizard from
the main menu. The view will now show a new project with the given name.

Oncethe standard project has been created, three editor windowswill be opened automatically: one for the Feature
model, one for the Family Model and one for the VDM.

4.2. Using Feature Models

When a new Variant project of project type Sandard is created a new Feature Model is also created with aroot
feature of the same name as the project's name followed by Features. This name can be changed using the Prop-
ertiesdialog of the feature. To create child features, use the New entry of the context menu of the intended parent
feature. A New Feature wizard allows a unique name, a visible name, and the type of the feature and other prop-
ertiesto be specified. All properties of a feature can be changed later using the Properties dialog.

The figure below shows a small example Feature Model for acar.
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Using Configuration Spaces

Figure4.2. A smple Feature Model of a car
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The Outline view (lower left corner) shows configurable views of the selected Feature Model and allows fast
navigation to features by double-clicking the displayed entry.

The Properties view in the lower middle of the Eclipse window shows properties of the currently selected feature.

The Table tab of the Feature Model Editor (shown inthelower |eft part) provides atable view of the model. It lists
all featuresin atable, where editing capabilities are similar to the tree (same context menu, cell editors concept...).
It allows free selection of columns and their order.

TheDetailstab of the Feature Model Editor providesadifferent view on the current feature. Thisview usesalayout
and fields inspired by the Volere requirements specification template to record more detail ed aspects of afeature.

The Graph tab provides a graphical representation of the Feature model. It also supports most of the actions
available in the feature model Tree view.

The Constraints tab contains a table with all constraints defined in the model supporting full editing capabilities
for the constraints.

4.3. Using Configuration Spaces

In order to create VDMsit isfirst necessary to create Configuration Spaces. These are used to combine modelsfor
configuration purposes. The New-> Configuration Space menu item starts the New Configuration Space wizard.
Only the names of the Configuration Space and at least one Feature Model have to be specified. The initialy
created Standard project Configuration Spaceis already configured in this way.

A VDM has to be created inside the Configuration Space for each configuration. This is done using the context
menu of the Configuration Space.

The VDM Editor is used to select the desired features for the variant. This editor is also used to perform configu-
ration validation. The Evaluate Model button on the toolbar, and the Variant->Evaluate menu item, are used to
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Transforming Configuration Results

perform an immediate validation of the feature selection. The Variant->Auto Evaluate menu item enables or dis-
ables automatic validation after each selection change. The Variant-> Auto Resolve menu item enables or disables
automatic analysis and resolution of selection problems.

The problemsview (lower right part) shows problemswith the current configuration. Double clicking on aproblem
will open the related element(s) in the VDM Editor. When used for the first time, Variant Management problems

may be filtered out. To resolve this, simply click on the filter icon 3# and select Variant Management Problems
as problem item to show. For some problems the Quick fix item in the context menu of the problem may offer
options for solving the problem.

The figure below shows an example of a problem selection.

Figure 4.3. VDM with a problematic selection
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The Outline view shows a configurable list of features from all Feature Models in the Configuration Space.

4.4. Transforming Configuration Results

Thelast step in the automatic production of configured product variantsis the transformation of the configuration
resultsinto the desired artifacts.

A modular, XM L-based transformation engine is used to control this process (see Section 5.9, “Variant Transfor-
mation”). The transformation process has access to all models and additional parameters such as the input and
output paths that have been specified in the Configuration Space properties dialog. The transformation file could
beasingle XSLT file, which isinturn executed with the configuration result asinput, or acomplete transformation
modul e configuration.

The transformation configuration for a Configuration Space is specified in its properties dialog. The Transforma-
tion Configuration Page (Figure 4.4, “ Transformation configuration in Configuration Space Properties’) of this
dialog allows the creation and modification of transformation configurations. A default configuration for the stan-
dard transformation is created when the Configuration Space is created. See Section 6.3.1, “ Setting up a Trans-
formation” for more information.
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Figure 4.4. Transfor mation configuration in Configuration Space Properties
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The toolbar transformation button is used to initiate a transformation (see Figure 4.5, “Transformation button in
Eclipsetoolbar” ). If the current feature selection isinvalid adialog is opened asking the user whether to transform
anyway.

Note

Transforming invalid configurations may yield incorrect product variants.

For more information on the XML transformation engine, see the document pure::variants XML Transformation
System Documentation.

The distributed examples include some sample transformations.

Figure 4.5. Transformation button in Eclipse toolbar
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4.5. Viewing and Exporting Configuration Results

Results of a configuration can be accessed in a number of ways. The Result view (Window->Show View->Oth-
er->Variant Management->Result) allows graphical review of the variant result models that have been derived
from the corresponding models in the Configuration Space.

The context menu of the Variant Projects view provides an Export operation. As shown in the figure below,
configuration results (features and components) can be exported as XML and CSV formats. The XML dataformat
is the same as for importing models but contains only the configured elements. The Export dialog asks the user
for a path and name and the export data formats for the generated files, and the model types to export.
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Exploring Documentation and Examples

Figure4.6. VDM export wizard
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4.6. Exploring Documentation and Examples

"pure::variants' gives an access to online help and examples of pure::variants usage. Online documentation is
accessed using "Help"->"Help Contents'.

Examples can beinstalled as projectsin the user's workspace by using "File"->"New"->"Example". The available
example projectsarelisted in the dialog below theitems"Variant Management™ and "V ariant Management SDK".
Each example project typically comes with a Readme.txt file that explains the concept and use of the example.

Additionally tutorials can be installed in the same way as the examples. The available tutorials are listed in the
dialog below the items "Variant Management Tutorials'. It contains the documentation itself in the pure::variants
project and optional project contents.
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Chapter 5. Concepts

5.1. Introduction

Thepure::variants Eclipse plug-in extendsthe Eclipse | DE to support the devel opment and depl oyment of software
product lines. Using pure::variants, a software product line is developed as a set of integrated Feature Models
describing the problem domain, Family Models describing the problem solution and Variant Description Models
(VDMs) specifying individual products from the product line.

Feature Models describe the products of a product linein terms of the features that are common to those products
and the features that vary between those products. Each feature in a Feature Model represents a property of a
product that will be visible to the user of that product. These models also specify relationships between features,
for example, choices between alternative features. Feature Models are described in more detail in Section 5.3,
“Feature Models’.

Family Models describe how the products in the product line will be assembled or generated from pre-specified
components. Each component in a Family Model represents one or more functional elements of the productsin
the product line, for example software (in the form of classes, objects, functions or variables) or documentation.
Family models are described in more detail in Section 5.4, “Family Models’.

Variant Description Models describe the set of features of a single product in the product line. Taking a Feature
Model and making choices where there is variability in the Feature Model creates these models. VDMs are de-
scribed in more detail in Section 5.5, “Variant Description Models’.

In contrast to other approaches, pure::variants capturesthe Feature Model (problem domain) and the Family Model
(problem solution) separately and independently. This separation of concerns makes it simpler to address the
common problem of reusing a Feature Model or a Family Model in other projects.

Figure 5.1, “pure::variants transformation process’ gives an overview of the basic process of creating variants
with pure::variants.

Figure5.1. pure::variantstransformation process
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The product lineis built by creating Feature and Family Models. Once these models have been created, individual
products may bebuilt by creating VDMs. Responsibility for creation of product line modelsand creation of product
modelsis usually divided between different groups of users.

5.2. Common Concepts in pure::variants Models
This section describes the common, generic structure on which all models are based.

All models store elements (featuresin Feature Model s, components, parts and source elementsin Family Models)
in ahierarchical tree structure. Elements (Figure 5.2, “(simplified) element meta model”) have an associated type
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Model Constraints

and may have any number of associated attributes. An element may also have any number of associated relations.
Additionally restrictions and constraints can be assigned to an element.

Figure5.2. (simplified) element meta model
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5.2.1. Model Constraints

Model constraints are used to check the integrity of the configuration (Variant Result Model) during a model
evaluation. They can be assigned to model elements for clarity only, i.e. they have no effect on the assigned
elements. All defined constraints haveto befulfilled for aresulting configuration to be valid. Detailed information
about using constraintsis given in Section 5.8, “Variant Description Evaluation”.

5.2.2. Element Restrictions

Element restrictions are used to decide if an element is part of the resulting configuration. During model evalu-
ation, an element cannot become part of a resulting configuration unless one of the restrictions defined on the
element eval uatesto true. Restrictions can not only be defined for el ements but also for element attributes, attribute
values, and relations. Detailed information about using restrictions is given in Section 5.8, “Variant Description
Evauation”.

5.2.3. Element Relations

pure::variants allows arbitrary 1:n relations between model elementsto be expressed. The graphical user interface
provides access to the most commonly used relations. The extension interface allows additional relations to be
accessed.

Examples of the currently supported relations are requires, required for, conflicts, recommends, discourages,
cond_requires, and influences. Use the Relations page in the property dialog of a feature to specify feature rela-
tions. Table 9.2, “ Supported rel ations between elements (1)” documentsthe supported rel ations and their meanings.

5.2.4. Element Attributes

pure::variants uses attributes to specify additional information associated with an element. An attribute is atyped
and named model element that can represent any kind of information (according to the values allowed by the
type). An element may have any number of associated attributes. The attributes of a selected model element are
evaluated and their values calculated during the model evaluation process. A simplified version of the element
attribute meta-model is shown below.
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Figure5.3. (Smplified) element attribute meta-model

ResirictedObject
|+ Sting R Restriction
+ name ; Btring - Bxpression ; String = true
+isPermitted( : boalean
AN

Attribute

+fiked : hoolean = true
+ type ; String = ps:string

+ getvalue : any

1 1

defaultvalue J [fived == trug] valu%List

n.r 0= _~|D__1 I [fixad == false]lﬁ

AttributeVaiue

+type : String = paistring

+ getlfailen - amy

AN

AttributeConstant AttributeCalculation

-value : String - language : String = pvProlog
- soript: String

+getvalued  any

+ getvaluad  any

Element attributes may be fixed (indicated with the checked F column in the GUI) or non-fixed. The difference
between a fixed and a non-fixed attribute is the location of the attribute value. The values of fixed attributes are
stored together with the model element and are considered to be part of the model. A non-fixed element attribute
valueis stored in aVDM, so the value may be different in other VDMs.

A non-fixed attribute must not, but can have values that are used by default when the element is selected and no
value has been specified in the VDM.

Guarding restrictions control the availability of attributesto the model evaluation process. If the restrictions asso-
ciated with an attribute evaluate to false, the attribute is considered to be unavailable and may not be accessed
during model evaluation.

A fixed attribute may have multiple value definitions assigned to it. A value definition may also have arestriction.
In the evaluation process the value of the attribute is that of the first value definition that has a valid restriction
(or no restriction) and successfully evaluates to true.

Instead of selecting one value from alist of possible values, it is also possible to provide attributes which have
a configurable collection of values. Each value in the collection is available in a variant if the corresponding
restriction holdstrue. Two typesof collectionsareavailablefor use: Listsand Sets. List attributesmean to maintain
an order of the values and allow multiple equal entries. Set attributes instead require each value to be unique. An
order isnot ensured. To use thisfeature, either square brackets ("[]") for lists or curly brackets ("{}") for setshave
to be added after the data type, e.g. ps:string{}, ps:boolean[], or ps:integer[].

Attribute Value Types

Thelist of value types supported in pure::variantsis defined in the pure::variants meta-model. Currently all types
except ps:integer and ps:float are treated as string types internally. However, the transformation phase and some
plug-ins may use the type information for an attribute value to provide specia formatting etc..
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The list of types provided by pure::variants is given in the reference section in table Table 9.1, “ Supported At-
tribute Types’. Users may define their own types by entering the desired type name instead of choosing one of
the predefined types.

By adding square brackets ("[]") or curly brackets ("{}") to the name of a value type alist or set type can be
specified, e.g. ps:string[], ps:boolean[], or ps:integer{}. A list or set type can hold alist of values of the same
data type. In contrast to normal types each of the given valuesis available in avariant if its restriction holds true
or it doesn't have arestriction.

Attribute Values

Attribute values can be constant or calculated. Calculations are performed by providing a calculation expression
instead of the constant value. The result of evaluating the calculation expression is the value of the attribute in a
variant. pure::variants uses either the built-in expression language pvSCL or pvProlog to express calculations.

Attributes with type ps.integer must have decimal or hexadecimal values of the following format.

‘('Ox' [0-9a-fA-F]+) | ([+]? [0-9]+)

Attributes with type ps:float must have values of the following format.

‘[+-]’? (([0-9]+ (*." [0-9]1%)?) | ("." [0-9]+)) ([eE] [+-]? [0-9]*)?

Attribute Value Calculations with pvSCL

When using pvSCL for value calculation, the following examples are agood starting point. For a detailed descrip-
tion of the pvSCL syntax, refer to Section 9.8, “ Expression Language pvSCL".

Attribute calculation in pvSCL requires the returned value to be of the defined attribute type. Thus, to assign the
value 1 to an attribute of type ps:integer use the following calculation expression:

1

To assign an attribute the value of another attribute & her At t ri but e of an element & her El enent , use the follow-
ing expression:

O her El enent - >Qt her Attri bute ‘

To return the half of the product of the value of two attributes, use:

(O her El ement - >Ct her At tri but e* Anot her El ement - >Anot her Attri bute)/2 ‘

Only the value of attributes of type ps:float and ps:integer should be used in arithmetic expressions.

Use the following expression to return a string based on another attribute.

"Text ' + OtherEl enent->CherAttribute + ' nore Text'

Attribute Value Calculations with pvProlog

When using pvProlog for value calculation, basic knowledge of the Prolog syntax and semantics are helpful. See
Section 9.7, “ Expression Language pvProlog” for a detailed description of the language. However, for many use
cases the following examples are a good starting point.

Attribute calculation in pvProlog requires the value to be bound to a variable called val ue. Thus, to assign the
value 1 to an attribute use the following calcul ation expression:
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Value = 1

To assign an attribute the value of another attribute & her At t ri but e of an element & her El enent , use the follow-
ing expression:

getAttribute(' G herEl enent',' GherAttribute',herAttributeVal ue),
Val ue = Gt herAttri but eVal ue

get Attribut e assigns the value to & her At tri but eval ue, which is then assigned to the result variable val ue.
This expression can be written more compact as follows.

getAttribute(' G herEl enent',' GherAttribute', Val ue)

Theresult of an arithmetic expressionsis assigned to the result variable using the keyword "is" instead of operator
"=". Toreturn the half of the product of the value of two attributes, use the following expression:

getAttribute(' G herEl enent',' GherAttribute', CAV),
get Attribute(' Anot her El ement', ' Anot her Attri bute', AAV),
Val ue is (QAV*AAV)/2

Ontheright side of keyword"is", arithmetic expressions can be used similar to most other programming languages.
Only the value of attributes of type ps:float and ps:integer should be used in arithmetic expressions.

Tip

Attribute values of type ps:boolean are represented as string constants' t rue' and* f al se' . They can not
be used in direct comparisons with pvProlog f al se and t r ue. Please make a string comparison instead,
€.J. Bool eanAttrValue = "true'.

5.3. Feature Models

Feature Models are used to express commonalities and variabilities efficiently. A Feature Model captures features
and their relations. A featureis a property of the problem domain that is relevant with respect to commonalities
of, and variation between, problems from this domain. The term relevant indicates that there is a stakeholder who
is interested in an explicit representation of the given feature (property). What is relevant thus depends on the
stakeholders. Different stakeholders may describe the same problem domain using different features.

Feature relations can be used to define valid selections of combinations of features for adomain. The main repre-
sentation of theserelationsisafeaturetree. Inthistree the nodes are features and the connections between features
indicate whether they are optional, alternative or mandatory. Table 9.4, “Element variation types and its icons”
gives an explanation on these terms and shows how they are represented in feature diagrams.

Additional constraints can be expressed as restrictions, element relations, and/or model constraints. Possible re-
strictions could allow the inclusion of afeature only if two of three other features are selected aswell, or disallow
theinclusion of afeatureif one of a specific set of featuresis selected.

Figure 5.4, “Basic structure of Feature Models’ shows the principle structure of a pure::variants Feature Model
as UML class diagram. A problem domain (ProblemDomainModel) consists of any number of Feature Models
(FeatureModel). A Feature Model has at least one feature.
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Figure5.4. Basic structure of Feature M odels
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5.3.1. Feature Attributes

Some features of a domain cannot be easily or efficiently expressed by requiring afixed description of the feature
and allowing only inclusion or exclusion of the feature. Although for many features this is perfectly suitable.
Feature attributes (i.e. element attributes in Feature Models) provide a way of associating arbitrary information
with afeature. This significantly increases the expressive power of Feature Models.

However, it should be noted that this expressive power could come at apricein some cases. The main drawback is
that for checking feature attribute values, the simple requires, conflicts, recommends and discouraged statements
are insufficient. If value checks are necessary, for example to determine whether a value within a given range
conflicts with another feature, pvProlog or pvSCL level restrictions will be required.

5.4. Family Models

The Family Model describes the solution family in terms of software architectural elements. Figure 5.5, “Basic
structure of Family Models’ shows the basic structure of Family Models as a UML class diagram. Both models
are derived from the SolutionComponentModel class. The main difference between the two modelsisthat Family
Models contain variable elements guarded by restriction expressions. Since Concrete Component Models are
derived from Family Models and represent configured variants with resolved variabilities there are no restrictions
used in Concrete Component Models. Please note, that older designations of Family M odelsare Family Component
Model or even just Component Model. Following just Family Model will be used to designate those models with
restrictions and thus unresolved variability.
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Figure5.5. Basic structure of Family Models
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5.4.1. Structure of the Family Model

The components of afamily are organized into a hierarchy that can be of any depth. A component (with its parts
and source elements) is only included in a result configuration when its parent is included and any restrictions
associated with it are fulfilled. For top-level components only their restrictions are rel evant.

Components:

A component is a named entity. Each component is hierarchically decomposed into further components or into
part elements that in turn are built from source elements.

Parts:

Parts are named and typed entities. Each part belongs to exactly one component and consists of any number of
source elements.

A part can be an element of a programming language, such as a class or an object, but it can also be any other key
element of the internal or external structure of a component, for example an interface description. pure::variants
provides anumber of predefined part types, such as ps.class, ps.object, ps:flag, ps.classalias, and ps.variable. The
Family Model isopen for extension, and so new part types may beintroduced, depending on the needs of the users.

Source Elements:

Since parts are logical elements, they need a corresponding physical representation or representations. Source
elements realise this physical representation. A source element is an unnamed but typed element. The type of a
source element is used to determine how the source code for the specified element is generated. Different types of
source elements are supported, such as ps:file that simply copies a file from one place to a specified destination.
Some source elements are more sophisticated, for example, ps.classaliasfile, which alows different classes with
different (aliases) to be used at the same place in the class hierarchy.

The actua interpretation of source elements is the responsibility of the pure::variants transformation engine. To
allow the introduction of custom source elements and generator rules, pure::variants is able to host plug-ins for
different transformation modulesthat interpret the generated Variant Result Model and produce aphysical system
representation from it.

The semantics of source element definitions are project, programming language, and/or transformation-specific.
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5.4.2. Sample Family Model

An example Family Model is shown below:

Figure5.6. Sample Family Model
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This model exhibits a hierarchical component structure. System is the top-level component, Memory its only sub
component. Inside this component are two parts, a class, and aflag. The classisrealized by two source elements.
Selecting an element of the family model will show its propertiesin the Properties view.

Using Restrictions in Family Models:

A key capability that makes the Family Modelling language more powerful than other component description
languages is its support of flexible rules for the inclusion of components, parts, and source elements. This is
achieved by placing restrictions on each of these elements.

Each element may have any humber of restrictions. An element isincluded if its parent isincluded and either there
are no restrictions on it or at least one of its restrictions evaluates to true.

For example, assigning therestriction not ( hasFeat ur e(* Heap' )) totheclassVvoi dEcononi st inFigure5.6, “ Sam-
ple Family Model” will cause the class and its child elements to be included when the feature Heap is not in the
feature set of the variant. See Section 5.4.3, “Restrictions in Family Models” for more information.

5.4.3. Restrictions in Family Models

By default every element (component, part or source element) is included in a variant if its parent element is
included, or if it has no parent element. Restrictions specify conditions under which a configuration element may
be excluded from a configuration.

It is possible to put restrictions on any element, and on element properties and relations. An arbitrary number
of restrictions are allowed. Restrictions are evaluated in the order in which they are listed. If arestriction rule
evaluates to true, the restricted element will be included.

A restriction rule may contain arbitrary (Prolog) statements. The most useful ruleishasFeat ur e( <f eat ure nane/
i d>) which evaluatesto trueif the feature selection contains the named feature.
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Examples of Restriction Rules

Including an element only if a specific feature is present

hasFeat ure(' Bar')

The element/attribute may beincluded only if the current feature sel ection containsthe feature with identifier Bar .
Or-ing two restriction rules

Rulel

not (hasFeat ur e(' Bar Foos'))

Rule2

hasFeat ur e(' FoosBar')

Thisisalogica or of two statements. The element will be included if either feature Bar Foos is not in the feature
selection or FoosBar isinit.

It is also possible to merge both rules into one by using the or keyword.

Rule1 or Rule2

not (hasFeat ure(' Bar Foos')) or hasFeat ure(' FoosBar"')

5.4.4. Relations in Family Models

As for features, each element (component, part, and source el ement) may have relations to other elements. The
supported relations are described in Section 9.2, “Element Relation Types”.

When a configuration is checked, the configuration may be regarded asinvalid if any relations are not satisfied.

Example using ps:exclusiveProvider/ps:requestsProvider relations

In the example below, the Cosine class element is given an additional ps:requestsProvider relation to require that
a cosine implementation must be present for a configuration to be valid. ps:exclusiveProvider relation statements
are used in two different cosine implementations. Either of which could be used in some feature configurations
(feature FixedTime and feature Equidistant). But it cannot be both implementations in the resulting system.

ps: cl ass(" Cosi ne")
Restriction: hasFeature(' Cosine')
Rel ati on: ps: request sProvi der = ' Cosi ne'

ps:file(dir = src, file = cosine_1.cc, type = inpl):
Restriction: hasFeature('FixedTine')
Rel ati on: ps: excl usi veProvi der = ' Cosi ne'

ps:file(dir = src, file = cosine_2.cc, type = inpl):
Restriction: hasFeature('FixedTine')
and hasFeat ure(' Equi di stant')
Rel ati on: ps: excl usi veProvi der = ' Cosi ne'

Example for ps:defaultProvider/ps:expansionProvider relation

In the example given above an error message would be generated if therestrictionsfor both elementswerevalid, as
it would not be known which element to include. Below, thisexampleis extended by using the ps: defaultProvider/
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ps:expansionProvider relations to define a priority for deciding which of the two conflicting elements should be
included. These additional relation statements are used to mark the two cosine implementations as an expansion
point. The source element entry for cosi ne_1. cc specifies that this element should only be included if no more-
specific element can be included (ps.defaultProvider). In this example, cosi ne_2. cc will be included when fea-
ture FixedTime and feature Equidistant are both selected, otherwise the default implementation, cosi ne_1. cc is
included. If the Auto Resolver for selection problems is activated then the appropriate implementation will be
included automatically, otherwise an error message will highlight the problem.

ps: cl ass(" Cosi ne")
Restriction: hasFeature(' Cosine')
Rel ati on: ps: request sProvi der = ' Cosi ne'

ps:file(dir = src, file = cosine_1.cc, type = inpl):
Restriction: hasFeature('FixedTine')

Rel ati on: ps: excl usi veProvi der = ' Cosi ne'
Rel ati on: ps: def aul t Provi der = ' Cosi ne'
Rel ati on: ps: expansi onProvi der = ' Cosi ne'

ps:file(dir = src, file = cosine_2.cc, type = inpl):
Restriction: hasFeature('FixedTine')
and hasFeat ure(' Equi di stant"')
Rel ati on: ps: excl usi veProvi der = ' Cosi ne'
Rel ati on: ps: expansi onPr ovi der ' Cosi ne'

5.5. Variant Description Models

Variant Description Models (VDM) describe the set of features of a single product in the product line. How to
make a feature selection is described in Section 7.3.4, “Variant Description Model Editor”. The validity of afea-
ture selection is determined by the pure::variants model validation described in Section 5.8, “Variant Description
Evauation”.

5.6. Hierarchical Variant Composition

See Section 6.2.1, “Hierarchical Variant Composition” for detailed information on how to create hierarchical
variants.

5.7. Inheritance of Variant Descriptions

To sharecommon feature sel ections/exclusions between several variants pure::variants supportsV DM inheritance.
This alows users to define the models for each VDM from which selections are to be inherited. Changes in the
inherited model selection will be propagated automatically to al inheriting models. Inheritance is possible across
Configuration Spaces and projects.

Thiskind of inheritance allows for example combination of partial configurations, restricting choices available to
users only to the points where the inherited model left decisions explicitly open, or use of variant configurations
in other contexts.

Thelist of modelsfrom whichto inherit selectionsis defined on the properties page of the VDM (see Section 7.5.3,
“Inheritance Page”). Models from the following locations can be inherited:

 from the same Configuration Space

« from another Configuration Space or folder of the same project

« from another Configuration Space or folder of areferenced project

Both single and multiple inheritance is supported. Single inheritance means that a VDM inherits directly from
exactly one VDM. Multiple inheritance means directly inheriting from more than one VDM. It is not supported

to directly or indirectly inherit a VDM from itself. But it is allowed to indirectly inherit a VDM more than once
(diamond inheritance).

30




Inheritance Rules

The following selections are inherited from a base VDM:

* selections explicitly made by the user

 exclusions explicitly made by the use

* selections the base VDM has inherited from other VDMs

Additionally attribute values defined in ainherited VDM are inherited if the corresponding selection is inherited.
The applicable rules for the inheritance are listed in Section 5.7.1, “Inheritance Rules”.

Inherited selections can not be changed directly. To change an inherited selection, the original selection in the
inherited VDM hasto be changed. Particularly if aselection isinherited that has a non-fixed attribute and no value
isgiven in theinherited VDM, it is not possible to set avalue for this attribute in the inheriting VDM. The value
can only be set in the inherited VDM.

If both the inherited and the inheriting VDM are open, changes on theinherited VDM areimmediately propagated
to the inheriting VDM. This propagation follows the rules described in Section 5.7.1, “Inheritance Rules’.

If thelist of inherited VDMs for a VDM is changed, all inheriting VDMs have to be closed before.

5.7.1. Inheritance Rules
The following rules apply to the VDM inheritance:

1. If amodel element is user selected in one inherited VDM it must not be user excluded in another. Otherwise
it isan error and the conflicting selection isignored.

2. There must be no conflicting values for the same attribute in different VDMs of the inheritance hierarchy,
unless the corresponding selection is not inherited. Otherwise it is an error and the conflicting attribute value
isignored.

3. Aninherited VDM has to exist in the current or in any of the referenced projects. Otherwiseit is an error and
the not existing VDM isignored.

4. A VDM must not inherit itself, neither direct nor indirect. Otherwiseit is an error.
5.8. Variant Description Evaluation

In the context of pure:variants, Model Evaluation is the activity of verifying that a VDM complies with the
Feature and Family Models it is related to. Understanding this evaluation process is the key to a successful use
of restrictions and relations.

5.8.1. Evaluation Algorithm

An outline of the evaluation agorithm is given in pseudo code belowFigure 5.7, “Model Evaluation Algorithm
(Pseudo Code)” .
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Figure5.7. Model Evaluation Algorithm (Pseudo Code)

nodel Eval uati on()

foreach(current in nodel Ranks())
{
checkAndSt or eFeat Sel ecti on(
get Feat Model sByRank(current));
sel ect AndSt or eFr onfamvbdel s(
get Famvbdel sByRank(current), cl ass(' ps: conponent'));
sel ect AndSt or eFr onfam | yModel s(
get Famvbdel sByRank(current), cl ass(' ps: part'));
sel ect AndSt or eFr onfam | yModel s(
get Famvbdel sByRank(current), cl ass(' ps: source'));

cal cul ateAttri but eVal uesFor Resul t () ;

checkFeat ureRestri cti ons(get Sel ect edFeatures());
checkRel ations();

checkConstraints();

}

nodel Eval uati on()
foreach(current in nodel Ranks())

checkAndSt or eFeat Sel ect i on(
get Feat Mbdel sByRank(current));

cal cul ateAttri but eVal uesFor Resul t () ;

checkFeat ureRestri cti ons(get Sel ect edFeatures());
checkRel ati ons();

checkConstraints();

}

The algorithm has certain implications on the availability of information in restrictions, constraints, and attribute
value calculations. For ssimplicity we will consider for now that all feature and Family Models have the same
model rank.

In the first evaluation step al feature selections stored in the VDM are matched to the structure of their Feature
Models. First all implicit features are calculated and merged with the feature selected by the user. For this set
it is now checked that structural rules for sub feature selections are fulfilled. This means that it is checked that
one dternative is selected from an aternative feature group etc. Feature restrictions are not checked. This set of
selected featuresis now stored for later access with hasElement.

The next step isto select elements from the Family Models. Thisis done in three iterations through the model. In
afirst run all components are checked in abreadth-first-traversal through the family model element hierarchy. For
each component therestrictionisevaluated. If therestriction evaluatesto true, the respective component isadded to
the set of selected Family Model elements. When all components are checked, all child components of the selected
components are checked until no more child components are found. The set of selected componentsis now stored
for later access with hasElement. In the next run all restrictions of child part elements of selected components are
evaluated in the same way asfor components. Thelast run doesthisfor al child parts of selected source elements.
This evaluation order permits part element restrictions to safely access the component configuration, since it will
not change anymore. The drawback isthat it is not safe to reason about the component configuration in restrictions
for components (of the same or lower ranks).

Warning

In pure:variants calling "hasElement" for an element of the same class (e.g. 'ps.component’) and the
same model rank will alwaysyield 'false' asresult. Make sure that Family Model element restrictions are
"safe". That is, they do not contain directly or indirectly references to elements for which the selection
isnot yet calculated (e.g. in attribute calculations or restrictions).

The above steps are repeated for all model ranks starting with the earliest model rank and increasing to the latest
model rank. (Note: the lower the model rank of a model, the earlier it is evaluated in this process, e.g. a model
of rank 1 is considered before amodel of rank 2).
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The last four steps in the model evaluation process are performed only once. First, the attribute values for al se-
lected elements are cal culated. Then the restrictions and after that the relations of the sel ected features are checked.
At this point all information about selected features and Family Model elementsis available. Finaly, the model
constraints are evaluated deciding if the current selection isvalid or not.

5.9. Variant Transformation

pure::variants supports a user-specified generation of product variants using an XML -based transformation com-
ponent. Input to this transformation processis an XML representation of the Variant Result Model. Transforma-
tion modules are bound to nodes of the XML document according to a user-specified module configuration. These
processing modules encapsul ate the actions to be performed on a matching node in the XML document.

A set of generic modulesis supplied with pure::variants, e.g. amodule to execute XSLT scripts and a module for
collecting and executing transformation actions. Thelist of available transformation depends on the pure::variants
product and installed extensions.

The user may create custom modules and integrate these using the pure::variants API.

The transformation module configuration is part of the Configuration Space properties (see Section 6.3.1, “ Setting
up a Transformation”).

5.9.1. The Transformation Process

The transformation process works by traversing XML document tree. Each node visited during this traversal is
checked to see whether any processing modules should be executed on it. If no module has to be executed, then
the node is skipped. Otherwise the actions of each module are performed on the node. Further modules executed
on the node can process not only the node itself but also the results produced by previously invoked modules.

The processing modules to be executed are defined in a module configuration file. This file lists the applicable
modules and includes configuration information for each module such as the types of nodes on which a module

is to be invoked. The transformation engine evaluates this configuration information before the transformation
process is started.

Figure5.8. XML Transformer

XML

Module
Config

The transformation engine initializes the available modul es before any module is invoked on a node of the XML
document tree. Thiscould, for instance, give adatabase modul e the opportunity to connect to adatabase. Thetrans-
formation engine aso informs each module when traversal of the XML document tree is finished. The database
module could now disconnect.

Before amodule isinvoked on anodeit is queried as to whether it is ready to run on the node. The module must
answer this query referring only on its own internal state.

Part of the SDK is a separately distributed manual contains further information about the XML transformer. This
manual shows how the built-in modules are used and how you can create and integrate your own modules.
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5.9.2. Variant Result Models

For each Feature and Family Model of the Configuration Space a concrete variant is calculated during the model
evaluation, called Variant Result Model. Restrictions and constraints are evaluated and removed from Variant
Result Models. Attribute value calculations are replaced by their calculated values. Corresponding to these mod-
ifications the type of the modelsis changed to signal that a model is a concrete variant (see Table 5.1, “Mapping
between input and Variant Result Model types’).

Table 5.1. Mapping between input and Variant Result Model types

Input Model Type Result Model Type
ps:fm (Feature Model) ps:cfm (Concrete Feature Model)
ps.ccfm (Family Model) ps.ccm (Concrete Family Model)
ps:vdm (Variant Description Model) ps:vdm (Variant Description Mod-
¢, identical to the input model)

The Variant Result Models and additional variant information, collected in the so-called Variant Result Model,
are the input of the pure::variants transformation. The Variant Result Model has the following structure.

<vari ant >
<cil>
<el enent idref="elenment id"/>
<noval ue idref="property id"/>
<val ue idref="property id" vid="property value id"
eid="el enent id">

</ val ue>
</cil>
<il>
<inherited eid="el enent id" pid="property id"/>
</il>
<cm consul nodel s
xm ns: cne"htt p: // ww. pur e- syst ens. coni consul / nodel " >
<cm consul nodel cmtype="ps:vdnl ...>

</ cm consul nodel >
<cm consul nodel cmtype="ps:cfn ...>

</ cm consul nodel >
<cm consul nodel cmtype="ps:ccnl ...>
</ cm consul nodel >

</ cm consul nodel s>
</vari ant >

<vari ant >
<cil>
<el enent idref="elenment id"/>
<noval ue idref="property id"/>
<val ue idref="property id" vid="property value id"
eid="el enent id">

</ val ue>
</cil>
<il>
<inherited eid="el enent id" pid="property id"/>
<[il>
<cm consul nodel s

xm ns: cne"htt p: // ww. pur e- syst ens. coni consul / nodel " >
<cm consul nodel cmtype="ps:vdnl ...>
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</ cm consul nodel >
<cm consul nodel cmtype="ps:cfni' ...>

</ cm consul nodel >

</ cm consul nodel s>
</vari ant >

Theci| subtree of this XML structure lists the concrete elements and property values of al concrete modelsin
the variant. Thei | subtree contains a list of all inherited element attributes in all models of the variant. Finally
the VDM and all Variant Result Models are part of the cm consul nodel s subtree.

This XML structure is used as input for the transformation engine as described above. pure::variants provides a
certain set of XSLT extension functions (see Table 9.17, “Extension functions providing model information”) to
simplify the navigation and evaluation of this XML structurein an XSLT transformation.

Tip

A copy of this XML structure can be saved using the " Save Result to File" button that is shown in the tool
bar of a variant description model. In an XSLT transformation, access to the unmodified input models
of the transformation can be gained using the pure::variants XSLT extension function nodel s() (see
Table 9.17, “Extension functions providing model information”).
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Chapter 6. Tasks

6.1. Evaluating Variant Descriptions

In pure;:variants a variant description, i.e. the selection of features in a VDM, can be evaluated and verified
using the Model Evaluation. See Section 5.8, “Variant Description Evaluation” for a detailed description of the
evaluation process.

A variant description is evaluated by opening the corresponding VDM in the VDM Editor and clicking on button

3" in the Eclipse tool bar. Detected selection problems are shown as problem markers on the right side of the editor
window and in the Problems View. On the |eft side of the editor window only those markers are shown that point
to problems in the currently visible part of the model. Clicking on these markers may open a list with fixes for
the corresponding problem.

Figure6.1. VDM Editor with Outline, Result, Problems, and Attributes View
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Automatic evauation of the variant description is enabled by pressing button “ inthe Eclipse toolbar. This will
cause an evaluation of the element selection each time it is changed.

If the variant description is valid, then the result of the evaluation are the concrete variants of the models in
the Configuration Space shown in the Result View (see Section 7.4.8, “Result View"). The concrete variants of

the models are collected in the Variant Result Model, that can be saved to an XML file using the button 2.
Saved Variant Result M odel s can be opened with the VRM Editor. See Section 5.9.2, “Variant Result Models” for
more information about Variant Result Models, and Section 7.3.5, “Variant Result Model Editor” for a detailed
description of the VRM Editor.

6.1.1. Configuring the Evaluation

The model evaluation is configured on the Model Evaluation tab of the Variant Management->Model Handling
preferences page (menu Window-> Preferences, see Figure 6.2, “Model Evaluation Preferences Page”).
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Figure 6.2. Model Evaluation Preferences Page
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When the "Evaluate Model" button is clicked in the VDM Editor, the current feature selection is analysed to
find and optionally resolve conflicting selections, unresolved dependencies, and open aternatives. Additionally
the implicitly selected and mapped features are computed. For this analysis a timeout can be set. It defaults to
two minutes which should be long enough even for big configuration spaces. The timeout can be disabled by
unchecking the "Timeout for checking a feature selection” check box.

Finding mapped features is an iterative process. Mapped features can cause other features to be mapped and thus
included into the selection. The default maximal number of iterations is 32. Depending on the complexity of the
dependencies between the mapped features it may be necessary to increase this value. In this case pure;:variants
will show adialog saying that the maximal number of iterations was reached. The iterations limit can be disabled
by unchecking the "Limited feature mapping iterations" check box.

If the automatic model evaluation is enabled, changing the current feature selection in the VDM Editor causes
an automatic evaluation of the Configuration Space. The evaluation processis not started immediately but after a
short delay. The default is 500 milliseconds. With the "Restart model evaluation after mouse move" switch it is
configured whether the timer for the evaluation delay isreset if the user moves the mouse.

It is possible to define alist of element attributes that are ignored during the model evaluation.

Note

For listed attributes it is not possible to access them in restrictions and calculations during the model
evaluation process. These attributes al so do not become part of the Variant Result Modél, i.e. the concrete
models of the variant.

The default list of ignored attributes contains the administrative attributes ps: Source, ps:Changed, ps:ChangedBy,
and ps:Created.

6.1.2. Default Element Selection State

For each element in Feature and Family Models a default selection state may be defined. An element with the
default selection state "selected" is selected implicitly if the parent element is selected. To deselect this element
either the parent has to be deselected or the element itself has to be excluded by the user or the auto resolver.
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Normally Family Model elements and mandatory features are created with the "selected” selection state. All other
Feature Model elements are created with the "undefined” selection state.

6.1.3. Automatic Selection Problem Resolving

If afeature selection is evaluated to be invalid, selection problems may be occurred. Such selection problems are
for instance failed constraints or restrictions. Certain selection problems are eligible to be resolved automatically,
e.g. anot yet selected feature that is required by arelation can be selected automatically. pure::variants provides
two levels of auto resolving, i.e. basic and extended auto resolving.

The pure::variants basic auto resolver component provides resolving failed relations and feature selection ranges.
Auto resolving of failed relations is for instance the automatic selection of required features. Auto resolving of
failed feature selection ranges is for instance the automatic selection of a feature of a group of features where at
least one has to be selected.

The pure::variants extended auto resolver component additionally provides resolving failed restrictions and con-
straints. For instance, if only afeature A is selected and there exists a constraint "A requires B" then feature B
becomes automatically selected if the extended auto resolver is enabled.

Note

The auto resolver does not change the selection state of user selected or excluded features.

Auto resolving for aVDM isenabled by clicking button & in the tool bar. In Figure 6.3, “ Automatically Resolved
Feature Selections’ a selection was auto resolved. The feature ABS was automatically selected due to the Requires
relation on the user selected feature ESP. The feature Electric was automatically selected because it is the default
feature of the alternative feature group Electric, Electrohydraulic, Hydraulic. Theiconsfor the different selection
types are described in Section 9.4, “Element Selection Types'.

Figure 6.3. Automatically Resolved Feature Selections
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6.1.4. Configuring the Auto Resolver

The auto resolving components are configured on the Auto Resolver tab of the Variant Management->M odel
Handling preferences page (menu Window-> Preferences, see Figure 6.4, “ Auto Resolver Preferences Page”).
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Figure 6.4. Auto Resolver Preferences Page

& Preferences H=] E3
|tw:e Filker bext Model Handling =] S v
[#- General
- Ant General | Model Evaluationl] Auta Resclver
- AMTLR, Editor —Auto Resolving
- Connectivit
& i [T Auto resolve weak relations like hard relations
[-Help
[#- InstallfUpdate ™ Auto resolve ps:conflicts relations
- Java V¥ Remove auto resclved Features before auto resolving
- openérchitecturetare
[#]- Plug-in Development —Extended Auto Resalving
[#- Report Design
[ Run/Debug ¥ Enable extended auto resolving For feature models
[#- Teamn V' Enable extended auto resolving For Family models
—]- Yari k
= V?nal?t Managemen Maximal numnber of elements | 300
i Directed Graph Expol

- External Toals
- Known Servers

+- pure: variants Licens
- Wisuglization

4| | ] Restore QeFauItsl Apply |
@ [ o | concel |

Usually weak relation types like ps:recommends and ps.discourages are not considered by the auto resolver.
Checking box "Auto resolve weak relations..." causes the auto resolver to handle weak relations like hard re-
lations. In detail, ps.recommends is handled like ps.requires, i.e. select the required feature if possible. And
ps:discourages is handled like ps:conflicts, i.e. exclude conflicting features if they were automatically selected
by a ps:recommends relation.

Conflicts usually are not automatically resolved. Checking box "Auto resolve ps:.conflicts relations’ enables a
specia auto resolving for conflicts. If the conflicting feature was automatically selected due to a ps:recommends
relation, then this feature becomes automatically excluded.

To get a clean selection before evaluating a model, i.e. a selection only containing user decisions, "Remove auto
resolved features..." has to be enabled.

Theextended auto resol ver can be enabled for Feature and Family Model s separately. Depending on the complexity
of the Input Models, measured by counting the number of variation points, the extended auto resolver may exceed
the memory and time limits of the model evaluation component of pure::variants. In this case the extended auto
resolver aborts. To solve this problem following actions may be tried:

» Disable the extended auto resolver for Family Models. In most of the cases extended auto resolving is not
interesting for Family Models.

» Review the modelsand try to reduceits complexity. This can be donefor instance by flatten nested alternatives.
* Increase the model evaluation limitsin the preferences.

* Disable the extended auto resolver.

To disablethe extended auto resolver automatically if theinput models exceed a certain count of el ements, amodel

element count limit can be specified. The default is 300 elements. For models with a very low complexity this
limit can be strikingly increased.
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6.2. Reuse of Variant Descriptions

6.2.1. Hierarchical Variant Composition

pure::variants supports the hierarchical composition of variants as explained in Section 5.6, “Hierarchical Variant
Composition”. A variant hierarchy isset up by creating linksto VDMsor Configuration Spacesin aFeature Model.
Three different kinds of links are available:

» Variant Reference

A variant referenceissimply alink in aFeature Model to aconcrete VDM of another Configuration Space. The
selectionsin the linked VDM are locked and can not be changed in the resulting variant hierarchy.

* Variant Collection

A variant collection is alink in a Feature Model to another Configuration Space. The VDMs defined in this
Configuration Space are automatically linked. The selections in the linked VDMs are locked and can not be
changed in the resulting variant hierarchy.

* Variant Instance

A variant instance is alink in a Feature Model to another Configuration Space. In aVDM of a Configuration
Space with this Feature Model as input, it is possible to create concrete Instances below the variant instance
link, which just means to construct anew linked VDM with an empty and free editable selection for the linked
Configuration Space.

While Feature Modelsfrom alinked Configuration Space are directly linked below the link elements of the parent
Feature Model, the Family Models from the linked Configuration Space are linked into the first Family Model
of a corresponding Configuration Space, flat below the special element LINKED _FAMILY_MODELSthat is au-
tomatically created.

Note

Intentionally there is no restriction towards linking VDMs and Configuration Spaces recursively. Thus
it is possible for exampleto link a VDM which itself links other VDMs or whole Configuration Spaces.

To create alink to a Configuration Space or VDM below an element of a Feature Model select that element, click
right and select the wanted kind of link from the context menu (one of Variant Reference, Variant Collection or
Variant Instance). This opens awizard that allows to select the Configruation Space or VDM to link. In case of a
variant collection link additionally the variation type of the link element has to be specified. The actual linking of
VDMsand Configuration Spacesis not performed directly in the Feature and Family Models containing the links.
It is performed when opening the VDMs of a corresponding Configuration Space.

If avariant instance link is created, then the VDM Editor provides two additional actions in the context menu
on the corresponding link elements, i.e. New->Instance and Remove Instance. These actions allow to create and
remove the concrete instances, i.e. VDMs, of the linked Configuration Space.

Relations between the variants of a variant hierarchy can be expressed using restrictions and constraints. See
Section 9.8.9, “Name and | D References’ and Section 9.7.1, “ Element References’ for details on how to reference
elements from specific variants.

Unique Names and IDs in linked Variants

To distinguish multiple instances of the same variant in avariant hierarchy, all IDs and the element unique names
in the models of each linked variant are changed according to the position of the variant in the hierarchy. Element
unique names are prefixed with the unique name of the corresponding link element in the parent variant, separated
by acolon (":"). If the parent variant is not the top of the variant hierarchy, then the unique names of its elements
also are prefixed this way. Figure 6.5, “Unique Names in a Variant Hierarchy” and shows a hierarchy of three
variants and how the unique names are prefixed in each variant.
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Figure 6.5. Unique Namesin a Variant Hierarchy
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The unique IDs are prefixed in the same way except that the unique ID of the link elementsis used as prefix.

Example Variant Hierarchy

Figure Figure 6.6, “ Example Variant Hierarchy” shows how asimple houseis modeled using Hierarchical Variant
Composition. The VDM houseistop-level and containsaVariant Instance Link named rooms. The house contains
a kitchen, a kids room, a living room and a bedroom. The figure shows the kids room and the kitchen. These
rooms are linked VDMs with the name room. This name is prefixed with the name of the corresponding Variant
Instance Link element, i.e. Kids_Room:Rooms. This ensures uniqueness of the element unique names. Same rule
is applied to the element 1Ds. The room VDM aso contains a Variant Instance Link with name doors. It refers
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to the doors Configuration Space, visible on the left. For the kids room two doors are available, i.e. Back_Entry
and Front_Entry. Note the exclusions in this model. For the concrete house the kitchen is excluded, and for the
kids room the back door is also excluded. The exclusion causesthe Model Evaluator not to propagate sel ections of
elements that are below the excluded element. Thus the selection is valid although for example kitchen: Doors or
Front_Entry:Material are explicitly selected. Warnings are shown to give the user ahint for thisfact, e.g. Excluded
'kitchen' overwrites selection of kitchen: Room.

Figure 6.6. Example Variant Hierarchy
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6.2.2. Inheritance of Variant

Descriptions

pure::variants supports sharing common feature sel ections/exclusions between several variant descriptions. This
allowsusersto definethe modelsfor each VDM from which selections are to beinherited. Changesin theinherited
model selection will be propagated automatically to all inheriting models. Inheritance is possible across Configu-
ration Spaces and projects. See Section 5.7, “Inheritance of Variant Descriptions’ for details.

The VDM inheritance hierarchy can be configured on the Inheritance Page of the Model Properties. See Sec-
tion 7.5.3, “Inheritance Page” for a detailed description of this page.




Load a Variant Description

6.2.3. Load a Variant Description

It is possible to load the feature selection from another VDM into the currently edited VDM. Right-click in the
VDM Editor window and choose L oad Selection from VDM from the context menu. This opensthe dialog shown
in Figure 6.7, “Load Selection Dialog”.

Figure6.7. Load Selection Dialog
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In this dialog the VDM from which to load the selection has to be selected. All selections in the currently edited
VDM are overwritten with the selections from the loaded VDM.

6.3. Transforming Variants

pure::variants supports user-defined generation of product variants, described by Variant Description Models, us-
ing an XML -based transformation component. See Section 5.9, “Variant Transformation” for a detailed informa-
tion about the transformation process.

A VDM istransformed by opening it in the VDM Editor and clicking on button €= in the Eclipse toolbar. If more
than one transformation is defined in a Configuration Space then this button can be used to open thelist of defined
transformations and to choose one. Additionally this button allowsto open the Transformation Configuration Page
of the corresponding Configuration Space to add, remove, or modify transformations.

Figure 6.8. Multiple Transform Button
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6.3.1. Setting up a Transformation

The transformation must initially be set up for a specific Configuration Space. Therefore the Configuration Space
properties have to be opened from the Variant Projects view by choosing Properties from the context menu of
the corresponding Configuration Space.

The editor is divided into three separate pages, i.e. the Model List page, the Input-Output page, and the Trans-
formation Configuration page.




Setting up a Transformation

Model List Page

This page is used to specify the list of modelsto be used in the Configuration Space. At least one model must be
selected. By default, only modelsthat are located in a Configuration Space's project are shown.

Figure 6.9. Configuration Space properties. M odel Selection
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In the second column ("R") of the models list the rank of a model in this Configuration Space is specified. The
model rank is a positive integer that is used to control the model evaluation order. Models are evaluated from
higher to lower ranksi.e. all models with rank 1 (highest) are evaluated before any model with rank 2 or lower.

The third column enables the user to select the variation type of a pure::variant model. Two variation types are
available mandatory and optional. An optional model can be deselected in a variant, mandatory models are
always part of the variant.

The next column ("Default") can be used to specify whether a optional model is default selected in the variants or
not. This semantic is ether equal to the default selected state of pure::variants model elements.

Clicking right in the models list opens a context menu providing operations for changing the model selection, i.e.
Select all, Deselect all, and Negate selection.

Input-Output Page

This page is used to specify certain input and output options to be used in model transformations. The page can
be left unchanged for projects with no transformations.

Figure 6.10. Configuration Space properties: Transformation input/output paths
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The input path is the directory where the input files for the transformation are located. The output path specifies
the directory where to store the transformation results. The module base path is used when looking up module pa-
rameters specifying relative paths. All path definitions may use the following variables. The variables are resolved
by the transformation framework before the actual transformation is started. To see which variables are available
for path resolution in transformations refer to Section 9.10, “ Predefined Variables”

The Clear transformation output directory check box controls whether pure::variants removes al filesand direc-
tories in the Output path before a transformation is started. The Ask for confirmation before clearing check box
controls whether the user is asked for confirmation before this clearing takes place. The remaining check boxes
work in a similar manner and control what happens if the Output path does not exist when a transformation is
started.

The Recover time stamp... option instructs the transformation framework to recover the time stamp values for
output fileswhose contents has not been changed during the current transformation. |.e. even if the output directory
iscleared beforetransformation, anewly generated or copied file with the same contentsretainsits old time stamp.
Enable this option if you use tools like make which use the files time stamp to decide if a certain file changed.

The "Save the variant..." option instructs the transformation framework to save the Variant Result Model to the
given location. The Variant Result Model is the input of the transformation framework containing the concrete
variants of the models in the Configuration Space.

The option "Automatically save the variant result model when variant is saved” doesinstruct pure::variantsto save
the Variant Result Model each time the corresponding Variant Description Model is saved.

Transformation Configuration Page

This page is used to define the model transformation to be performed for the Configuration Space. The transfor-
mation configuration is stored in an XML file. If the file has been created by using the wizardsin pure::variantsit
will be named moduleconfig.xml and will be placed inside the Configuration Space. However, there is no restric-
tion on where to place the configuration file, it may be shared with other Configuration Spacesin the same project
or in other projects, and even with Configuration Spaces in different workspaces.

Figure 6.11. Configuration Space properties: Transformation Configuration
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The Transformation Configuration Page allows to define afree number of Transformation Configurations which
all will be available for the Configuration Space. The lower left part of the Transformation Configuration Page
allows to create, duplicate, delete and move Module Configuration entries up and down. After pressing the left
most button Add a Module Configuration anew entry isadded immediatel y whose name can be changed as desired.
If acomplex Module Configuration is created it might be useful to create a copy of it and edit it afterwards. Use
the button right to the add button Copy selected Module Configuration for this task. Following buttons allow to
delete and move a Module Configuration.

When a Transformation Configuration is selected on the | eft side, it can be edited with the lower right part of the
Transformation Configuration Page. A Module Configuration consists of alist of configured modules. Since many
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modul es have dependencies on other modules they must be executed in a specific order. The order of execution of
the transformation modules is specified by the order in the Configured Modules list and by the kind of modules.
This order in the list can be changed using the Up and Down buttons.

If the "Ignore transformation module errors" button on the bottom of the right page is checked, errors reported
by transformation modules do not cause the current transformation to be aborted. Use this option with caution, it
may lead to invalid transformation results.

The buttons on the right side allow transformation modules to be added to or removed from the configuration,

and to be edited. When adding or editing a transformation module awizard helps to enter or change the module's
configuration.

Figure 6.12. Transfor mation module selection dialog
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In the transformation modul e selection dialog a name has to be entered for the chosen transformation module. The
module parameters are configured in the "M odule Parameters' dialog opened when clicking on button Next.

Figure 6.13. Transformation module parameters
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A transformation module can have mandatory and optional parameters. A module can not be added to the list
of configured modules as long as there are mandatory parameters without a value. Module parameters have a
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name and a type. If there are values defined for a parameter, a list can be opened to choose a value from (see
Figure 6.13, “ Transformation module parameters’). If a default value is defined for a parameter, then this value
isshown asits value if no other value was entered. Some modules accept additional parameters that can be added
and removed using the Add and Remove buttons. Additional parameters are aways optional and can have any
name, type, and value.

The Include and Exclude input fields are used to specify the nodes of the transformation input document on
which the module is executed during the transformation. Therefor the Include field contains an X Path expression
describing the set of nodes on which the transformation module is to be bound. The Exclude field contains an
XPath expression describing the set of nodes on which the transformation module is not to be bound. During the
transformation the module is executed on each of the nodes described by the Include expression and not included
in the set of nodes described by the Exclude expression. The structure of the transformation input document is
explained in Section 5.9.2, “Variant Result Models’.

For aspecial Module Configurationitisal so possibleto specify specia Input and Output paths, which overwritethe
settings from Configuration Space. The Input and Output paths can be edited when sel ecting the Input-Output tab
as shown in Figure 4.4, “ Transformation configuration in Configuration Space Properties’. Layout and behavior
areidentical to the Input-Output Page of the Configuration Space Properties Dialog with the exception that Module
base path and the Savethevariant result model to fieldsare not available. The use of M odule Configuration specific
Input and Output paths can be enabled with the check button Use configuration specific input-output settings.

Please see Section 5.9, “Variant Transformation” for more information on model transformation.

6.3.2. Standard Transformation

The standard transformation is suitable for many projects, such as those with mostly file-related actions for creat-
ing a product variant. Thistransformation al so includes some special support for C/C++-related variability mech-
anisms like preprocessor directives and creation of other C/C++ language constructs.

The standard transformation is based on a type model describing the available element types for Family Models
(see Figure 6.14, “The Standard Transformation Type Model”).
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Figure 6.14. The Standard Transformation Type Model
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The standard transformation supportsarich set of part and source elementsfor file-oriented variant generation. For
each source and part element type aspecific transformation action is defined in the standard transformation. Source
elements can be combined with any part element (and also with part types which are not from the set of standard
transformation part types) unless otherwise noted. For adetail ed description of the standard transformation rel evant
source element types see Section 9.5, “Predefined Source Element Types’.

The supported part element types are intended to capture the typical logical structure of procedural (ps:function,
ps: functionimpl) and object-oriented programs (ps:class, ps: object, ps. method, ps:operator, ps:classalias). Some
genera purposetypeslike ps.project, ps:link, ps.aspect, ps.flag, ps:variable, ps:value or ps.feature are also avail-
able. For a detailed description of the standard transformation relevant part element types see Section 9.6, “Pre-
defined Part Element Types’.

Setting up the Standard Transformation

The transformation configuration for the standard transformation is either set up when a Configuration Space is
created using the wizard, or can be set up by hand using the following instructions:

» Open the Transformation Configuration page in the Configuration Space properties.

» Add the module Standard transfor mation using the Add button. Name it for instance " Generate Standard Trans-
formation Actionlist".

* Add an "Actionlist" module. Leave the include pattern as /variant and all other parameters empty. Name it
for instance Execute Actionlist. Usually there should be only one "Actionlist" module for an include pattern,
otherwise the action list gets executed twice.
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Providing Values for Part Elements

Some of the part element types have a mandatory attribute val ue. The value of this attribute is used by child
source elements of the part, for example to determine the value of a C preprocessor #def i ne generated by a
ps: flagfile source element. Unless noted otherwise any part element with an attribute val ue can be combined with
any source element using an attribute val ue. For example, it is possible to use a ps: value part with ps:flagfile and
ps: makefile source elements to generate the same value into both a makefile (as Makefile variable) and a header
file (as preprocessor #def i ne).

Calculation of the value of aps: f1ag Or ps: vari abl e part element is based on the value of attribute val ue. The
value may be a constant or calculation. There may be more than one attribute val ue defined on a part with maybe
more than one value guarded by restrictions. The attributes and its values are evaluated in the order in which they
are listed in the Attributes page of the element's Properties dialog. The first attribute resp. attribute value with a
valid restriction that evaluates to true or without arestriction is used.

Figure 6.15, “Multiple attribute definitions for Value calculation” shows typical val ue attribute definitions. The
value 1 isrestricted and only set under certain conditions. Otherwise the unrestricted value 0 is used.

Figure 6.15. Multiple attribute definitions for Value calculation
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Modify Files using Regular Expressions

Text based files can be modified during the transformation using a search and replace operation based on regu-
lar expressions. For this purpose the file must be modelled by a source element with a type derived from type
ps:. destfile. The regular expression to modify thefileis provided in the attribute regex: pattern that has to be added
to the source element. This attribute can have several values, each containing aregular expression, that are applied
to thefile in the order they are given.
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Figure 6.16. Sample Project using Regular Expressions
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Regular Expression Syntax

The syntax of the regular expressionsis sed based:

s/ pattern/repl acenent/fl ags

Prefix s indicates to substitute the replacement string for strings in the file that match the pattern. Any character
other than backslash or newline can be used instead of a slash to delimit the pattern and the replacement. Within
the pattern and the replacement, the pattern delimiter itself can be used as a literal character if it is preceded by
abackslash.

An ampersand ( '&') appearing in the replacement is replaced by the string matching the pattern. This can be
suppressed by preceding it by abackslash. The characters"\n", where nisadigit, are replaced by the text matched
by the corresponding back reference expression. This can also be suppressed by preceding it by a backslash.
Both the pattern and the replacement can contain escape sequences, like \n' (newline) and \t' (tab).

The following flags can be specified:

n Substitute for the n-th occurrence only of the pattern found within the file.

g Globaly substitute for all non-overlapping strings matching the pattern in the file, rather than just for the first
one.

See http://www.opengroup.org/onlinepubs/000095399/utilities/sed.html for more details about the sed text re-
placement syntax.
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6.3.3. User-defined transformation scripts with JavaScript

In conjunction with the pure::variants JavaScript extension functions JavaScripts can be used to generate product
variants. No special requirements are placed on the transformation you have to perform and using the extension
functionsis quite straightforward:

* Open the transformation configuration page in the Configuration Space properties.

» Add the JavaScript Transformation module using the Add button. Name it for instance Execute JavaScript.
» The module parameters can be changed on next page.

» Enter the path to the script file you want to execute as value of the javascriptfile parameter.

« An (optional) output file can be specified using the outputfile parameter.

 PressFinish to finish set up of the JavaScript transformation.

Example:

To demonstrate how to use JavaScripts for generating a product variant, the following example will show the
generation of atext file, which contains alist of used features and some additional information about them. This
exampl e uses a user-provided JavaScript. The used JavaScript can aso be found in the Javascript Transformation
Example project.

Within the JavaScript the pure::variant extensibility options can be used. An APl documentation is part of the
pure::variants Extensibility SDK.

The example JavaScript looks like this:

/] gl obal vari abl es

var gnodel s;

/| Package definitions

var CientTransfornftatus = com ps. consul . eclipse. core.transform C i ent Tr ansf or nft at us;
var Model Constants = com ps. consul . ecli pse. core. nbdel . Mbdel Const ant s;

var Model Logi ¢ = com ps. consul . ecl i pse. cor e. Model Logi c;

/**
* This function initializes the script. G obal variables are set and all
* necessary work is done, before transfornation can start.
*/
function init(vdm nodels, variables, paranmeter) {
[/ initialize global variables - we only use the nodels here
gnodel s = nodel s;
// if no error occurred return OK status
return Cient TransfornBt at us. STATUS_CK;

}

/**
* Function work() actually does the transformati on work.
*/
function work() {
try {
var i ndex;
/literator over all nodels
for (index in gnodels) {
var nodel = gnodel s[index];
// we only want to process Feature Models
if (nodel . get Type(). equal s(Mdel Constants. CFM TYPE) == true) {
var rootid = nodel . get El enent sRoot | () ;
pri nt Feat ur es(nodel . get El ement Wt hl D(rootid));

}

}
} catch (e) {

/1 1f sonething went wrong, catch error and return error status with specific error
nmessage.
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return new dientTransfornStatus(Cd ientTransforntt at us. ERROR, e. get Message());
}
I/l if no error occurred return OK status
return Cient Transforntt at us. STATUS_CK;

}

function printFeatures(el enent) {
/] add infornation to output file
out.println("Visible Nane: " + el enent. get VNane());
out.println("Unique Nane: " + el ement. get Nane()+"\n");
out.println("Description:\n");

/**

* Because the description of a feature is stored in HTM. in this nodel, and

* we don't want to see the HTM. tags in our output file, we are doing some formating here.
*/

out.println(el enent.getDesc(null, "text/htm"));

(o TV L o I 1 B o (R e \n");

/1 get Children of current el enent from Model Logic
var iter = Model Logic. get OrderedChildren(el enent).iterator();
while (iter.hasNext()) {
print Features(iter.next());
}
}

/**
* Function done() does necessary work after the transformation. Nothing to do in this
exanpl e.
*/
function done() {
I/l if no error occurred return OK status
return Cient Transforntt at us. STATUS_CK;
}

The script consists of three main functions. These three functions will be called by the transformation module.
All three have to be used.

* init()
Necessary work isdone here, before transformation starts, likeinitializing the script. Gets necessary information
from transformation module, like the used variant model, the used models in this variant, some variables and
the transformation parameters.

» work()
Does the whole transformation work.

 done()

After transformation is finished, this function is called, to provide possibility to do some work after transfor-
mation.

If the transformation parameter outputfile was used, the variable out can be used to write directly to the givenfile.
Otherwise the variable out writes to the Java standard output.

6.3.4. User-defined transformation scripts with XSLT

A highly flexible way of generating product variantsisto use XSLT in conjunction with the pure::variants XSLT
extension functions. No special requirements are placed on the transformation you have to perform and using the
extension functionsis quite straightforward:

» Open the transformation configuration page in the Configuration Space properties.

» Addthe XS_T script execution module using the Add button. Name it for instance Execute XSLT script.
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» Change the module parameters page by pressing Next and enter the name of the XSLT script file you want to
execute as value of the in parameter.

» An (optional) output file can be specified using the out parameter.

» PressFinish to close the transformation configuration page and start the transformation.

Example: Conditional Document Parts

To demonstrate how to use XSLT to generate a product variant, the following example will show the generation
of amanual in HTML format with different content for different target groups (users, developers). This example
uses the standard transformation and a user-provided XSL T script implementing alite version of the ps: condxml
source element functionality. The basic idea is to represent the manual in XML and then to use an XSLT script
to generate the HTML representation. Attributes on the nodes of the XML document are used to discriminate
between content for different target groups.

The example XML document looks like this:

<?xm version="1.0" encodi ng="UTF- 8" ?>
<docunent >
<title condition="pv: hasFeature('devel oper')">
<par >Devel oper Manual </ par >
</title>
<title condition="pv: hasFeature('user')">
<par >User Manual </ par >
</title>
<ver si on>
pv: get Attri buteVal ue(' build',"'ps:conmponent', ' version')
</ ver si on>
<section name="Introduction">
<par >Sone text about the product...</par>
</ section>
<section name="I|nstal |l ati on">
<subsection nanme="Runti me Environment">
<par >Sone text about installing
the runtime environnent...</par>
</ subsecti on>
<subsecti on nane="SDK"
condi ti on="not (pv: hasFeature('user'))">

<par >Sone text about installing
the software devel opnent kit...</par>
</ subsecti on>
</ section>
<section nane="Usage">
<par >Sone text about using the product...</par>
</ section>
<secti on nanme="Extensi on APl "
condi ti on="pv: hasFeat ure(' devel oper')">
<par >Sone text about extending the product...</par>
</ section>
</ docunent >

Themanual hasatitle, aversion, sections, subsections, and paragraphs. Thetitle and the presence of some sections
and subsections are conditional on thetarget group. Theattribute condi t i on has been added to the dependent parts
of the document to decide which part(s) of the document are to be included. These conditions test the presence
of certain features in the product variant. Figure 6.17, “Variant project describing the manual” shows the corre-
sponding Feature and Family Models in a variant project using the standard transformation.
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Figure6.17. Variant project describing the manual
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The Feature Model describes the different target groups that the manual's content depends on. The Family Model
describes how to build the HTML document, i.e. which XSLT script is to be used to transform which XML
document into HTML. For this purpose the standard transformation source element ps:transform has been used
(see Section 9.5, “ Predefined Source Element Types’). This source element refersto the XSLT script bui | d. xsl
shown below:

<?xm version="1.0" encodi ng="UTF- 8" ?>

<xsl : styl esheet version="1.0"
xm ns: xsl ="http://ww. w3. or g/ 1999/ XSL/ Tr ansf or ni'
xm ns: pv="http://wwmw. pur e-syst ens. coni pur evari ant s"
xm ns: cne"htt p: // ww. pur e- syst ens. coni consul / model "
xm ns: dyn="http://exslt.org/dynam c"
ext ensi on- el ement - prefi xes="pv dyn">

<l-- generate text -->
<xsl : out put method="htm "/ >

<!-- match docunment root node -->
<xsl : tenpl at e mat ch="docunent ">
<ht m >
<title></title>
<body>
<xsl : appl y-tenpl at es node="body"/ >
</ body>
</htm >

</ xsl : t enpl at e>

<l-- match title -->
<xsl:tenplate match="title" node="body">
<xsl:if test="not(@ondition) or dyn:eval uate(@ondition)">
<hl><xsl : appl y-tenpl at es node="body"/></h1>
</xsl:if>
</ xsl : t enpl at e>

<l-- match version -->
<xsl:tenpl ate match="versi on" node="body" >
<p><b><xsl : val ue- of
sel ect ="concat (' Version:', dyn: eval uate(.))"/></b>
</ p>
</ xsl : t enpl at e>

<!-- match section -->
<xsl:tenpl ate match="secti on" node="body" >
<xsl:if test="not(@ondition) or dyn:eval uate(@ondition)">
<h2><xsl : val ue- of sel ect =" @ane"/ ></ h2>
<xsl : appl y-tenpl at es node="body"/ >
</xsl:if>
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</ xsl : t enpl at e>

<l-- match subsection -->
<xsl :tenpl at e mat ch="subsecti on" node="body" >
<xsl:if test="not(@ondition) or dyn:eval uate(@ondition)">
<h4><xsl : val ue- of sel ect =" @ane"/ ></ h4>
<xsl : appl y-tenpl at es node="body"/ >
</xsl:if>
</ xsl : t enpl at e>

<!-- match paragraphs -->
<xsl :tenpl ate match="par" node="body">
<p><xsl : val ue- of select="."/></p>

</ xsl : t enpl at e>
</ xsl : styl esheet >

The script takes XML as input and produces HTML as output. It has several transformation parts, one for every
manual element, where the condition attributes are dynamically evaluated. Note that these condition attributes are
expected to be valid XPath expressions. In the XML description of the manual these expressions contain calls
to the pure::variants XSLT extension function hasFeat ure(), this expects the unique name of a feature as an
argument and returns true if this feature isin the product variant (see Table 9.17, “ Extension functions providing
model information”). If a node of the XML document has such a condition and this condition fails, the node and
all of its child nodes are ignored and are not transformed into HTML. For example, if a<sect i on> node has the
condition hasFeat ure(* user') and the feature user is not selected in the product variant, then this section and
all its subsections will be ignored.

In the XML description of the manual a second pure::variants XSLT extension function iscalled, get At t ri but e\
val ue() . Thisfunctionisused to get the manual version from the Family Model. It reads the value of thever si on
attribute of the component bui | d and returns it as string.

Figure 6.18, “The manual for users and developers’ shows the two variants of the manual (HTML) generated
selecting target group user and then developer.
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Figure 6.18. The manual for usersand developers
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6.3.5. Transformation of Hierarchical Variants

When a transformation of a hierarchical variant is performed then a single transformation is performed for each
variant in the hierarchy. Only those transformations of linked variants are executed that have the name "Default”
or the name of the top-level variant transformation (if not "Default").

The order of the transformationsistop-down, i.e. first the top-level variant istransformed, then the variants below
the top-level variant, and so on. Each single transformation is performed on the whole Variant Result Model,
stating two lists of model elements, i.e. the transformation Entry-Points list and the transformation Exit-Points
list. These lists describe the section of the Variant Result Model that represents the variant to transform. Some
transformation modules may not support these lists and always work on the whole Variant Result Model.

There is a specia variable $( VAR ANTSPATH) that should be used in a transformation of hierarchical variants to
specify the transformation output directory. This variable contains the name of the currently transformed variant
(VDM) prefixed by the names of its parent variants (V DMs) according to the variant hierarchy. The variant names
are separated by aslash ("/"). Using this variable makesit possible to build a directory hierarchy corresponding to
the variant hierarchy. This may also avoid that the results of the transformation of one variant are overwritten by
the results of the transformation of another variant. See Section 9.10, “ Predefined Variables’ for moreinformation
on the use and availability of variables.

Transformations of linked variants have to handle the prefixed unique names and | Ds in the models of the variant
(see the section called “ Unique Names and IDsin linked Variants”). Especially XSLT and Conditional Text resp.
Conditional XML transformations have to reference elements with their full, i.e. prefixed, name. If for instance
the condition in afile transformed with Conditional Text is"pv:hasFeature('Foo’)" then this condition always will
fail if evaluated in the context of alinked variant. The correct condition would be "pv:hasFeature('Link1:Foo')",
if linked below the link element with unique name "Link1".
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6.3.6. Reusing existing Transformation

Thetransformation module Reuse Transfromation providesthe possibility to reuse already existing transformation
configurations. These existing configurations can be run with the first vdm, the last vdm or with each vdm of a
configspace or vdm selection.

The Reuse Transformation module has two mandatory parameter.

The first parameter Triggered by defines for which vdm of the current transformation the reused transformation
configuration istriggered. Thethreealowed valuesFirst VDM, Each VDM and Last VDM are provided in acombo
box. Each VDM is the defaullt.

The second parameter Transformation defines the name of the transformation configuration, which will be trig-
gered by this module.

The configuration space settings are inherited as follows:

Table 6.1. Configuration Space Settings

Input Directory Used from the Reuse Transformation configura-
tion, if defined. From Configuration Space otherwise.

Output Directory Used from the Reuse Transformation configura-
tion, if defined. From Configuration Space otherwise.

Create Out- Used from the Reuse Transformation configura-
put Directory tion, if defined. From Configuration Space otherwise.

Cleanup Out- Used from the Reuse Transformation configura-
put Directory tion, if defined. From Configuration Space otherwise.

Create Out- Used from the Reuse Transformation configura-
put Directory tion, if defined. From Configuration Space otherwise.

Confirm Create Used from the Reuse Transformation configura-
Output Directory tion, if defined. From Configuration Space otherwise.

Confirm Cleanup
Output Directory

Used from the Reuse Transformation configura-
tion, if defined. From Configuration Space otherwise.

Recover Timestamps

Used from the Reuse Transformation configura-
tion, if defined. From Configuration Space otherwise.

Force Trans- Always true, because decision was made by us-
formation er before running Reuse Transformation already.
Save Variant Always fal se, because cannot be defined in transforma-
Result Model tion configurations. It is configuration space settings only.
Ignore Transfor- Used from the Reuse Transformation configuration.

mation Errors

6.3.7. Ant Build Transformation Module

The transformation module Ant Build Module provides the possibility to call an Ant build during the transforma-
tion. The module has two parameter.

Thefirst parameter Build File defines the location of the Ant build file.

The second parameter Target defines the target for the build. If no target is given the default target of the Ant
build file will be used.

6.4. Validating Models

In the context of pure::variants, Model Validation is the process of checking the validity of feature, family, and
variant description models. Two kinds of model validation are supported, i.e. validating the XML structure of
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models using a corresponding XML Schema and performing a configurable set of checks using the model check
framework.

6.4.1. XML Schema Model Validation

This model validation uses an XML Schemato check if the XML structure of a pure::variants model is correct.
Thisis pure syntax check, no further analyses of the model are performed.

The XML Schema model validation is disabled per default. It can be enabled selecting option "Validate XML

structure of models..." on the Variant Management->Model Handling preferences page (menu Window-> Prefer -
ences). If enabled all pure::variants models are validated when opened.

Note
Invalid models will not be opened correctly if the XML Schemamodel validation is enabled.

For more information about XML Schema see the W3C XML Schema Documentation.

6.4.2. Model Check Framework

Themodel check framework allowsthe validation of modelsusing aconfigurable and extensible set of rules(called
"model checks'). There are no restrictions on the complexity of model checks.

Configuring the Framework
The model check framework is configured on the Variant Management->M odel Validation preference page

(menu Window->Pr eferences). On the Check Configurations tab the model check configurations can be man-
aged and activated (see Figure 6.19, “Model Validation Preferences Page”).

Figure 6.19. Modedl Validation Preferences Page
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The two default configurations "All Model Checks' and "All Element Checks' are always available. "All Model
Checks" contains all model checks that perform whole model analyses. Compared with "All Element Checks"
containing all checks that perform analyses on element level. The configuration "All Element Checks' is enabled
per default if the pure::variants perspective is opened the first time.
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A model check configuration is activated by selecting it in the Available Configurations list. If more than one
configuration is selected, the checks from all selected configurations are merged into one set that becomes acti-
vated.

The checks contained in a configuration are shown in the Selected Configuration list by clicking on the name of
the configuration. The checks are listed by its names followed by the list of model types supported by a check.

Additionally the icon =¥ reveals if the check is enabled for automatic model validation (see the section called
“Performing Model Checks'). A brief description of a check is shown by moving the mouse pointer over the
check name.

All but the two default configurations "All Model Checks' and "All Element Checks' can be deleted by clicking
first on the name of the configuration and then on button Delete.

A new configuration can be created by clicking on button New. This will open the New Check Configuration
dialog as shown in Figure 6.20, “New Check Configuration Dialog”.

Figure 6.20. New Check Configuration Dialog
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For a new check configuration a unique name for the configuration has to be entered. The available checks are
shown in the Available Checkstree and can be selected for the new configuration by clicking on the check boxes
of the checks. Clicking on the root of a sub-tree selects/deselects all checks of this sub-tree.

Detailed information about a check are displayed in the Check Details area of the dialog if the name of acheck is
selected. The Model Types field shows the list of model types for which the corresponding check is applicable.
The Description field shows the description of the check.

The same dialog appears for editing and copying check configurations using the Edit and Copy buttons. Only
non-default configurations can be edited.

And with the "Enable check for..." button (or clicking on theicon £* of a check)
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Automatic Model Validation

On the Automatic Validation tab it can be configured which checks are allowed to be performed automatically
(see Figure 6.21, “ Automatic Model Validation Preferences Page”). If the automatic model validation is enabled,
after every change on the model those checks are performed from the active check configurationsthat are enabled
for automatic model validation.

Figure 6.21. Automatic Model Validation Preferences Page
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The Available Checkstree showsall known checksindependently from the selected check configuration. Clicking
on the check box of a check toggles the automatic validation state of the corresponding check. Clicking on the
root of a sub-treetogglesall checks of this sub-tree.

A description of the check is shown by moving the mouse pointer over the check name.

Performing Model Checks

A model can be checked using the selected model check configurations by opening the model in a corresponding

model editor and pressing button = in the tool bar. This will start a single model validation cycle. The progress
of the model validation is shown in the Progress view.
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Figure 6.22. Model Validation in Progress
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If no model check configuration is selected a dialog is opened inviting the user to choose a non-empty check
configuration. This dialog can be disabled by enabling the "Do not show again” check box of the dialog.

The button £* is used to enable automatic model checki ng, i.e. after every change on the model anew check cycle
is started automatically. In contrast to the single model validation cycle only those checks are performed from
the active check configurations that are enabled for automatic model validation. Automatic model validation is
enabled by default.

The result of a model check cycleis alist of problems found in the model. These problems are shown in the
Problems view and as markers on the model. A list of quick fixes for a problem can be shown either by choosing
"Quick Fix" from the context menu of the problem in the Problems view or by clicking on the corresponding
marker on the model. For some problems special quick fixes are provided fixing all problems of the same kind.

6.5. Refactoring Models

To simplify the editing of Feature and Family Models pure::variants provides a set of refactoring operations. They
support the user to efficiently change model objects like elements, relations, restrictions and attributes.

The refactoring operations can be accessed via the context menu of the Feature and Family Model Editors, see
Figure 6.23, “Refactoring context menu for a feature”.

Figure 6.23. Refactoring context menu for a feature
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The refactoring operations provided in the context menu depend on the selection made in the editor. For instance,
select two or more features and right-click on one of the sel ected features to open the context menu. The appearing
Refactoring menu contains for example items for changing the variation type. This operation allows to modify
the variation type for al selected features at once. Compared with the conventional way that opens the element
properties dialog for each feature, refactoring operations save a lot of time. There are numerous operations that
can be performed on model objects.

The following list summarizes the avail able refactoring operations.

Table 6.2. Refactoring Oper ations

Operation on Available Operations
Variation Type Change
Elements Element Type Change

Default-Selected State Change
Attribute Name, Type, and Vaue Change

Attributes ] ]
Inheritable and Fixed State Change
Restrictions and Constraints Restriction/Constraint Code Change
Relation Type Change
Relations P g

Relation Targets Change

6.6. Comparing Models

In pure::variantstwo model s can be compared using the M odel Compare Editor. It isbased on the Eclipse Compare.

6.6.1. General Eclipse Compare

In general, comparison of resources is divided into two different types. One is to compare two resources with
each other. Thisis called atwo-way compare. A two-way compare can only reveal differences between resources,
but can not recognize in which resource a change was performed. A two-way compare in Eclipse is obtained by
selecting two resources and then choosing Compare With->Each Other from the context menu. Other two-way
comparisons supported by Eclipse are Compare With->Revision and Compare With->Local History.

A morecomfortable compareisthe so called three-way compare. In addition it has an ancestor resourcefromwhich
is known that this is the unchanged resource. In this way it can be determined which change was performed in
which resource. Such compare editors are opened for instance for synchronizing resources with CV S repositories
which always maintain a third ancestor resource by using Compare With->Latest from Head and Compare With-
> Another Branch or Version.

The compare editor is divided into an upper and alower part. The upper part shows structural changesin a differ-
ence tree. The lower part presents two text editors located next to each other. Changes are highlighted in colored
lines or rectangles on both sides. Those bel onging to one change are connected with aline. For two-way compar-
isons the changes are always grey-colored. In three-way comparisons outgoing (local) changes are grey-colored,
incoming (remote) changes blue-colored, and changes on both sides which are conflicting are red-colored.

A resource compare can be used to view changes for two resources. In addition it provides the possibility to apply
single changes to local models. Therefor the compare editor provides a toolbar, located between the upper and
the lower part, with actions which can be used to apply changes. Copy All from Left to Right, Copy All Non-
Conflicting Changes from Right to L eft, Copy Current Change from L eft to Right, Copy Current Change
from Right to L eft, Select Next Change, Select Previous Change. Y ou can step through the changes and apply
them if the specific buttons are enabled. As stated above refer to the Eclipse Workbench User Guide for detailed
information on this.

6.6.2. Model Compare Editor

In general the Eclipse text compare editor is opened for any resource after calling the actions described in the
previous section. For pure::variants model sthe special pure::variants M odel Compare Editor isopened. Thismakes
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Conflicts

it easier to recognize changesin pure::variants models. Typical changes are for example Element Added, Attribute
Removed, Relation Target Changed.

The upper part of the editor, i.e. the structure view, displays a patch tree with a maximum depth of three. Here all
patches are grouped by their affiliation to elements. Thus Element Added and Element Removed are shown astop
level patches. All other patches are grouped into categories below their elements they belong to. Following cate-
gories exist: General, Attributes, Relations, Restrictions, Constraints and Misc. The names of the categories
indicate which patches are grouped together. Below the category Misc only patches are shown that are usually
not displayed in the models tree viewer. Asin the Eclipse text compare you can step through the patches with the
specific buttons. Each step down always expands a model patch if possible and steps into it. The labels for the
patch consist of abrief patch description, thelabel of the patched model item and a concrete visualization of the old
and the new value if it makes sense. Here is an example: Attribute Constant Changed: attrname = 'newValue' <-
oldVaue. Inthisattribute patch's label anew valueis not additionally appended, becauseit is part of the attributes

(new) label "attrname = 'newValue' ".

The lower part of the model compare editor isrealized using the usual model tree viewers also used in the model
editors. They are always expanded to ensure that all patchesarevisible. Asin the text compare editors, patches are
visualized by colorized highlighted rectangle areas or lines using the same colors. In opposite to the text compare
they are only shown if the patch is selected in the upper structure view. For two-way comparisonsit is ambiguous
which model was changed. Because of thisan additional buttonisprovided in the toolbar which allowsto exchange
two models currently opened in the model compare editor. Thisleads from aremove-patch into an add-patch, and
for a change the new and the old value are exchanged.

Themodel compare editor comparestwo model resourceson themodel abstraction layer. Hencetextual differences
may exist between two models where the model compare editor shows no changes. Thus conflicts that would be
shown in atextual compare are not shown in the model compare editor. This allows the user to apply all patches
in one direction as desired and then to override into the other direction.

6.6.3. Conflicts

In three-way comparisonsit may occur that an incoming and an outgoing patch conflict with each other. In general
the model compare editor distinguishes between fatal conflicting patches and warning conflicts. In the tree viewer
conflicts are red-colored. A fatal conflict is for example an element change on one side, while this element was
deleted on the other side. One of these patchesis strictly not executable. Usually warning conflicts can be merged,
but it is not sure that the resulting model is patched correctly. Typical misbehaviour could be that some items
are order inverted. To view which patch conflicts with which other path just move the mouse above one of the
conflicting patches in the upper structure view. This and the conflicting patch then change their background color
either to red for fatal conflicts or yellow for conflict warnings.

In general a sophisticated algorithm tries to determine conflicts between two patches. These results are very safe
hints, but 100% safety is not given. For a conflicting or non-conflicting patch it may occur that it can not be
executed. Conflict warning patches may be executed without problems and lead to a correct model change. In
genera the user can try to execute any patch. If there are problems then the user isinformed about that. If there are
problems applying anon-conflicting patch, the editor should be closed without saving and reopened. Then another
order of applying patches can solve this problem. The actions Apply All Changes ... do only apply incoming and
non-conflicting changes. Other patches must be selected and patched separately.

6.6.4. Compare Example

Figure 6.24, “Model Compare Editor” shows an example how amodel compare editor could ook like for amodel
that is synchronized with CVS. The upper part showsthe structure view with all patches visible and expanded rep-
resenting the model differences. A CV'S synchronize is always athree-way compare. There are incoming changes
(made in the remote CVS model) and outgoing (local) changes. As to see in the figure the incoming changes
have a blue left arrow as icon, while outgoing changes have a grey right-arrow as icon. Added or removed items
have a plus or a minus composed to the icon. Conflicting changes are marked with ared arrow in both directions
displayed only at the element as the patches top level change. In this example a conflict arises at the element
conflicting. In CV'S its unique name changed and a relation was added while this element was deleted locally.
Two patches show a red background because the mouse hovered above one of these patches which is not visible
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in the figure. Note that the tree viewers in the lower part show only the patches which are selected above. The

colors correspond to the patch direction.

Figure 6.24. Model Compar e Editor
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6.7. Searching in Models

6.7.1. Variant Search

Feature and Family Models can be searched using the Variant Search dialog. It supports searching for elements,

attributes, attribute values, restrictions, and constraints.

The Variant Search dialog is opened either by choosing the Search->Variant menu item, by clicking on the
Eclipse Search button and switching to the Variant Sear ch tab, or by choosing Sear ch from the context menu

of the model editor.
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Figure 6.25. The Variant Search Dialog
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The dialog is divided into the following sections.
Search String

The search string input field specifies the match pattern for the search. This pattern supports the wildcards "*"
and"?".

Wildcard Description

? match any character

*

match any sequence of characters

Case sensitive search can be enabled by checking the " Case sensitive" check box. The settingsfor previous searches
can be restored by choosing a previous search pattern from the list displayed when pressing the down arrow button
of the Search String input field.

Search Type

Inthisgroup it is specified what kind of model elementsis considered for the search.

Elements Search element names matching the pattern.
Attributes Search element attribute names matching the pattern.
Attribute Values Search element attribute values matching the pattern.
Restrictions Search restrictions matching the pattern.

Constraints Search constraints matching the pattern.

For refining the search the "Element Scope" group is activated for search type Elements and the " Attribute Scope”
group is activated for search type Attribute Values.
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Limit To

This group is used to limit the search to a specific model type. The following limitations can be made.

All Occurrences All model types are searched.
Family Models Only Family Models are searched.
Feature Models Only Feature Models are searched.

Element Scope

Thisgroup is only activated if Elements search typeis selected. Here it can be configured against which element
name the search pattern is matched.

Unique Name Match against the unique name of the element.
Visible Name Match against the visible name of the element.

At least one of the options has to be chosen.

Attribute Scope

This group is only activated if Attribute Values search type is selected. In this group the following refinements
can be made.

Calculations Match against attribute value calculations.
Constants Match against constant attribute values.

At least one has to be selected. To limit the search to values of attributes with a specific name, this name can be
inserted into the Attribute Name input field.

Scope

This group is used to limit the search to a certain set of models. The following options are available.

Workspace Searchin all variant projects of the workspace.

Selected resources Search only in the projects, folders, and files that are selected in the Variant Projects
view.

Enclosing projects Search only in the enclosing projects of selected project entries in the Variant
Projects view.

Working set Search only in projects included in the chosen working set.

For more information about working sets, please consult the Workbench User Guide provided with Eclipse (Help-
>Help Contents, section "Concepts'->"Workbench"->"Working sets").

Search Results

The results of the search are listed in the Variant Search view supporting a tree and table representation and a
search result history. For more information about the Variant Search view see Section 7.4.3, “ Search View”.

After the search isfinished blue markersare created on the right side of models containing matches. These markers
visualize the matches in the model and provide an easy way to navigate to the matched model items simply by
clicking on a marker.
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6.7.2. Quick Overview

Within amodel editor it is possibleto search using the Quick Overview. Especialy inlarge modelsit is sometimes
hard to find an element with a known name or a known part of the name. To shorten the navigation through tree
nodes or tables in model editors pure::variants provides a quick overview which you may aready know from
Eclipse as Quick Outline. If amodel editor (e.g. aFeature Model Editor) isactive then pressing the shortcut CTRL
+0 opens a small window with a sorted and filtered list of all model elements. Figure 6.26, “Quick Overview in
aFeature Model” shows an example for the quick overview.

Figure 6.26. Quick Overview in a Feature M odel
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After the quick overview popped up afilter text can be entered. Shortly after the modification of the filter text
the list of the quick overview will be updated according to the given filter. The filter can contain wildcards like
the question mark ? and the asterisk * as place holders for one arbitrary character and an arbitrary sequence of
of characters, respectively. You may also use Camel Case notation. Camel case means that between each capital
letter and the letter in front of it a* wildcard is placed internally to the filter text. For example, typing ProS as
filter text would also find elements like Protocol Satistics or Project Settings.

Finally, if the desired element is shown in the quick overview then a double-click on it lets the editor navigate
to that element. Y ou can also use the arrow keys to select the item from the list and press ENTER to get the
same effect.

Note

The quick overview presents only those model objects which the active model editor shows. For instance,
if the editor shows relations then the quick overview presents them, too. Additionally the filter set to the
editor has effect to visibility of elementsin the quick overview.

6.8. Filtering Models

Most views and editors support filtering. Depending on the type of view, thefiltered elements are either not shown
(table like views) or shown in a different style (tree views). Filters can be defined, or cleared, from the context
menu of the respective view/editor page. When the view/editor has several pages the filter is active for al pages.
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Figure 6.27. Filter definition dialog
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Arbitrarily complex filters based on comparison operations between feature/element properties (name, attribute
values, etc.) and logical expressions (and/or/not) are supported. Comparison operations include conditions like
equality and containment, regular expressions (matches) and checks for the existence of an attribute for a given
element (empty/not empty). See Section 9.11, “Regular Expressions’ for more information on regular expressions.

Filters can be named for later reuse using the Named Filter field. The drop-down box allows access to previously
defined filters. Fast accessto named filtersis provided by the Visualization view, which can be activated using the
Windows->Views->Other->Variant Management->Visualization item. See Section 7.4.2, “Visualization View”
for more information on the view.

6.9. Computing Model Metrics

All pure::variants model editors provide an extensible set of metrics for the opened models. These metrics can be
displayed by choosing Show M etrics from the context menu of amodel editor. If metrics shall be displayed only
for a sub-tree of amodel, the root of this sub-tree has to be selected before the context menu is opened.
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Figure 6.28. Metricsfor a model
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The available metrics are listed in a tree showing the name and overall results of the metrics on top level. Partial
results and detailed information provided by a metric are listed in the corresponding subtree. An explaining de-
scription of ametric is displayed in the Description field if the name of the metric is marked.

Theradio buttons at the bottom of the metricsdial og are used to switch between whole model and sel ected el ements
metric calculation. For VDMs, metricsare always cal culated for thewhole model. If aV DM hasnot been eval uated
yet, the calculated metrics may be outdated and can show incorrect values.

On the Variant Management->M etrics preferences page (menu Window->Pr eferences), the set of metrics to
apply can be configured.

6.10. Extending the Type Model

For every project aType Model can be created extending the global Type Model. Thismodel belongsto the project
and can be shared like any other pure::variants model. This is an easy and a straight forward way to contribute
own types to be used in the Feature and Family Models of the project containing the Type Model.

To create a Type Mode right-click on a project in the Variant Project View and choose New->Type Model from
the context menu. This creates a new file in the project named like the project and with extension ".typemodel".
Note that only one Type Model can be created per project. The new Type Model is opened in the Type Model
Editor. This editor also is opened by double-clicking on an existing Type Modéd file (see Figure 6.29, “Type
Model Editor Example”).

The Type Model Editor consists of two parts. The left part shows the list of types defined in the model, while the
right part provides an editing area for the type selected on the left. Additionally the left part provides a context
menu for adding and removing types of the type model.

The Type Model Editor alows to add element and attribute types. After adding an attribute type the right part
allowsto changethe Name, Base Type (that isthe typewhich thistypeis specializing), whether thistypeis Abstract
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(and thus can only be used as base type for other types), and whether this is an enumeration type only alowing
one of the listed values.

The editor providesfor element typesto change the Label, Name and the Base Type. Additionally the element type
may be set Abstract and if there shall be a generic New Wizard, which would allow to easily create an element
of that type.

For an element type attributes can be created. Those attributes present the default attributes which are defined for
aconcrete element of that type. For each attribute a Name, a Type, whether it isa Sngle Value, List or Set can be
specified. Following flags can be set for an attribute: Optional (whether this attribute is required for an element),
Fixed (whether it has a constant value or can be overridden in aVDM), Read Only (whether the user can provide
avaluefor it) and Invisible (whether it is visible to the user).

After a Type Model was created or changed, the types defined in the Type Model are immediately available for
modeling in the corresponding project.

Figure 6.29. Type Model Editor Example
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6.11. Using Multiple Languages in Models

pure::variants is able to deal with multiple languages for the visible name of elements and for al descriptions.
This allows to define Feature and Family Models in more than one language.

The default language for models is defined in the preferences on the visualization page. Select Window-> Prefer-
ences... from menu and then Variant Management->Visualization to change it. The default language is used for
all views and editors.

To edit visible names or descriptions for a particular language use the language button (B -) in the element
propertiesdialog asin Figure 6.30, “ Language selection in the element propertiesdialog”. Clicking on the arrow of
that button shows alist of languages currently in usein the model. By selecting alanguage from that list the visible
name and all descriptions in the element properties dialog are shown in that language. Y ou can change them,
switch to another language and then change them again. pure::variants saves the visible name and all descriptions
for each chosen language. If the desired language is not present in the language list then select the More... item
to chose the language in the upcoming dialog. The selected language will be added to the language list.
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Figure 6.30. Language selection in the element propertiesdialog
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Note

Thereisalanguage with name Unspecified and abbreviation ?? available. Thislanguage can be used like
others. Typically, it is used when the language of visible names and descriptions do not play arole. After
installation of pure::variantsit is set as the first default language. All texts of old models are treated as
if they were entered for the language Unspecified.

The visible name and the description fields sometimes show texts from another language than the active, usually
with an annotation like [Language: EN]. This occurs when no visible name or description was entered for the
active language, to point out that there is a text for another language (in the example EN stands for English).
However, simply modify the text to specify atext for the active language. Or, you may replaceit by itstrand ation.

Multiple languages of visible names and descriptions are al so supported in the properties view (see Section 7.4.6,
“Properties View”) and in the model properties page as well as in the general properties page of a model (see
Section 7.5.1, “Common Properties Page” and Section 7.5.2, “General Properties Page”). Look for the language

button B3 - and use it like described above.
6.12. Importing and Exporting Models
6.12.1. Exporting Models

Models may be exported from pure::variants in avariety of formats. An Export item is provided in the Navigator
and Variants Project views context menus and in the File menu. Select Variant Resour cesfrom category Variant
Management and choose one of the provided export formats.

Currently supported export dataformatsare HTML, XML, CSV and Directed Graph. The Directed Graph format
isonly supported for some models. Additional formats may be available if other plug-ins have been installed.

HTML export format is a hierarchical representation of the model. XML export format isan XML file containing
the corresponding model unchanged.
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CSV, character separated values, export format results in a text file that can be opened with most spreadsheet
programs (e.g. Microsoft Excel or OpenOffice). CSV export respects the filters set in the editor of the model to
export, i.e. only the matching elements are exported. The export wizard permits the columns to be generated in
the output file to be selected.

HTML Export

The HTML Export generates representations for feature and family modelsin HTML. The generated HTML file
can be opened by any browser (e.g. "Internet Explorer”, "Firefox", etc.).

The export will generate a navigation section which represents all model elements hierarchical in a tree and the
data of the elements on the right side of the generated html page. The navigation tree will help to navigate to
elements quickly. The selected element in the navigation section will be shown on top of the content section. Each
section of an element includes the following paragraphs:

» General Properties

» Description

» Properties

» Relations, Restrictions and Constraints

The General Propeties paragraph shows information like Unique Name, Element Class, Variation Type, Element
Type and Default Selected.

The following two pictures are showing the HTML Export wizard. The first page enables the user to define an
absolute path for the output file. Using pure:variants path variablesis supported. The style of the html output can
be adjusted individually by referencing your own stylesheet (*.css) either asweb URL or local file. The styleshest
can either be linked or inlined in the html ouput file.

Figure 6.31. HTML Export Wizard
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Qutput File:
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stylesheet in the HTML page, otherwise a link to the stylesheet lacation is

inserted,

bt/ fvavrde/path fofossfminimal style,css| | Browse..,
Defines the path of the stylesheet, An URL of 3 ©55 stylesheetta be used for the
HTMIL page,

'@:‘ | < Back || Hext = | [ Finish ] | Cancel

Define output path and cssfile path.

On the second configuration page a filter can be selected, which applies to the selected model. Elements which
apply tothefilter arenot included in html output. Please see Section 6.8, “ Filtering Models” for further instructions.
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To hide specific information (e.g. "Restrictions', " Specific Attributes’,...) in the selected model atree layout can
be selected in the combo box Layouts. For further Information see the section called “ Tree Editing Page”.

Figure6.32. HTML Export Wizard
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Definefilter and tree layout.

The folloing stylesheet classes are supported in the HTML Export.

Table 6.3. Table of CSS classes

CSS Class Description

.section All sections including "General Properties’, "Descrip-
tion", "Properties’ and ...

.ps-generad "General Properties’ section placed beneath Feature
headline

.ps-description "Description” section placed beneath "General Proper-
ties

.ps-properties "Properties’ section placed beneath "Description”

.ps-relations "Relations, Restrictions, Constraints' placed beneath
"Properties’

.ps-breadcrumb Breadcrumb navigation path beneath Feature's headline

.ps-feature Section of a Feature

Isthe html output opened in a browser the following interactions are available:
» Breadcrumb navigation placed beneath each element headline to navigate quickly to the parents of the element.

» Expand/Collapse tree buttons on the bottom of the naviagation on the left side of the website to expand/collapse
the navigation tree.

» Expand/Collapse model buttons on the right bottom of the website to expand/collapse all element sections.

» Expand/Collapse buttons on any element sections and headline to expand/collapse all element sections and
headline of the same type in the whole html document.
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» Elements having arelation have a hyperlink to quickly navigate to the related elements.

The following image shows a typical html export.

Figure6.33. HTML Export Result
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studying climate and our weather.

This is the basic feature of our weather station exarmple. It provides all needed basic
functionality. This station has three main features, one of them aptionally. So every
weather station has at least one sensar for measuring weather data and at least ane way
to communicate with a user ar a PC.

The application is capable to measure wind speed, ternperature or air pressure, The
application either can show measurement values on a LCD or transfer the values to a PC.

HTML Export example.

[

It isnot possible to export aVariant Description Model using the export wizard as described above. For exporting
avdm atransformation module is used. The transformation is described in the next section.

HTML Transformation Module

For exporting a vdm to a html document the transformation module HTML Transformation Module is used. See
below the module in the transformation module selection dialog.

Figure6.34. HTML Transformation Module
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Selection of HTML Transformation Module
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The next image shows the parameter of this transformation module.

The parameter Output enables the user to define a different output folder, for the result of the HTML transforma-
tion.

The transformation module for HTML has three different modi, called Result Models Tailored, Result M odels
Annotated and Input M odels Only. The modus is selected with the parameter Mode

The Result Models Tailored mode executes a transformation of on variant description model and will output the
transformed feature and family models as html representation. Each model will generate asingle html output file.
The name of thisfile will be the name of the model suffixed with the model type. In this mode only elements part
of the variant will get exported to the html.

The Result Models Annotated mode exports all elements defined in the input models, but it will gray out al the
elements, which are not part of the transformed variant..

The Input Models Only mode doesn't execute a transformation but exports al input models defined in the used
configuration space. Furthermore are all configuration parameters definable except the filter parameter.

Third parameter Layout is optional. If used it defines a tree layout, which will be used during the transformation.
(the section called “ Tree Editing Page”)

Fourth parameter Stylesheet defines wether No Stylesheet is used or if aLink Stylesheet isused, or if alnline
stylesheet is used.

Parameter Stylesheet Path is optional, but needed if Link Stylesheet or Inline Stylesheet was selected. It defines
the path to the local cssfile or aURL to aremote cssfile.

The last two optional parameter allow the user to filter the input models of the configuration space. The Model
Type Filter allowsthe user to filter the input models reparding their type. Additionally the paramter Model Name
Filter allows the user to specify aregular expression, which is used to filter the models by their names.

Figure6.35. HTML Tranformation Module Parameters
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Configuration of HTML Transformation Module.

Directed Graph Export

The directed graph export format generates a model graphs in the DOT language and with appropriate tools in-
stalled also images in many other image format such as JPEG, PNG, BMP. This can be used for generation of
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images for use in documentation or for printing. If the DOT language interpreter from the GraphViz package
(http://www.graphviz.org/) isinstalled in the computers executable path or the packages location is provided as
a preference (Windows->Preferences->Variant Management->Image Export), many image formats can be gen-
erated directly. The dialog shown in Figure 6.36, “Directed graph export example” permits many details of the
output, such as paper size or the layout direction for the model graph, to be specified. Graphs for sub-models
may be exported by setting the root node to any model element. The Depth field is used to specify the distance
below the root node beyond which no nodes are exported. The Colored option specifies whether Feature Models
are exported with a colored feature background indicating the feature relation (yellow=ps: mandatory, blue=ps:or,
magenta=ps: option, green=ps:alternative). Figure 6.37, “Directed graph export example (options LR direction,
Colored)” showstheresults of aFeature Model export using the L eft to Right graph direction and Colored options.

Figure 6.36. Directed graph export example
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Figure 6.37. Directed graph export example (options LR direction, Colored)
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6.12.2. Importing Models

AnImport itemisprovided inthe Navigator and V ariants Project views context menus and in the File menu. Select
Variant Modelsor Projectsfrom category Variant Management and choose one of the provided import sources.

Currently two generic imports are provided. The first one imports a Family Model from source directories. This
import creates a Family Model or parts of a Family Model from an existing directory structure of Java or C/C+
+ source codefiles.
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The second generic import, imports a Feature Model or a Family Model from a CSV file. While importing a few
fieldsare directly used by pure::variants to build the model. Other fields areimported as attributes to the elements.
Thesefields are:

Table6.4.

Unique Name

Unique name of an element.

Unique ID Unique Id of an element
Visible Name Visible name of an element.
Variation Type The variantion type of an element. Possible values are:

ps:mandantory, ps.optional, ps:or and ps:aternative.
If no variation typeis given ps:mandatory is used.

Parent Unique ID

The Unique ID of the parent element.

Parent Unique Name

The Unique Name of the parent element.

Parent Visible Name

The Visible Name of the parent element.

Parent Type The Type of the parent element.
Class The class of an element, most likely ps:feature for
Feature Model or ps:component for Family Model.
Type The type of an element, most likely ps:feature for

Feature Model or ps.component for Family Model.

For importing aCSV to a Feature Model the field Unique Name is necessary. If you like to import a hierarchical
model either the fields Unique I D and Parent Unique ID or Unique Name and Par ent Unique Name are nec-
essary aswell. In case of importing an hierarchical model the element without Parent Unique 1D will be the root
element, if no Parent Unique I Ds given, the first element without will be the model root.

Please note, the CSV export of pure::variants exports more fields as the CSV import of pure::variants can import.
Fields such as Relations, Restriction and Constraint areignored by CSV import. Therefore afull roundtrip with
the help of the CSV dataformat is not possible.

Additional imports may be available if different plug-ins are installed.

User-defined import manipulator with JavaScript

For customization of an imported pure::variants model a JavaScript Manipulator is provided. This manipulator is
available for all importer, which support import manipulators.

Figure 6.38. JavaScript Manipulator Wizard Page
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On the JavaScript Manipulator wizard page ja JavaScript file needs to be given, which is performed after the
import is done, to customize the resulting pure::variants model. It is allowed to use pure::variants path variables
in the JavaScript path.

Additonally Parameter for the JavaScript can be defined on this page. Parameters are simple name value pairs.

The JavaScript can also define paramter and default valuesin acomment at the top of the script. These parameters
are automatically added to the parameters table, if the script isloaded.

Note

An example JavaScript is generated using the "New -> JavaScript Manipulation Script" entry from the
context menu in the projects view. This script shows a basic model manipulation and how parameters
are defined in a JavaScript.

6.13. External Build Support (Ant Tasks)

pure::variants provides some useful Ant task. They can be used with buildfilesinside Eclipse or in headless mode.

6.13.1. pv.import

The pv.inport task imports a pure::variants project into the workspace. If the project is aready part of the
workspace nothing happens.

Example:

<pv.inport path="C:\Projects\Wather Station"/>
<pv.inport server="http://pv.server.conl' nanme="Wat her Station" revision="v2"/>

Thistask has the following attributes:
» importreferencesif t r ue the references to other projects are also imported (default ist r ue)
 path isthe absolute path to the project in the file system

* server, name, revision are the server URL, the name of the project, and optionally the version of a remote
project to import

6.13.2. pv.evaluate

Thepv. eval uat e task performs an evaluation and stores the result in the given result model file.

Example:

<pv. eval uate vdnm="Weat her Station\ Confi g\l ndoor.vdni' vrm="Weather Station\l|ndoor.vrn/>
<pv. eval uate vdnm="Weat her Station\ Confi g\ Qutdoor.vdni' vrm="Weat her Station\ Qutdoor.vrni>
<property nanme="aut oresol ve" val ue="ext ended"/>
<property name="timeout" val ue="120"/>
</ pv. eval uat e>

This task has the following attributes:

e vdm isthe path to the Variant Description Model to evaluate

» vrm isthe path to the Variant Result Model

The pv. eval uat e task supports optional properties which influence the evaluation:

» autoresolve set the mode of the auto resolver. Possible values are of , si npl e, ext ended

» timeout set the maximal time used for the evaluation in seconds
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6.13.3. pv.transform

Thepv. t ransf or mtask performs atransformation of a Variant Description Model or Variant Result Model.

Example:

<pv.transform vdm="Weat her Station\Config\lndoor.vdnl name="Default" force="true">
<property nane="autoresol ve" val ue="ext ended"/>
<property nane="tineout" val ue="120"/>

</ pv. transform>

<pv.transform vrm="Wat her Station\CQutdoor.vrnl name="Default"/>

Thistask has the following attributes:

» vdm isthe Variant Description Model to transform

» vrm isthe Variant Result Model to transform

* nameisthe name of the Transformation Configuration

» forceif t rue the transformation runs always also if the result has errors

Thepv. t ransf or mtask supports optional properties which influence the evaluation, which runs before the trans-
formation:

» autoresolve set the mode of the auto resolver. Possible values are of , si npl e, ext ended

» timeout set the maximal time used for the evaluation in seconds

6.13.4. pv.inherit

Thepv.inherit task changes the inheritance between VDMs.

Example:

<pv.inherit vdm="Weather Station\Config\lndoor.vdni>
<super vdm="Weat her Station\ Confi g\ Base. vdni'/>
</pv.inherit>

Thistask has the following attributes:
» vdm isthe Variant Description Model which inherits (pv.inherit tag), or which isinherited (super tag)
6.13.5. pv.connect

The pv. connect task connectsto a server and login as given user.

Example:

<pv. connect server="http://pv.server.conl' user="exanpl e" pass="exanple"/>

Thistask has the following attributes:
» server isthe pure:variants server to connect to
* user isthe name of the user

» passisthe password for the user

6.13.6. pv.sync

The pv. sync task updates a model imported by a connector. The connector specific synchronization job is called
to update the models data.
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Example:

<pv. sync nodel ="Weat her Stati on\ Sources. ccfni'/>

Thistask has the following attributes:

» model isthe model to update

6.13.7. pv.mergeselection

The pv. ner gesel ecti on task creates or updates a variant description model by merging all selections from the
given variant description models. The following rules are applied. If an element is excluded in at least one source
model the element is also excluded in the result. If an element is selected in at least one source model it is aso
selected in the result if not excluded by any other source model.

Example:

<pv. mer gesel ecti on vdm="Weat her Stati on\ Confi g\ Merged. vdni' >
<source vdn="Weat her Station\ Confi g\l ndoorBase. vdni' >
<source vdn="Weat her Station\ Config\ TenpOnly. vdni' >
<source vdn¥"Weat her Stati on\ Confi g\ ConmJSB. vdni' >

</ pv. mer gesel ecti on">

Thistask has the following attributes:

» vdm istheresult model (pv.mergeselection tag) or the source model (source tag)
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Chapter 7. Graphical User Interface

The layout and usage of the pure::variants User Interface closaly follows Eclipse guidelines. See the Workbench
User Guide provided with Eclipse (Help->Help Contents) for more information on this.

7.1. Getting Started with Eclipse

This section gives a short introduction to the elements of the Eclipse Ul before introducing the pure::variants Ul.
Readers with Eclipse experience may skip this section.

Eclipse is based around the concepts of workspaces and projects. Workspaces are used by Eclipse to refer to
enclosed projects, preferences and other kinds of meta-data. A user may have any number of workspaces for dif-
ferent purposes. Outside of Eclipse, workspaces are represented as a directory in the file system with a subdirec-
tory .meta-data where all workspace-related information is stored. A workspace may only be used by a single
Eclipse instance at atime. Projects are structures for representing a related set of resources (e.g. the source code
of alibrary or application). The contents and structure of a project depends on the nature of the project. A project
may have more than one nature. For example, Java projects have a Java nature in addition to any project-specific
natures they may have. Natures are used by Eclipse to determine the type of the project and to provide specialised
behaviour. Project-specific metainformation is stored in a .project file inside the project directory. This directory
could be located anywhere in the file system, but projects are often placed inside a workspace directory. Projects
may be used in more than one workspace by importing them using (File->Import->Import Existing Project).

Figure 7.1, “Eclipse workbench elements’ shows an Eclipse workbench window. A perspective determines the
layout of thiswindow. A perspectiveis a (preconfigured) collection of menu items, toolbar entries and sub-win-
dows (views and editors). For instance this figure shows the standard layout of the Resource perspective. Perspec-
tives are designed for performing a specific set of tasks (e.g. the Java perspective is used for developing Java
programs). Users may change the layout of a perspective according to their needs by placing views or editorsin
different locations, by adding or closing views or editors, menu items and so on. These custom layouts may be
saved as new perspectives and reopened later. The standard layout of a perspective may be restored using Win-
dow-> Reset Perspective.

Editors represent resources, such as files, that are in the process of being changed by the user. A single resource
cannot be open in more than one editor at atime. A resource is normally opened by double-clicking onitin a
Navigator view or by using a context menu. When there are several suitable editors for a given resource type
the context menu allows the desired one to be chosen. The figure below shows some of the main User Interface
elements:

Figure 7.1. Eclipse wor kbench elements
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Variant Management Perspective

Eclipse uses Views to represent any kind of information. Despite their name, data in some types of view may be
changed. Only oneinstance of a specific type of view, such as the Outline view, may be shown in the workbench
at atime. All available views are accessible via Windows->Show View->Other.

7.2. Variant Management Perspective

pure::variants adds a Variant Management perspective to Eclipse to provide comprehensive support for variant
management. This perspectiveis opened using Window-> Open Per spective-> Other->Variant Management. Fig-
ure 7.2, “Variant management perspective standard layout” shows this perspective with a sample project.

Figure 7.2. Variant management per spective standard layout
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7.3. Editors

pure::variants provides specialized editors for each type of model. Each editor can have several pagesrepresenting
different model visualizations (e.g. tree-based or table-based). Selecting the desired page tab within the editor
window changes between these pages.

7.3.1. Common Editor Pages

Since most models are represented as hierarchical tree structures, different model editors share a common set of
pages and dialogs.

Tree Editing Page
The tree-editing page shows the model in a tree-like fashion (like Windows Explorer). This page allows multi-

ple-selection of elements and supports drag and drop. Tree nodes can also be cut, copied, and pasted using the
global keyboard shortcuts (see Section 9.12, “Keyboard Shortcuts”) or via a context menu.




Common Editor Pages

Selection of a tree node causes other views to be updated, for instance the Properties view. Conversely, some
views also propagate changes in selection back to the editor (e.g. the outline views).

A context menu enables the expansion or collapse of all children of a node. The level of details shown in the
tree can be changed in the "Tree Layout" sub-menu of the context menu. If an attribute is selected in the tree
and the context menu is opened, this sub-menu contains the specia entry "Hide Attribute: name" is shown. It is
used to hide this attribute in the tree view. Hidden attributes can be made visible again with the sub-menu action
Table Layout->Change. A dialog is opened which presentsalist of all visible attributesand all invisible attributes.
This list can be adapted as desired. Additionally the tree layout allows to generally show or hide "Restrictions”,
"Constraints', "Relations’, "Attributes' and "Inherited Attributes". If attributes are set as hidden, the tables men-
tioned above have no effect. In addition the layouts can be given a name to store them permanently in the eclipse
workspace. A named layout can be set as default layout, which can apply for only one tree layout, which then
alwaysis used for any newly opened model (see Section 7.4.2, “Visualization View” for more information on it).

Double-clicking on a node opens a property dialog for it.

The labels of the elements shown in the tree can be customized on the Variant Management->Visualization pref-
erence page.

Table Editing Page

The table view is available in many views and editors. This view is a tabular representation of the tree nodes.
The visible columns and al so the position and width of the columns can be customized via a context menu (Table
Layout->Change). A layout can be given a name. Named layouts are shown in, and can be restored from, the
Visualization view (see Section 7.4.2, “Visuaization View”"). Named layouts and layout changes for each table
are stored permanently in the Eclipse workspace. Asfor tree layouts a table layout can be set as default. Clicking
on a column header sortsthat column. The sort direction may be reversed with a second click on the same column
header.

Tip

Double clicking on a column header separator adjusts the column width to match the maximal width
required to completely show all cells of that column.

Most cellsin table views are directly editable. A single-click into a cell selects the row; a second click opens the
cell editor for the selected cell. The context menu for a row permits addition of new elements or deletion of the
row. A double-click on arow starts a property dialog for the element associated with the row.

Constraints Editing Page

The Constraints page is available in the Feature and Family Model Editor and shows all constraintsin the current
model. Constraints can be edited or new created on this page. It also supports to change the element defining a
constraint.

Figure 7.3, “Constraints view” shows the Constraints page containing two constraints formulated in pvSCL. The
first column in the table of the page contains the name of the constraint. The constraint expression is shown in the
second column. In column three the type of the element defining the constraint is shown. The defining element
itself is shown in the last column.
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Figure 7.3. Constraints view
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New constraints can be added by pressing button "New". The name of aconstraint can be changed by double-click-
ing into the name field of the constraint and entering the new name in the opened cell editor. Double-clicking
into the "Defining Element” column of a constraint opens an element selection dialog allowing the user to change
the defining element.

Clicking on a constraint shows the constraint expression in the editor in the bottom half of the page. The kind of
editor depends on the language in which the constraint isformulated (see the section called “ Advanced Expression
Editor” for more information about the editor). The language for the constraint expression can be changed by
choosing a different language from the "Language" list button.

Changes to constraints are applied using the "Apply" button and discarded using the "Restore" button.

Graph Visualization Page

The graph visualization page is primarily intended for the graphical representation and printing of models. Al-
though the usual model editing operationslike copy, cut, and paste and the addition, editing, and deletion of model
elements also are supported.

Note

The graph visualization is only available if the Graphical Editing Framework (GEF) isinstaled in the
Eclipse running pure::variants. More information about GEF are available on the GEF Home Page.

For nearly all actions on a graph that are explained in the next sections keyboard shortcuts are available listed in
Section 9.12, “Keyboard Shortcuts”.

Graph Elements

Model elements are represented in the graph as boxes containing the name of the element and an associated icon.
Feature model elements are represented as shown in the next figure.

E mandatary festure |

? optional feature ||¢Pa|ternative festure || ¥ or feature |

The representation of Family Model elements dlightly differs for part and source elements.

|@ root componernt || E} camponent || __j clazs: part || @ type: source |

86


http://www.eclipse.org/gef

Common Editor Pages

Parent-child relations are visualized by arrows between the parent and child elements.

(Towen)———[Tow]

Other relations are visualized using colored connection lines between the related elements. The color of the con-
nection line depends on the relation and matches the color that is used for this relation on the tree editing page.

=
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If an element has children a triangle is shown in the upper right-hand corner of the element box. Depending on
whether the element is collapsed or expanded ared or white corner is shown.

| E cnllapsecﬂ

E expandedw

Graph Layout

Thelayout of the graph can be changed in several ways. Graph elements can be moved, expanded, collapsed, hid-
den, and automatically aligned. The graph can be zoomed and the layout of the connections between the elements
of the graph can be changed.

Two automatic graph layouts are supported, i.e. horizontal aligned and vertical aligned. Choosing "Layout Hori-
zontal" from the context menu of the graph visualization page automatically layouts the el ements of the graph from
left to right. The elements are layouted from top to bottom choosing "Layout Vertical" from the context menu.

Depending on the complexity of a graph the default positioning of the connection lines between the elements of
the graph may not be optimal, e.g. the lines overlap or elements are covered by lines. This may be changed by
choosing one of three available docking rules for connection lines from the submenu " Select Node Orientation"
of the context menu.

No Docking Rule The connection lines point to the center of connected elements. Thus con-
nection lines can appear everywhere around an element.
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‘\ ¥ childs child 2

> —
& child 3
/ 1 child 1
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¥ childs child 1

\
I

Dock Connections on Left or Right  The connection lines are positioned in the middle of the left or right side
of connected elements. This is especially useful for horizontally layouted

graphs.
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ChlldS child 3
ChlldS child 4
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Dock Connectionson Top or Bot-  The connection lines are positioned in the middle of the top or bottom
tom side of connected elements. Thisis especially useful for vertically layouted
graphs.
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Thegraph can be zoomed using the"Zoom In" and " Zoom Out" items of the context menu of thegraph visualization
page.

Several elements can be selected by holding down the SHIFT or STRG key while selecting further elements, or
by clicking somewhere in the empty space of the graph visualization page and dragging the mouse over elements.
A dashed line appears and all elementsthat are partially or wholly enclosed in it will be selected.

If an element has children the element can be expanded or collapsed by clicking on the triangle in the upper right-
hand corner of the element's box. Another way isto use the " Collapse Element", "Expand Element", and "Expand
Subtree" context menu items. In contrast to the "Expand Element" action, "Expand Subtree" expands the whole
subtree of an element, not only the direct children.

To hide an element in the graph this element has to be selected and "Hide Element" has to be chosen from the
context menu. Attributes, relations, and the connection lines between related elements (relations arrows) also can
be hidden by choosing one of the itemsin the "Show In Graph" submenu of the context menu.

Elements can be moved by clicking on an element and move the mouse while keeping the mouse button pressed.
Thisonly works if the element selection tool in the tool bar is selected.

Figure 7.4. Selected Element Selection Tool

[:3 Select
@» Feature
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Graph Editing

Basic editing operations are available for the graph. The elements shown in the graph can be edited by choosing
"Properties’ from the context menu of an element. Elements can be copied, cut, pasted, and deleted using the
corresponding context menu items.

New elements can be created either by choosing one of the items below the "New" context menu entry or by using
the element creation tool provided in the tool bar of the graph visualization page.

Figure7.5. Feature/Family Model Element Creation Tools
[:3 Select ‘ [% Select
|

| :j Element @ Feature

Graph Printing
Printing of agraphis performed by choosing the File->Print menuitem. The graph isprinted in the current layout.
Note
Printing is only available on Windows operating systems.
Element Properties Dialog
The properties dialog for an element contains a General, Relations, Attributes, Restrictions, and Constraints page.
General Page

This page configuresthe general properties of amodel element. According to the model type the available el ement
properties differ (see Figure 7.6, “Family Model Element Properties’).

Figure 7.6. Family M odel Element Properties
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Variation Type
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The following list describes the properties that are aways available.

Unique ID

Unique Name

Visible Name

Class/Type

Variation Type

Range

Default Selected

Description

Relations Page

The unique identifier for the model element. Thisidentifier is generated automatically
and cannot be changed. Every Feature Model element has to have a unique identifier.

The unique name for the model element. The name must not begin with a numeric
character and must not contain spaces. The uniqueness of the name is automatically
checked against other elements of the same model. The unique name can be used to
identify elementsinstead of their unique identifier. Unique names are required for each
feature, but not for other model elements. The Unique nameis displayed by default (in
brackets if the visible name is also displayed).

Theinformal name for the model element. This nameis displayed in views by default.
This name can be composed of any characters and doesn't have to be unique.

Theclassand type of the model element. In feature models elements can only have class
ps:feature. Thus the element class for features cannot be changed. Elementsin Family
Models can have one the following classes: ps:component, ps:part, or ps:source. The
root element of a family model always has the class ps:family. The type of a model
element isfreely selectable.

The Variation type of a model element. The variation type specifies, which selection

group appliesto the element. One of "mandatory”,"optional”,"alternative" or "or" can
be selected.

For variation type Or it is possible to specify the number of features/ family elements
that have to be selected in avalid configuration in terms of a range expression. These
range expressions can either be anumber, e.g. 2, or an inclusive number range givenin
square brackets, e.g. [1,3], or a set of number ranges delimited by commas, e.g. [1,3],
[5, 8]. The asterisk character * or the letter n may be used to indicate that the upper
bound is equal to the number of elementsin the Or group.

This property defines the default selection state of a model element. Default selected
elements are selected implicitly if the parent element is selected. To deselect this ele-
ment either the parent has to be deselected or the element itself has to be excluded by
the user or the auto resolver. Note, that by default the default selection state is disabled
for features and enabled for family elements.

The description of the model element. For formatted text editing see Section 7.5.1,
“Common Properties Page”. The description field is also available on the other pages.

This page alows definition of additional relations between an element and other elements, such as features or
components (see Figure 7.7, “Element Relations Page”). Typical relations between features, such as requires or
conflicts, can be expressed using a number of built-in relationship types. The user may aso extend the available
relationship types. More information on element relations can be found in Section 5.2.3, “Element Relations”.

90



Common Editor Pages

Figure7.7. Element Relations Page
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Attributes Page
Every element may have an unlimited number of associated attributes (name-value pairs).

The attributes page uses atable of treesto visualize the attribute declaration (root row) and optional attribute value
definitions (child rows).

Each attribute has an associated Type and may have any number of Va ue definitions associated with it. The values
must be of the specified Type. The number of attribute value definitionsis shown in the # column. In the example
in Figure 7.8, “ Sample attribute definitions for a feature”, the attribute DemoAdttribute has two value definitions
(1 and 0).
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Figure 7.8. Sample attribute definitionsfor a feature
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Attributes can be inherited from parent elements. Checking the inheritable cell (column iconts) in the parent
elements Attribute page does this. An inherited attribute may be overridden in a child element by defining a new
attribute with the same name astheinherited attribute. The new attribute may or may not beinheritable asrequired.

Attributes can be fixed by checking thecell inthe F column. Fixed attributes are cal cul ated from val ue definitions
in the model in which they are declared, in contrast to non-fixed attributes for which the value is specified in
a VDM. Default values can be (optionally) defined here for non-fixed attributes. These are used if no value is
specified in the VDM.

An attribute may have arestricted availability. Thisisindicated by a check mark in the ** column. Clicking on a
cell in this column activates the Restrictions editor. To restrict the complete attribute definition use the restriction
cell in the attribute declaration (root) row. To restrict an attribute value, expand the attribute tree and click into
the restriction cell of the value. In the appearing dialog restrictions can either be entered directly into acell or by
using the Restrictions editor. Clicking on the button marked ... which appears in the cell when it is being edited
opens this editor. See the section called “ Restrictions Page” for detailed information.

During model evaluation, attribute valuesare calculated in thelisted order. The M ove Up and M ove Down buttons
on the right side of the page can be used to change this order. The first definition with avalid restriction (if any)
and a constant, or avalid calculation result, defines the resulting attribute value.

Vaues can be entered directly into a cell, or by choosing a value from a list (combo box) of predefined values,
or by using the Value editor. Clicking on the button marked ..., which appearsin the cell when it is being edited,
opensthiseditor. The editor also allows the value definition type to be switched between constant and cal culation.
The calculation type can use the pvProlog language to provide more complex value definitions. More information
on calculating attribute valuesis given in the section called “ Attribute Value Calculations with pvProlog”.

The name of an attribute can be inserted directly or chosen from alist of attributes defined for the corresponding
element type in the pure::variants type model. When choosing an attribute from the list, the attribute type and the
fixed state of the attribute are set automatically.

It isalso possibleto provide attributes which have a configurable collection of values as data type. Each contained
valueisavailablein avariant if the corresponding restriction holds true. To use this feature, square brackets ("[]")
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for list valuesor curly brackets ("{}") for set values have to be appended to the data type of the attribute in column
Type, e.g. ps.string{}, ps:boolean[], or ps:integer{}.

The use of attributes is covered further in Section 5.2.4, “ Element Attributes”.

Restrictions Page

The Restrictions page defines element restrictions. Any element that can have restrictions can have any number
of them. A new restriction can be created using the Add button. An existing restriction can be removed using
Remove. Restrictions are OR combined and evaluated in the given order. The order of the restrictions may be
changed using the M ove Up and M ove Down buttons on the right side of the page.

Figure 7.9. Restrictions page of element propertiesdialog
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For each restriction a descriptive name can be specified. It has no further meaning other than a short description
of what the restriction checks. A restriction can be edited in place using the cell editor (shown in the right side
of figure Figure 7.9, “Restrictions page of element properties dialog”). Note the differencein restriction #1 in the
left and right sides of the figure. Unless they are being edited, the element identifiers in restrictions are shown
as their respective unique names (e.g. 'Garlic’) when available. When the editor is opened the actual restriction is

editor that is more suitable for complex restrictions. This editor is described more detailed in the section called
“Advanced Expression Editor”.

Constraints Page

The Constraints page defines model constraints. Any element that can have constraints can have any number of
them. A new constraint can be created using the Add button. An existing constraint can be removed using Remove.
The order of constraints may be changed using the Move Up and Move Down buttons on the right side of the
page. This has no effect on whether a constraint is evaluated or not; constraints are always eval uated.
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Figure 7.10. Constraints page of element propertiesdialog
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For each constraint a descriptive name can be specified. It has no further meaning other than a short description
of what the constraint checks. A constraint can be edited in place using the cell editor (shown in the right side
of figure Figure 7.10, “Constraints page of element properties dialog”). The ... button opens an advanced editor

dialog that is more suitable for complex constraints. This editor is described more detailed in the section called
“Advanced Expression Editor”.

Advanced Expression Editor

The advanced expression editor is used everywhere in pure::variants where more complex expressions may be
inserted. Thisisfor instance when writing more complex restrictions, constraints, or calculations.

Currently it supports the two languages pvProlog and pvSCL. Special editors are available for both languages.
Figure 7.11, “ Advanced pvSCL expression editor” shows the pvSCL editor editing a constraint.

Figure 7.11. Advanced pvSCL expression editor
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This dialog supports syntax highlighting for pySCL keywords and auto completion for identifiers. There are two
forms of completion. Pressing CTRL +SPACE while typing in an identifier opens a list with matching model
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elementsand pvSCL keywordsasshown inthefigure. If the user enters"<ModelName>." or "@<Mode Id>/" alist
with the elements of the model is opened automatically. When pressing CTRL +SPACE the opened list contains
all kind of proposals: models, elements and operations, if there is no context information available. Therefore
an typing of "' opens the list with only elements contained. When then one of the elements is selected, the full
qualified name of the element is inserted into the code, i.e. "<ModelName>.<ElementName>". There is always
a specia entry at the end of such alist, "Open Element Selection Dialog...", which opens the Element Selection
dialog supporting better element selection. This diaog is described more detailed in the section called “Element
Selection Didlog”.

Warning

The pvSCL syntax is not checked in this editor. A syntactically wrong expression will cause the model
evaluation to fail.

Figure 7.12, “Advanced pvProlog expression editor” shows the pvProlog editor directly editing a constraint ex-
pression.

Figure 7.12. Advanced pvProlog expression editor
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Pressing CTRL +SPACE in this editor opens the element selection dialog. All element identifiers selected in this
dialog areinserted into the expression as quoted strings. Thisdialog is described more detailed in the section called
“Element Selection Dialog”.

Warning

The pvProlog syntax is not checked in this editor. A syntactically wrong expression will cause the model
evaluation to fail.

Figure 7.13, “pvProlog expression pilot” shows the pvProlog editor editing aconstraint in the expression pilot. In
contrast to the pvProlog source editor the pilot always produces syntactically correct pvProlog code.
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Figure 7.13. pvProlog expression pilot
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A pvProlog function can be inserted into the expression by pressing on button "New" or choosing Add->New
from the context menu. The inserted function can be changed by choosing ancther function in field "Operator".
The argument of the function is added by pressing on button "..." next to field "Value'. If the check button "Use
Unique Name" is checked, the unique name of the selected element is inserted as argument. Otherwise the id of
the selected element is inserted.

An operator can be added by choosing the corresponding operator from the Add context menu entry. To change
an operator the context menu entry "Change to" is used. The "Negate" button adds a "NOT" operator on top of
the selected function or operator.

A selected function or operator can be removed by pressing button "Remove'. The "Move up” and "Move down"
buttons are used to move operands up or down (for instance to swap operands).

The resulting pvProlog source code for the constructed expression is shown in the bottom half of the editor.

Element Selection Dialog

The element selection dialog (figure Figure 7.14, “Element selection dialog”) is used in most cases when asingle
element or aset of elements has to be selected, e.g. for choosing the relation target elements when inserting a new
relation. The left pane lists the potentially available elements, the right pane lists the selected elements. To select
additional elements, select them in the left pane and press the button ==>. Multiple selection is also supported.
To remove elements from the selection, select them in the right pane and use the button <==.
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@ Select Elements [X]
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Figure 7.14. Element selection dialog
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The model selection and filter fields in the lower part of the dialog control the elements that are shown in the left
Label field. By default, all elementsfor all models within the current project are shown. If afilter is selected, then
only those elements matching the filter are shown. If one or more models are selected, then only elements of the
selected models arevisible. If the scopeis set to Workspace then all models from the current workspace are listed.
The model selection is stored, so for subsequent element sel ections the previous configuration is used.

Tip

The element information shown in the left and right Label fields is configurable. Use Table Lay-
out->Change... from the context menu to select and arrange the visible columns. See the section called
“Table Editing Page” for additional information on table views.

7.3.2. Feature Model Editor

Every open Feature Model is shown in a separate Feature Model editor tab in Eclipse. This editor is used to add
new features, to change features, or to remove features. Variant configuration is not possible using this editor.
Instead, thisis donein a variant description model editor (see Section 7.3.4, “Variant Description Model Editor”
and Section 4.3, “Using Configuration Spaces’ for more information).

The default page of a Feature Model Editor is the tree-editing page. The root feature is shown as the root of the
tree and child nodes in the tree denote sub-features. The icon associated with a feature shows the relation of that
feature to its parent feature (see Table 9.4, “Element variation types and itsicons”).
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Figure 7.15. Feature Model Editor with outline and property view
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Some keyboard shortcuts are supported in addition to mouse gestures (see Section 9.12, “Keyboard Shortcuts”).

Creating and Changing Features

Whenever anew Feature Model is created, aroot feature of the same nameis automatically created and associated
with the model.

Additional sub-features may be added to an existing feature using the New context menu item. This opens the
New Feature wizard (see Figure 7.16, “New Feature wizard”) where the user must enter a unique name for the
feature and may enter other information such as a visible name or some feature relations. All feature properties
can be changed later using the Property dialog (context menu entry Properties, see the section called “Changing
feature properties”).

A feature may be deleted from the model using the context menu entry Delete. Thisalso deletesall of the feature's
child features.

Cut, copy and paste commands are supported to manipulate sub-trees of the model. These commands are avail-
able on the Edit menu, the context menu of an element and as keyboard shortcuts (see Section 9.12, “Keyboard
Shortcuts”).
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Figure7.16. New Feature wizard
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Changing feature properties

Feature properties, other than a feature's Unique I dentifier, may be changed using the Property dialog. This

diaog is opened by double-clicking the feature or by using the context menu item Properties (see Figure 7.17,
“Feature Model Element Properties’).

Figure 7.17. Feature Model Element Properties
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See the section called “ Element Properties Dialog” for more information about the dialog.
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Family Model Editor

7.3.3. Family Model Editor

The Family Model Editor shows a tree view of the components, parts, and source elements of a solution space.
Each element in the tree is shown with an icon representing the type of the element (see Table 9.8, “Predefined

part types’). The element may additionally be decorated with the restriction sign # if it has associated restriction
rules. For more information on Family Model concepts see Section 5.4, “Family Models”.

Figure 7.18. Open Family Model Editor with outline and property view
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7.3.4. Variant Description Model Editor

The VDM Editor isused to specify the configuration of anindividual product variant. Thiseditor allowsthe user to
make and validate el ement selections, to set attribute val ues, and to exclude model e ementsfrom the configuration.

In this editor there are two tree views, one showing all feature models in the Configuration Space and another
showing all family models in the Configuration Space.

Element Selection

A specific model element can be explicitly included in the configuration by marking the check box next to the
element. Additional editing options are available in the context menu. For instance, there are menu entries for
desel ecting or excluding one or whol e sub-trees of elements. It isnot supported to make asel ection for two elements
with the same unique name of models with the same name.

Elements may also be selected automatically, e.g. by the Auto Resolver enabled by pressing button . However,
the context menu allows the exclusion of an element; this prevents the Auto Resolver from selecting the element.

Each selected element is shown with an icon indicating how the selection was made. The different types of icons
are documented in Table 9.5, “Types of element selections’. If the user selects an element that has already been
selected automatically its selection type becomes user selected and only the user can change the selection.
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Variant Description Model Editor

When the 1 jcon is shown instead of the selection icon, the selection of the element is inadvisable since it will
probably cause a conflict.

Attribute Overriding

The value of non-fixed attributesis specified in the VDM. Therefore, the Variant Description Model Editor allows
to change non-fixed attributes. There are three possibilities:

 with the Properties view (see Section 7.4.6, “Properties View”)

 with the Attributes view (see Section 7.4.1, “Attributes View”)

 with the cell editors of the Variant Description Model Editor itself

Only the first possibility will be explained in detail. The other two possibilities are similar to the first.

First make sure the VDM editor displays attributes (use context menu Table Layout -> Attributes). Next, dou-
ble-click on the attribute you would like to specify avalue for. A cell editor opens and atext can be entered for
the attribute or pressing the ... button opens the Value editor dialog. The given value will be applied with a click
somewhere elsein the tree.

Figure 7.19. Specifying an attribute valuein VDM with cell editor
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For list and set attributes a special dialog appears when editing attribute values in VDMs. The dialog contains a
text field with each line representing one attribute value.

Attributes of grey color mean that there is currently no value set for the attribute and that the default value of the
attribute is taken from the associated Feature or Family Model. If no value is specified in VDM for an attribute
with default value then awarning will be shown, calling attention to that issue. Attributes with no valuein VDM
and no default value will produce an error during evaluation.

Element Selection Outline View

The outline view of the VDM shows the selected elements with their selection state. Y ou can click on an element
to navigate to it in the VDM. This view may be filtered from the views filter icon or context menu.
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Variant Result Model Editor

Figure 7.20. Outline view showing thelist of available elementsin a VDM
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7.3.5. Variant Result Model Editor

The Variant Result Model Editor (VRM Editor) isused to view a saved Variant Result Model. To open aVariant
Result Model, double-click on the corresponding file (suffix . vr m) in the Variant Projects View. This opens the
editor in the style of the VDM Editor.

A Variant Result Model can not be changed because it already represents a concrete variant. Thus the shown
element selection is read-only.

If a Variant Result Model is located below a Configuration Space folder, transformation of the Variant Result
Model is possible. The required information for the transformation is taken from the Configuration Space. If no
valid transformation configuration isfound, the transformation will be rejected. A warning is shown if the models
of the Configuration Space do not conform to the models in the Variant Result Model.

Figure 7.21, “VRM Editor with outline and properties view” shows a sample variant result model.
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Model Compare Editor

Figure 7.21. VRM Editor with outline and propertiesview
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See Section 5.9.2, “Variant Result Models’ for more information about Variant Result Models.

7.3.6. Model Compare Editor

The Model Compare Editor is a special editor provided by pure::variants to view and treat differences between
pure::variants models. The behaviour of this editor is very similar to that of the Eclipse text compare editor. For
general information about the Eclipse compare capabilities please refer to the Eclipse Workbench User Guide. The
Task section contains a subsection Comparing resources which explains the compare action in detail. For more
information on the use of the pure::variants Model Compare Editor see Section 6.6, “ Comparing Models”.

7.3.7. Matrix Editor

The matrix editor gives an overview of feature selections and attribute values across the variantsin a configuration

space. The editor is opened by double-clicking on the configuration space icon & in the Variant Projects view
(see Figure 7.22, “Matrix Editor of a Configuration Space”). The editor may be filtered based on the selection
states of features in the individual Variant Description models: one filter shows the features that have not been
selected in any model, one filter shows the features that have been selected in all models, and one filter shows
the features that have been selected in at least one model. The filters are accessed via the context menu for the
editor (Show elements). The general filtering mechanism can also be used to further specify which features are
visible (also accessible from the context menu).
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Views

Figure 7.22. Matrix Editor of a Configuration Space
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The Matrix Editor alows to change selection for each VDM and attribute values per VDM. As for the table the
columns of the Matrix Editor can be changed via the same context menu (Table Layout->Change...). Only the
first column which shows the Configuration Space relevant Input Models in the order as they would appear for
the VDM Editor can not be (re)moved. Note for that column the manner of providing the features. The Matrix
Editor supports two ways of representing the features for the Input Models: Flat and Hierarchical. In the flat
manner the models are displayed as root elements and all elements flat directly as children of the models. Only
the attributes of the elements are located as children of their containing element. In the hierarchical manner the
elements are represented as they are in the Variant Description Model Editor that means, they are displayed in
their normal tree hierarchy.

In addition the Matrix Editor allows to evaluate the VDMs. This is done with the Evaluate Models button in the
editors toolbar, identical to the VDM Editor. Evaluation capability of the Matrix Editor also includes the buttons
in the toolbar Enable automatic checking... and Enable auto resolver.... If an evaluation is performed, only the
currently visible VDMs are evaluated.

Finally it is even possible to perform transformation of the visible VDMs. Use the Transform all models button to
perform transformation. See Section 5.9, “Variant Transformation” for detailed information.

7.4. Views

7.4.1. Attributes View

The attributes view shows for a VDM the available attributes of the associated Feature and Family Models. The
user can set the value of non-fixed attributes in this view by clicking in the Value column of an attribute. If no
valueis set for an attribute then the value set in the associated Feature / Family Model is shown in grey in the
Value column. This view may also be filtered to show only the attributes of selected features and/or where no
value has been set.
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Visualization View

Figure7.23. Attributes view (right) showing the attributesfor the VDM
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7.4.2. Visualization View
The model editors and most of the views support named layouts and filters. The Visualization view shows all

named layouts and named filters defined in the current Eclipse workspace (see Figure 7.24, “Visualization view
(left) showing 2 named filters and 2 named layouts”).

Figure7.24. Visualization view (left) showing 2 named filtersand 2 named layouts
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When the Visualization view is opened, the first level of layouts and filtersis expanded. To expand or collapse the
visualizations manually use the "Expand.." and "Collapse.." buttonsin the tool bar of the view. Additiona filters
and layouts may be imported from afile by choosing "Import" from the context menu. To export all visualizations
listed inthe Visualization view choose "Export" from the context menu. Exported visuaizationsare stored in afile
which can be imported into another Eclipse installation or shared in the project's team repository. Visualizations
can be applied either by double clicking on the name of the visualization or by choosing "Apply Item" from the
context menu of a visualization. Other actions on visualizations are Delete and Rename by choosing the corre-
sponding context menu entries.

Three top-level categories are available in the visualization view. These are Filters, Table Layouts and Tree Lay-
outs. The corresponding items can only be created in the editors. See the section called “ Table Editing Page”, the
section called “Tree Editing Page” and Section 6.8, “Filtering Models’ for information on it. Tree Layouts can
only be applied to Editors Tree Viewers, Table Layoutsto Editors Table Viewers and Filtersto al pure::variants
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Search View

Model Editors. Note that some filters may not work as expected on different models. For example aVariant Model
Filter, filtering on selections will not work for a Feature Model Editor.

Additionally the layout and filter items may be organized within categories. Layouts or filters, created once appear
at first directly below their top-level category. The view allows to create a category by choosing " Create Catego-
ry..." from the context menu on a parent Category. The context menu provides an action "Move To" on an item
selection, which allows to move it to any desired category.

7.4.3. Search View

Feature and Family Models can be searched using the Variant Search dialog. The Variant Search view shows the
result of this search and is opened automatically when the search is started. The search results are listed in atable
or in atree representation.

The tree representation structures the search results in a simple tree. The first level of the tree lists the models
containing matches. On the second level the matched elements are listed. The next levelsfinally list the matched
attributes, attribute values, restrictions, and constraints.

Figure7.25. Variant Search View (Tree)
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Behind every element in the tree that is a root element of a sub-tree the number of matches in this sub-tree is
shown. Double-clicking on an item in the tree opens the corresponding model in an editor with the corresponding
match selected. The search results can be sorted a phabetically using the button " Sort by aphabet” in the tool bar
of the Search view.

By pressing button " Switch to Table" the table representation of the seach results is enabled. The table shows the
matched model items in aflat list. Double-clicking on an item in the list opens the corresponding model in an
editor with the corresponding match selected. The search results can be sorted a phabetically by clicking on the
"Label" column title.

Figure 7.26. Variant Search View (Table)
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A search result history is shown when the button "Show Previous Searches' in the tool bar of the search view is
pressed. With this history previous search results can be easily restored. The history can be cleared by choosing
"Clear History" from the " Show Previous Searches" drop down menu. Single history entries can be removed using
the "Remove" button in the Previous Searches dialog.
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Note

The history for many consecutive searches with alot of results may lead to high memory consumption.
In this case clear the whole history or remove single history entries using the Previous Searches dial og.

A new search can be started by clicking on button " Start new Search".

For more information about how to search in models using the Variant Search see Section 6.7, “Searching in
Models’.

7.4.4. Outline View

The Outline view shows information about a model and allows navigation around a model. The outline view for
some models has additional capabilities. These are documented in the section for the associated model editor.

7.4.5. Problem View/Task View
pure::variants uses the standard Eclipse Problems View to indicate problemsin models. If more than one element

is causing a problem, clicking on the problem selects the first element in the editor. For some problems a Quick
Fix (see context menu of task list entry) may be available.

7.4.6. Properties View

pure::variants uses the standard Eclipse Properties View. This view shows important information about the se-
lected object and allows editing of most property values. To open the view chose menu Window->Show View-
>Properties.

Figure 7.27. Propertiesview for afeature
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Figure 7.27, “Properties view for afeature” shows the properties view after a feature was selected in the Feature
Model Editor. At the left side there are selectable tabs, each containing a set of properties that logically belong
together. Usually, tabs General and Description are shown. The middle area of the properties view presents the
properties for the active tab.

The properties view depends on the selection in the workbench made by the user. For instance, selecting afamily
element like a component allows to edit unique and visible names, whereas for a selected relation the type and
the relation targets can be changed in the General tab. At the moment, general properties of elements, relations,
attributes, attribute values and restrictions can be modified and each of them can have descriptions given in the
Description tab (see Figure 7.28, “ Description tab in Properties view for arelation”).

Figure 7.28. Description tab in Propertiesview for arelation
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Relations View

Propertiesthat are edited won't be applied until the edited field losestheinput focus or the ENTER key is pressed.
That allows you to discard the current change in atext field with the ESCAPE key if you like.

If a VDM Editor is active in the workbench and an attribute of the variant is selected then the properties view
allows to define the value of the attribute for that variant.

Figure 7.29. Propertiesview for avariant attribute
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For the visible name of features and family elements as well as for descriptions it is possible to specify text in
different languages. See Section 6.11, “Using Multiple Languagesin Models’ for moreinformation about language
support. For formatted text editing of descriptions see Section 7.5.1, “Common Properties Page”.

7.4.7. Relations View

The Relations view showsthe relations of the currently selected element (feature/component/part/source element)
to other elements. The relations shown in the view are gathered from different locations. The basic locations are:

Model Structure From the model structure, the relations view gathers information about the parent
and child elements of an element.

Element Relations From the relations defined on an element, the relations view gathers information
about the elements depending on the selected element according to the defined rela-
tions. Related elements can be elements from the same model or from other models.
If arelation to an element of another model cannot be resolved, it may be necessary
to explicitly open the other model to let the relations view resolve the element.

Restrictions From the restrictions defined on an element or on arelation, property, or property
value of the element, the relations view gathers information about the elements ref-
erenced in these restrictions. According to the language used to formulate the re-
gtriction, i.e. pvProlog or pvSCL, the relations view shows the referenced elements
below the entry "Prolog Script” or "Simple Constraint Language”.

Constraints From the constraints defined on an element, the relations view gathers information
about the elements referenced in these constraints. According to the language used
to formulate the constraint, i.e. pvProlog or pvSCL, the relations view showsthe ref-
erenced elements below the entry "Prolog Script” or "Simple Constraint Language”.

Element Properties From the properties of an element, the relations view gathers information about
mapped features. For this purpose there must be a property with the value type
"ps.feature”. Mapped features can be elements from the same model or from other
models. If the mapped feature is an element of another model, it may be necessary
to explicitly open the other model to let the relations view resolve the element.

Therelations view can be extended to view other rel ations than the basic rel ations described above. Please see the
pure::variants Extensibility Guide for more information about extending the relations view.

Double-clicking on arelated element shown in the Relations View selects that element in the editor. The small
arrow in the lower part of the relation icon shows the direction of the relation. This arrow always points from

the relation source to the relation destination. For some relations the default icon — is shown. The number in
parentheses shown after an element's name is the count of child relations. So, in the figure below the element has
onerequires relation indicated by (1).
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Figure 7.30. Relations view (different layouts) for feature
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The Relations view is available in four different layout styles: two tree styles combined with two table styles.
These styles are accessed viaicons or amenu on the Relations view toolbar.

The relations view supports filtering based on relation types. To filter the view use the Filter Types menu item
from the menu accessible by clicking on the down arrow icon in the view's toolbar.

Attribute values of type "ps.url" are shown aslinksto external documentsin therelationsview. A double-click on
the appropriate entry opens the assigned system application for the referenced URL .

7.4.8. Result View

Theresult view showsthe resultsof model evaluation after aselection check hasbeen performed. It listsall selected
feature and Family Model elements representing the given variant.

The result view also provides a special operation mode where, instead of a result, the difference (delta) between
two results are shown, similar to the model compare capability for Feature and Family Models.

Toolbar icons allow the view to be shown as atree or table ( & ), allow the sort direction to be changed (1% ),
and control activation/deactivation of the result deltamode ( & ).

Filtering isavailablefor thelinear (tablelike) view, (37 ). The Model Visibility item in the result view menu (third
button from right in toolbar) permits selection of the modelsto be shown in the result view.

The result view displays aresult corresponding to the currently selected VDM. If no VDM is selected, the result
view will be empty. The result view is automatically updated whenever aVDM is evaluated.

109



Result View

Result Delta Mode

Figure 7.31. Result View
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The result delta mode is enabled with the plus-minus button (% ) in the result view's toolbar. In this mode the
view displays the difference between the current evaluation result and a reference result - either the result of the
previous evaluation (default) or an evaluation result set by the user as a fixed reference . In the first case, the
reference result is updated after each evaluation to become the current evaluation result. The delta is therefore
always calculated from the last two evaluation results. In the second case the reference result does not change. All
deltas show the difference between the current result and the fixed reference result.

The fixed reference can be either set to the current result or can be loaded from a previously saved variant result
(a.vrmfile). The reference result is set from the result view menu (third button from right in toolbar). To set a
fixed result as reference use Set current result as reference. To load the reference from a file use Load reference
result fromfile. To activate the default mode use Rel ease reference result. The Switch Delta Mode submenu allows
the level of delta details shown to be set by the user.
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Variant Projects View

Figure 7.32. Result View in Delta Mode
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Iconsare used to indicateif an element, attribute or relation was changed, added or removed. A plus sign indicates
that the marked item is only present in the current result. A minus sign indicates that the item is only present in
the referenceresult. A dot sign indicatesthat the item contains changesin its properties or its child el ements. Both
old and new values are shown for changed attribute values (left hand side is new, right hand side is old).

7.4.9. Variant Projects View

TheVariant Projects View (upper left partin Figure 7.33, “ The Variant Projects View") shows all variant manage-
ment projects in the current workspace. Projects and folders or modelsin the projects can be opened in atree-like
representation. Wizards available from the project's context menu allow the creation of Feature Models, Family
Models, and Configuration Spaces. Double-clicking on an existing model opens the model editor, usually shown
in the upper right part of the perspective. In Figure 7.33, “The Variant Projects View” one editor is shown for a
variant description model with some features selected.
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Model Properties

Figure 7.33. The Variant Projects View
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7.5. Model Properties

pure::variants models have a set of properties. Each model has at least a name. Optionally it can have an author,
version, description, and a set of custom properties. Model properties are set by right-clicking on a model in the
Variant Projectsview and choosing Properties from the context menu. Depending on the kind of model and the
registered extensions, several property pages are available.

7.5.1. Common Properties Page
The common properties are provided on the M odel page (see Figure 7.34, “Feature Model Properties Page”).

The common properties of all models are the name, author, version, and description of the model. Additionally
the description type can be changed. Available types are plain text and HTML text. Models created with aversion
lower than 3.0 of pure::variants usually have the plain text type. Setting to HTML text description type allowsto
format descriptionswith styleslikebold anditalic or with text align likeleft, center and right (seeagain Figure 7.34,
“Feature Model Properties Page”). For a full set of HTML formatting possibilities open the extended HTML

description dialog by pressingthe  button in the tool bar of the description field.
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General Properties Page

Figure 7.34. Feature M odel Properties Page
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7.5.2. General Properties Page

Custom model properties are defined on the Gener al Properties page (see Figure 7.35, “ General Model Properties
Page”).

Figure 7.35. General Model Properties Page
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For each property a name, type, and value has to be specified. Optionally a description can be provided.

New properties are added by clicking on button Add or by double-clicking in the first empty row of the table.
Additional attribute values can be added by selecting the property and then clicking on button Add value. To
remove a value select it and click on button Remove value. A whole property can be removed by selecting the
attribute and clicking on button Remove.

As for element attributes, model properties can also have alist type by smply adding square brackets ("[]") to
the type name, e.g. ps.string[], ps:integer(].
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Inheritance Page

Special model properties, like the name, author, version, and description of the model usually configured on other

model property pages, are hot shown in the General Propertieslist. To include these propertiesin the list, check
option "Include invisible propertiesin list".

7.5.3. Inheritance Page

Thelnheritance pageisonly availablefor VDMs. It is used to select the models from which aVDM inherits (see
Figure 7.36, “Variant Description Model Inheritance Page”).

Figure 7.36. Variant Description Model Inheritance Page
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The |eft table shows the models which can be inherited. To avoid inheritance cycles models inheriting from the

current model are greyed out and can not be inherited. The right table shows the models from which the current
model inherits.

Models can be selected from the current Configuration Space, the current project, and referenced projects. See
Section 5.7, “Inheritance of Variant Descriptions’ for more information on variant description model inheritance.
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Chapter 8. Additional pure::variants Plug-ins

The features offered by pure::variants may be further extended by the incorporation of additional software plug-
ins. A plug-in may just contribute to the Graphical User Interface or it may extend or provide other functionality.
For instance a plug-in could add a new editor tab for model editors or a new view. The online version of this
user guide contains documentation for additional plug-ins. Printable documentation for the additional plug-in is
distributed with the plug-ins and can be accessed from the online documentation via a hyperlink.

Currently available plugins provide TWiki functionality for model elements, Bugzillaintegration, synchronization
with Borland CaliberRM, and much more.

8.1. Installation of Additional Plug-ins
Additional pure::variants plug-ins are distributed and installed in several ways:

* Installation froman Update Site Installation viathe Eclipse update mechanism is aconvenient way of installing
and updating pure::variants plug-insfrom an I nternet site. Seetask "Updating features with the update manager"
resp. "Updating and installing software" in the Eclipse Workbench User Guide for detailed information on the
Eclipse update mechanism (menu Help -> Help Contents and then Workbench User Guide->Tasks).

The location of the site depends on the pure::variants product variant. Visit the pure-systems web site (http://
www.pure-systems.com/pv) or read your registration e-mail to find out which site is relevant for the version
of the software your are using. Open the page in your browser to get information on how to use update sites
with Eclipse 3.5.

» Archived Update Ste pure::variants uses also the format of archived update sites, distributed as ZIP files, for
offline installation into an existing Eclipse installation.

Archived update sites are available for download from the pure::variants internet update site. The location
of the site depends on the pure::variants product variant. Visit the pure-systems web site (http://www.pure-
systems.com/pv) or read your registration e-mail to find out which siteisrelevant for the version of the software
your are using. Open the page in your browser to get additional information on how to use update sites with
Eclipse 3.5. pure::variants archived update site file names start with updatesite followed by an identification of
the contents of the update site. The installation processis similar to the internet update site installation.
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Chapter 9. Reference

9.1. Element Attribute Types

Table9.1. Supported Attribute Types

Attribute Type Description Allowed Values
ps:string any kind of unspecified text any
ps:path path to afilein afile system any
ps:float floating point number avalid floating point number
ps:boolean boolean value true andfal se
ps:url an URL or URI any
ps: html HTML code any
ps: datetime date and time (e.g. any
in 1S0 8601 format)
ps:filetype file type identifier def , i npl , ni sc, app, undef i ned
ps:insertionmode value type of source el- before and af t er
ement type ps:fragment
ps: element feature or family mod- any
el element reference
ps:directory path to adirectory in afile system any
ps:integer integer number avalid integer number
ps:feature feature reference avalidid of afeature
ps:class ps: class source element reference avdidid of aps:.class

source element

9.2. Element Relation Types

Relations can be defined between the element containing the relation on one side and all other elements of the
same or other models on the other side. In the following table the defining element is the element on which the
relation is defined. EL isthelist of related elements.

Table 9.2. Supported relations between elements (1)

Relation Description
ps:requires(EL) At least one element in EL hasto be selected if the defining element is selected.
ps:requiresAll(EL) All elementsin EL have to be selected if the defining element is selected.
ps:requiredFor(EL) If at least one element in EL is selected, then the defining element has to be

selected.

ps:requiredForAll(EL)

If al elementsin EL are selected, then the defining element has to be selected.

ps: conditional Requires(EL)

Similar to ps:requires, but the relation is considered only for elements whose
parent element is selected.

ps: recommends(EL)

Like ps:requires, but not treated as error if not complied.

ps:recommendsAll(EL)

Like ps:requiresAll, but not treated as error if not complied.

ps: supports(EL)

Like ps:provides, but not treated as error if not complied.

ps:recommendedFor (EL)

Like ps:requiredFor, but not treated as error if not complied.

ps: recommendedForAll (EL)

Like ps:requiredForAll, but not treated as error if not complied.
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Element Relation Types

Relation

Description

ps:conflicts(EL)

If all element in EL are selected, then the defining element must not be selected.

ps: conflictsAny(EL)

If any element in EL is selected, then the defining element must not be sel ected.

ps:discourages(EL)

Like ps:conflicts, but not treated as error if not complied.

ps. discouragesAny(EL)

Like ps:conflictsAny, but not treated as error if not complied.

ps:influences(EL)

The elementsin EL are influenced in some way by the selection of the defining
element. The interpretation of the influenceis up to the user.

ps:provides(EL)

The"inverse" relation to ps:requires. For all selected elementsin EL at least one
defining element has to be selected.

Table 9.3. Supported Relations between Elements (1)

Relation

Description

Usefor

Partner relation

ps: exclusiveProvider (id)

In a valid configuration at most
one exclusiveProvider or one set
of sharedProvider for a given id
is alowed. Thus, the relation de-
fines a mutual exclusion relation
between elements.

Concurrent implemen-
tations for an abstract
concept.

ps: requestsProvider

ps: sharedProvider(id)

In a valid configuration at most
one exclusiveProvider or one set
of sharedProvider for a given id
is alowed. Thus, the relation de-
fines a mutual exclusion relation
between elements.

Shared  implementa
tions for an abstract
concept.

ps:requestsProvider

ps:requestsProvider (id)

In a valid configuration for each
requestsProvider with the giv-
en id there must be an exclu-
siveProvider or any number of
sharedProvider with the same id.
There may be any number of re-
questsProvider relations for the
sameid.

Request existence of an
abstract concept.

ps: exclusiveProvider

ps: expansionProvider (id)

In a valid configuration at most
one expansionProvider for a giv-
en id is allowed. Thus, the rela-
tion definesamutual exclusion re-
lation between elements.

Provides  mechanism
for implementing varia-
tion points with default
solution.

ps:defaultProvider

ps:defaultProvider(id)

If an element marked as ex-
pansionProvider is additionaly
marked as defaultProvider for
the same given id and there
is more than one possible ele-
ment claiming to be an expan-
sionProvider for this id, then
all defaultProvider are exclud-
ed. If there are more than one
defaultProvider selected and no
non-defaultProvider selected, one
defaultProvider must be chosen
manually.

Provides mechanism
for implementing varia-
tion points with default
solution.

ps: expansi onProvider
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Element Variation Types

9.3. Element Variation Types

Table 9.4. Element variation types and itsicons

Short name |Variation Type Description Icon

mandatory ps:mandatory |A mandatory element isimplicitly selected if its parent element isse-| 1

lected.
optional ps.optional | Optiona elements are selected independently. 7
aternative ps.alternative |Alternative elementsareorganized in groups. Exactly oneelementhas|
to be selected from agroup if the parent element is selected (although
this can be changed using range expressions). pure::variants allows
only one ps:alternative group for the same parent element.
or ps.or Or elements are organized in groups. At least one element has to be|
selected from a group if the parent element is selected (although this
can be changed using range expressions). pure;:variants allows only
one ps.or group for the same parent element.
9.4. Element Selection Types
Table 9.5. Types of element selections
Type Description Icon
User Explicitly selected by the user. Auto resolver will never change the selection state| ]
of auser selected element.

Autoresolved | Anelement selected by the auto resolver to correct problemsintheelement selection.| .-
Auto resolver may change the state of an auto resolved element but does not deselect
these elements when the user changes an element selection state.

Mapped The auto resolver detected a valid feature-mapping request for thisfeaturein afea-| .-
ture map and in turn selected the feature. The feature mapping selection state is au-
tomatically changed/rechecked when the user changes the element selection.

Implicit All elements from the root to any selected element and mandatory elements below| .-
aselected element are implicitly selected if not selected otherwise.

Excluded The user may exclude an element from the selection process (via a context menu).|
When the selection of an excluded or any child element of an excluded element is
required, an error message is shown.

Auto Excluded |An element excluded by the auto resolver to correct conflicts. When the selection| @
of an excluded or any child element of an excluded element is required, an error
message is shown.

Non-Selectable |For a specific element selection the auto resolver may recognize elements as non-| 7
selectable. This means, selection of these elements always resultsin an invalid ele-
ment selection. For other element selections these elements may not non-selectable.

9.5. Predefined Source Element Types
Table 9.6. Predefined sour ce element types
Source Type Description Icon
ps.dir Maps directly to a directory.
ps:file Maps directly to afile.
ps:fragment Represents a file fragment to be appended to another file. 5
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aSourceElementType

Source Type Description Icon
ps:transform Describesan XSLT script transformation of a document. Ei
ps: condxml Maps directly to an XML document containing variation points (conditional parts). | [s)
ps: condtext Maps directly to atext document containing variation points (conditional parts). 5
ps:flagfile Represents afile that can hold flags such as a C/C++ header file containing prepro-| [s)
cessor defines.
ps: makefile Represents a make (build) file such as GNU make files containing make file vari-| [g
ables.
ps.classaliasfile | Represents a file containing an dias e.g. for a C++ class that can be concurrently | [5)
used in the same place in the class hierarchy.
ps:symlink Maps directly to asymboalic link to afile. E|

The following sections provide detailed descriptions of the family model source element types that are relevant
for the standard transformation (see Section 6.3.2, “ Standard Transformation”).

All file-related source element types derived from element type ps.destfile specify the location of a file using
the two attributes di r and fi | e. Using the standard transformation the corresponding file is copied from <Con\
fi gSpacel nput Di r>/ <di r>/ <f i | e> t0 <Conf i gSpaceCut put Di r >/ <di r >/ <fi | e>. Source element types derived
from ps:srcdestfile optionally can specify a different source file location using the attributessr cdi r andsrcfile.
If one or both of these attributes are not used, the values from di r and fi | e are used instead. The source file
location is relative to the <Conf i gSpacel nput Di r >,

Every description has the following form:

9.5.1. aSourceElementType

Attributes: attributeNanel [typeNamel]
attributeName2? [typeName2)

The source element type aSour ceEl enent Type has one mandatory attribute named at t ri but eNane1 and an op-
tional attribute named at t ri but eNanme2. The option isindicated by the trailing question mark.

9.5.2. ps:dir

Attributes: dir [ps:.directory]
srcdir? [ps.directory]

This source element type is used to copy a directory from the source location to the destination location. All
included subdirectories will also copied. The optional attribute sr cdi r ist used for directories that are located in
adifferent place in the source hierarchy and/or have a different name.

9.5.3. ps:file

Attributes: dir [ps.directory]
file [ps:path]
type [ps:filetype]
srcdir? [ps.directory]
srcfile? [ps:path]

This source element type is used for files that are used without modification. The source file is copied from the
source location to the destination location. The optional attributessrcdi r and srcfil e are used for filesthat are
located in a different place in the source hierarchy and/or have a different source file name.

The value of attribute t ype should be def or i npl when the file contains definitions (e.g. a C/C++ Header) or
implementations. For most other files the type ni sc is appropriate.
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ps:.fragment

Type Description
i mpl Thistypeis used for files containing an implementation, e.g. .cc or .cpp files
def This typeis used for files containing declarations, e.g. C++ header files. In the context of

ps:classalias calculations this information is used to determine the include files required
for agiven class.

msc Thistypeisused for any file that does not fit into the other categories.
app Thistypeisused for the main application file.
undef i ned Thistypeisfor files for which no special meaning and/or action is defined.

9.5.4. ps:fragment

Attributes: dir [ps.directory]
file [ps:path]
type [ps:filetype]
srcdir? [ps.directory]
srcfile? [pspath]
node [ps:insertionmode]
content ? [ps:string]

This source element type is used to append text or another file to afile. The content is taken either from afile if
srcdir andsrcfilearegiven, or fromastring if cont ent isgiven. The attribute mode is used to specify the point
at which this content is appended to the file, i.e. bef ore or af t er the child parts of the current node's parent part
arevisited. The default valueis bef ore.

9.5.5. ps:transform

Attributes: dir [ps.directory]
file [ps.path]
type [ps:filetype]
srcdir? [ps.directory]
srcfile? [ps.path]
scriptdir [ps.directory]
scriptfile [ps:path]
[scriptparaneters] ? [ps.string]

The source element type is used to transform a document using an XSLT script and to save the transformation
output to a file. The document to transform is searched in <Conf i gSpacel nput Di r >/<sr cdi r >/<srcfil e>. The
transformation output is written to <Conf i gSpaceQut put Di r >/<di r >/<f i | e>. <Conf i gSpacel nput Di r >/<scri pt\
di r>/<scriptfil e> specifiesthe location of the XSLT script to use. Any other attributes are interpreted as script
parameters and are accessible as global script parameters in the XSLT script initialized with the corresponding
attribute values.

9.5.6. ps:condxml

Attributes: dir [ps.directory]
file [ps:path]
type [ps:filetype]
srcdir? [ps.directory]
srcfile? [ps:path]
condi ti onnane? [ps:string]
copycondi ti on? [ps:boolean]

This source element type is used to copy an XML document and optionally to save the copy to afile. Specia
conditional attributes on the nodes of the XML document are dynamically evaluated to decide whether this node
(and its subnodes) are copied into the result document. The name of the evaluated condition attribute is specified
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ps:condxml

using the attribute condi t i onnarme and defaults to condition. If the attribute copycondi ti on isnot set to false, the
condition attribute is copied into the target document as well.

Note

Beforepure::variantsrelease 1.2.4 the attribute namespv. copy_condi ti on andpv. condi ti on_nane were
used. These attributes are till supported in existing models but should not be used for new models.
Support for these attribute names has been removed in pure::variants release 1.4.

The condition itself has to be avalid XPath expression and may usethe XSLT extension functions defined in the
following namespaces. Calls to these functions have to be prefixed by the given namespace prefix followed by

acolon (":"), e.g. pv: hasFeature(' F').

Table9.7. Registered XSLT Extensions

Namespace Pr efix Namespace
pv http://www.pure-systems.com/purevariants
pvpath http://www.pure-systems.com/path
pvstring http://www.pure-systems.com/string
xmits http://www.pure-systems.com/xmlts
dynamic http://exslt.org/dynamic
math http://exslt.org/math
sets http://exslt.org/sets
strings http://exslt.org/strings
datetime http://exdlt.org/dates-and-times
common http://exslt.org/common
crypto http://exdlt.org/crypto

For a description of the pure::variants XSLT extension functions see Table 9.17, “Extension functions providing
model information”. For a description of the EXSLT extension functions see http://www.exslt.org.

In the example document given below after processing with an ps:condxml transformation, the resulting XML
document only contains an introductory chapter if the corresponding feature w t hi nt r oduct i on is selected.

Example 9.1. A sample conditional document
for use with the ps.condxml transfor mation

<?xm version='"1.0"?>
<t ext >
<chapt er conditi on="pv: hasFeature(' Wthl ntroduction')">
This is sonme introductory text.
</ chapt er >
<chapt er >
This text is always in the resulting xm output.
</ chapt er >
</t ext>

A special XML nodeis supported for calculating and inserting the value of an X Path expression. The name of this
nodeispv: val ue- of (Nnamespace"pv" isdefined as"http://www.pure-systems.com/purevariants"). Theexpression
to evaluate has to be given in the attribute sel ect . The pv: val ue- of nodeis replaced by the calculated value in
the result document.
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ps:condtext

Example 9.2. Example use of pv:value-of

Sour ce docunent :

<?xm version="1.0'?>
<versi on xm ns: pv="http://ww. pur e- syst ens. coni pur evari ants">

<pv: val ue- of select="pv:getAttributeVal ue(' Version','ps:feature','version')"/>
</ ver si on>

Resul t docunent :

<?xm version="1.0"?>

<versi on xm ns: pv="http://ww. pur e- syst ens. conl pur evari ants">
1.0

</ ver si on>

9.5.7. ps:condtext

Attributes: dir [ps:.directory]
file [ps:path]
type [ps:filetype]
srcdir? [ps.directory]
srcfile? [ps:path]

Thissource element typeisused to copy atext document and optionally to savethe copy to afile. Special statements
in the text document are eval uated to decide which parts of the text document are copied into the result document,
or to insert additional text.

The statements (macro-like calls) that can be used in the text document are listed in the following table.

Macro Description

PV: | FCOND( condition) Open anew conditional text block. Thetext in the block isincluded in the result-
PV: | FOONDLN( condiition) ing text output if the given condition evaluates to true. The opened conditional
text block has to be closed by a Pv: ENDCOND call.

PV: ELSEI FCOND( condition) | Thismacro can be used after apv: | FCOND or Pv: ELSEI FCOND call. If the condition
of the preceding Pv: | FCOND or Pv: ELSEI FCOND is failed, the condition of this
PV: ELSEI FCOND is checked. If it evaluates to true, the enclosed text is included
in the resulting text output.

PV: ELSEI FCONDLN( condition)

PV: ELSECOND This macro can be used after a Pv: | FCOND or Pv: ELSEI FCOND call. If the condi-
tion of the preceding Pv: | FCOND or PV: ELSEI FCOND isfailed, the enclosed text is
included in the resulting text outpuit.

PV: ELSECONDLN

PV: ENDCOND Close a conditional text block. This macro is allowed after a Pv: | FCOND,
PV: ENDCONDLN PV: ELSEI FCOND, Or PV: ENDCOND call.
PV: EVAL( expression) Evaluate the given expression and insert the expression valueinto the result doc-

PV: EVALLN( expression)  |ument.

These macros can occur everywhere in the text document and are directly matched, i.e. independently of the
surrounding text. The conditions of Pv: | FCOND and Pv: ELSEI FCOND and the expression of Pv: EVAL are the same
as the conditions described for source element type ps:condxml (see Section 9.5.6, “ps:.condxml” for details).

Conditional text blocks can be nested. That means, that a Pv: | FCOND block can contain another pv: | FCOND block
defining a nested conditional text block that is evaluated only if the surrounding text block is included in the
resulting text output.

For each macro a version with suffix LN exists, i.e. PV:1FCONDLN, PV: ELSEI FCONDLN, PV: ELSECONDLN,
PV: ENDCONDLN, and PV: EVALLN. These macros affect the whole line and are only allowed if there is no other macro
call in the sameline. All characters before and behind such a macro call are removed from theline. It is alowed
to mix macros with and without suffix LN, e.g. Pv: | FCONDLN can be followed by Pv: ENDCOND and PV: | FCOND by
PV: ENDCONDLN.

123




ps:flagfile

In the example document given below after processing with an ps: condtext transformation, the resulting text doc-
ument only contains an introductory chapter if the corresponding feature W t hi nt r oduct i on is selected.

Example 9.3. A sample conditional document
for use with the ps.condtext transformation

PV: | FCOND( pv: hasFeat ure(' Wt hl ntroduction'))
This text is in the resulting text output
if feature Wthlntroduction is sel ected
PV: ELSECOND
This text is in the resulting text output
if feature Wthlntroduction is not sel ected
PV: ENDCOND
This text is always in the resulting text output.

9.5.8. ps:flagfile

Attributes: dir [ps.directory]
file [ps:path]
type [ps:filetype]
flag [ps.string]

This source element typeis used to generate C/C++-Header files containing #def i ne <fl ag> <f| agVval ue> state-
ments. The <f | agval ue> part of these statementsisthe value of the attribute val ue of the parent part element. The
name of the flag is specified by the attribute f | ag. See the section called “Providing Vaues for Part Elements”
for more details. The same file location can be used in more than one ps:fladfile definition to include multiple
#def i ne statementsin asinglefile.

Example 9.4. Generated code for a ps:flagfile for flag" DEFAULT" with value™ 1"

#i f ndef __guar d_DEBUG
#defi ne __ guar d_DEBUG
#undef DEBUG

#defi ne DEBUG 1
#endi f

9.5.9. ps:makefile

Attributes: dir [ps:.directory]
file [ps:path]
type [ps:filetype]
vari abl e [ps:string]
set? [ps:boolean]
makesyst en? [ps.makesystentype]

This source element typeis used to generate makefile variablesusing a<vari abl e> += ' <var Val ue>' Statement.
The <var val ue> part of the statement is the value of the attribute val ue of the parent part element. The name of
the variable is specified by the attribute vari abl e. See the section called “Providing Values for Part Elements’
for more details. The attribute set definesif the variable is set to the value (true) or if the variable is extended by
the value (false). The generated code is compatible with the gmake system. To generate code for a different make
system the attribute makesyst emcan be used. The same file location can be used for more than one ps: makefile
element to include multiple makefile variablesin asingle file.

Example 9.5. Generated code for a ps.makefile for
variable" CXX_OPTFLAGS" with value"-06"

‘ CXX_OPTFLAGS += " - 06"

9.5.10. ps:classaliasfile

Attributes: dir [ps:.directory]
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file [ps:path]
type [ps:filetype]
alias [ps:string]

This source element typeis used to support different classes with different names that are concurrently used in the
sameplaceinthe classhierarchy. Thistransformation is C/C++ specific and can be used as an efficient replacement
for templatesin some cases. Thisdefinition isonly used in conjunction with the part type ps:classalias. A t ypedef

aliasVal ue alias; statement is generated by the standard transformation for this element type. al i asVal ue is
the value of the attribute Value of the parent part element. Furthermore, in the standard transformation the Variant
Result Model is searched for a class with name al i asVal ue and #i ncl ude statements are generated for each of
its ps:file source elements that have a type attribute with the value 'def'. If the alias name contains a namespace
prefix, corresponding namespace blocks are generated around the t ypedef statement.

Example 9.6. Generated code for a ps.classalias for
alias"io::net::PCConn" with aliased class" NoConn"

#i f ndef __PCConn_i ncl ude__

#define __ PCConn_i ncl ude__

#i ncl ude "C:\Weat her Station Exanpl e\ out put\ usr\wm src\ NoConn. h"
namespace i o {

namespace net {

t ypedef NoConn PCConn;

}

}
#endi f _ PCConn_i ncl ude__

9.5.11. ps:symlink

Attributes: dir [ps.directory]
file [ps:.path]
type [ps:filetype]
l'i nktarget [ps:string]

This source element type is used to create asymbolic link to afile or directory named <l i nkt ar get >.

Note

Symboalic links are not supported under Microsoft Windows operating systems. Instead files and direc-
tories are copied.

9.6. Predefined Part Element Types

Table 9.8. Predefined part types

Part type Description Icon

ps.class Maps directly to a class in an object-oriented programming language. G

ps.classalias |Different classes may be mapped to asingle class name. Value restrictions must ensure
that in every possible configuration only one classis assigned to the alias.

ps: object Maps directly to an object in an object-oriented programming language.

ps:variable |Describes a configuration variable name, usually evaluated in make files. The variable
can have avalue assigned.

@ 0 060 ©

ps:flag A synonym for ps:variable. This part type maps to a source code flag . A flag can be
undefined or can have an associated val uethat is cal culated at configuration time. ps:flag
isusually used in conjunction with the flagfile source element, which generates a C++-
preprocessor #def i ne <f | agNanme> <f | agVal ue> statement in the specified file.

ps:project | ps:project can be used asthe part type for anything that does not fit into other part types.| @
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aPartElementType

Part type Description Icon
ps: aspect Maps directly to an aspect in an aspect-oriented language (e.g. Aspect] or AspectC++).|
ps:-feature |Mapsdirectly to afeaturein a Feature Model. (F]
ps:value General abstraction of avalue. @
ps:method |Mapsdirectly to amethod of aclassin an object-oriented programming language. &
ps.function | Describes the declaration of afunction. &
ps:functionimpl | Describes the implementation of a function. &
ps.operator | Maps directly to a programming language operator or operator function. &
ps:link General abstraction for alink. This could be for instance awww link or file systemlink.| g

The following sections provide detailed descriptions of the family model part element types that are relevant for
the standard transformation (see Section 6.3.2, “ Standard Transformation”).

Every description has the following form:

9.6.1. aPartElementType

Attributes: attributeNamel [typeNamel]
attribut eName2? [typeName2]

The part element type aPar t El enent Type has one mandatory attribute named att ri but eNane1 and an optional
attribute named at t ri but eName2. The option isindicated by the trailing question mark.

9.6.2. ps:classalias
Attributes: Val ue [ps:string]

A class dlias is an abstract place holder for variant specific type instantiations. It allows to use concepts similar
to interface inheritance with virtual methods in C++ without any overhead. The corresponding source element
ps: cl assal i asfi | e can be used to generate the required C++ code. The unique name of the ps.classalias el ement
represents the class name to be used when creating or referencing to objects implementing this abstract interface.

The values of attribute val ue must evaluate to unique names of ps: cl ass elements. The value calculated during
evaluation is used to locate the implementation class for the abstract class dlias.

For more information and an example see Section 9.5.10, “ ps:classaliasfile”.

9.6.3. ps:class
Attributes: cl assnane? [ps.string]
A class represents a class in the architecture. It can be used in conjunction with ps: cl assal i as.

The value of the optional attribute cl assname represents the fully qualified name of the class (e.g. st d: : stri ng)
to be used when generating code using the standard transformation. Otherwise the unique name of the element
isused for this purpose.

For more information and an example on using ps: cl ass together with ps: cl assal i as see Section 9.5.10,
“ps.classaliasfile’.

9.6.4. ps:flag

Attributes: Val ue [ps:string]
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ps.variable

A flag represents any kind of named value, e.g. a C/C++ preprocessor constant. For the standard transformation
the value of attribute val ue is evaluated by ps: f1 agfi | e resp. ps: makefi | e source elements to generate C/C++
specific preprocessor definitions resp. make file variables.

For more information about the ps:flagfile and ps: makefile source element types see Section 9.5.8,
“ps:flagfile” and Section 9.5.9, “ps.makefile”.

9.6.5. ps:variable
Attributes: Val ue [ps.string]

A variablerepresentsany kind of named value, e.g. amakefile or programming language variable. For the standard
transformation the value of attribute val ue is evaluated by ps: f1 agfil e resp. ps: makef i | e source elements to
generate C/C++ specific preprocessor definitions resp. make file variables.

For more information about the ps:flagfile and ps: makefile source element types see Section 9.5.8,
“ps:flagfile” and Section 9.5.9, “ psimakefile”.

9.6.6. ps:feature
Attributes: fid [ps:feature]

This special part type is used to define features which have to be present if the part element is selected. If
pure::variants detects a selected part of type ps: f eat ur e, the current feature selection must contain the feature
with the id given as value of the attribute i d. Otherwise the result is not considered to be valid. The selection
problem Auto Resolver (if activated) triesto satisfy feature sel ections expected by ps: f eat ur e part elements. This
functionality does not depend on the use of any specific transformation modules.

9.7. Expression Language pvProlog

The pure::variants expression language pvProlog is a dialect of the Prolog programming language. However,
pvProlog expressions more closely resemble those in languages such as OCL and XPath, than expressions in
Prolog do. In most cases the provided logical operators and functions are sufficient to specify restrictions and
constraints. If more complicated computations have to be done, the full power of the underlying Prolog engine
can be used. See http://www.swi-prolog.org for more information on SWI-Prolog syntax and semantics.

Table 9.9. pvProlog Syntax (EBNF notation)

Expr = Func
| Unar yOpExpr
| OpExpr ' (' Expr ')’
QpExpr = Expr Bi nOp Expr
Unar yOpExpr = UnaryOp ' (' Expr ')’
Bi nOp = 'xor'
| "equivVv'
| 'and'
| "inplies'
| “or'
Unar yOp = '"not'
Func = FuncNanme ' (' Args ')’
Args = Argunent
| Args ',' Argunent
Ar gunent = String
| Number
String =Ly
Nunber S (-2 [0 (. [P0 -9 ]4)?
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Element References

a-'z]['a-'z'A-1Z2'0-9" "]*

FuncNane ="'

9.7.1. Element References

Most of the pvProlog functions require amodel element reference as argument. These element references haveto
be put in single quotes and have the following format.

Table 9.10. Element references

Format

M eaning

El ement Nanme

Model Name. El ement Nane

Refers to the element with the unique name El enent Nane. If no
model nameisgiven, then the element nameisresolved firstin the
model containing the pvProlog expression, thenin all other models
of the Configuration Space. Otherwise it is resolved in the model
with the name Mbdel Narre.

El enent 1 d

Model | d/ El emrent | d

Refers to the element with the unique id El ement | d. If no model
id isgiven, then the element is resolved first in the model contain-
ing the pvProlog expression, then in all other models of the con-
figuration space. Otherwise it is resolved in the model with theid
Model 1 d.

. El ement Nane

: Mbdel Nane. El enent Nane

Full qualified element reference. The element referenceisresolved
in the context of the top parent model.

El ement Nane: El enent Nane
Model Name. El enent Nane: El enent Nane
El enment Nane: Mbdel Nane. El enent Nare

Model Name. El enent Nane:
Mbdel Nane. El enent Nane

Qualified element name reference. The element reference is re-
solved in the context of the model containing the element refer-
ence.

El enent |1 d: El enent | d

Model | d/ El ement | d: El enent | d

Qualified element id reference. The element reference is resolved
first in the context of the top parent model. If it could not be re-
solved, it is resolved in the context of the model containing the
element reference.

El erent Nane[ 0]
Mbdel Nane. El enent Nane[ 3]
El ement Nane[ 42] : El enent Nane
El erent Nane[ 1] : Model Name. El enent Nane

Model Nane. El enent Nang[ 10] :
Mbdel Nane. El enent Nane

Anonymous context change. This syntax allows to reference ele-
mentsin the n-th linked model below aLink Element. Thisis use-
ful especially to reference elementsin variant collections.

par ent : El ement Name
par ent : Model Nare. El emrent Nane
par ent : par ent : El enent Nane

parent : parent: Model Nane. El ement Name

Parent context access. In a linked model, par ent resolves to the
parent context. The parent context isthe context of the parent mod-
e, i.e. the model that contains the link. If a model is not linked
by another model, then par ent isignored. par ent can only occur
at the beginning of a qualified element reference or directly after
another parent qualifier, and has to be followed by the context
operator ":".

Table 9.11. Examples

Example

Meaning

hasFeat ure(' Product1')

Check if element 'Productl’ is selected.

hasFeat ure(' Products. Product 2')

Check if element 'Productl’ of model 'Products’ is se-
lected.
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Logical Operators

Example

Meaning

hasFeat ur e(' Net wor k. Conputer: Office. Monitor')

Check if feature Monitor is selected in the linked model
Office.

hasFeat ur e(' Net wor k. Conput er [ 42] : Monitor"')

Check if feature Monitor is selected in the 42th linked
Computer model of model Network.

hasFeat ure
(' Net wor ks. Net wor k[ O] : Conput er[42] : Monitor")

Check if feature Monitor is selected in the 42th linked
Computer model of the first linked Network model of
model Networks.

hasFeat ur e(' parent: parent: Moni t or Support')

Check if feature MonitorSupport is selected in the par-
ent model of the parent model of the model containing
the element reference.

9.7.2. Logical Operators

Table 9.12. L ogical operatorsin pvProlog

Name/Symbol Association Type Description
xor right binary logical exclusive or
equi v none binary not(A xor B)
and left binary logical and
or left binary logical or
inmplies left binary logical implication

9.7.3. Supported Functions

The following abbreviations are used in this section:

Attribute name. This can be the name of an attribute or the full id path ( modell d/attributeld ).
Component/part/source id. This must be the full id path ( modelld/elementid ).

Component/part/source name. This can be the unique name of the component/part/source or

Element name (can point to any element type). This can be the unique name of the element or

AID Attributeid. The full id path of the attribute (modelld/attributel d).
AN
CID,PID,SID
CN,PN,SN

the full id path ( modelld/elementid ).
EN

the full element id path ( modelld/elementld ).
EID Element id. This must be the full id path ( modelld/elementid ).
EL Element id list. List of elements given asfull id paths ( modelld/elementld ).
FID Feature id. This must be the full feature id path ( modelld/featureld ).
FN

elld/featureld ).

Feature name. This can be the unique name of the feature or the full feature id path ( mod-

Table 9.13. Logical functionsin pvProlog

Function Description
true Alwaystrue
fal se Alwaysfalse

not ( EXP) Trueif Expisfalse
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Supported Functions

Table 9.14. Functionsfor value calculations, restrictions, and constraintsin pvProlog

Function

Description

i sEl ement ( El D)

Trueif the element with id eI Disfound in any model.

i sFam | yModel El enent ( El D)

Trueif the element with id El Disfound in afamily model.

i sFeat ur eMbdel El enent ( El D)

Trueif the element with id EID isfound in a Feature Model.

hasAttri but e( Al D)
hasAttri but e( EN, AN)
hasAttri but e( ET, EN, AN)
hasAttri but e( EC, ET, EN, AN)

These methods check the existence of a definition for the specified attribute.
Attribute isidentified by itsid (Al D), by the symbolic name of its associated
element and its symbolic name (EN, AN) or similarly by additionally specifying
the element type ET. To ensure correct operation of hasAttri but e variants
using symbolic names, symbolic element names EN must be unique inside the
Configuration Space or inside the element space of the Configuration Space
[(eT, EN), (EC, ET, EN)] and the symbolic attribute name AN must be unique
inside the attribute space of the element.

Note: Dueto the evaluation algorithm it is not supported to use one of these
functions in a restriction of an attribute to check the existence of the same
attribute. Instead the existence of the attribute should be checked in arestric-
tion on the associated element.

get Attri but e( Al D, VALUE)
get Attri but e( EN, AN, VALUE)
get Attri but e( ET, EN, AN, VALUE)

getAttribute
( EC, ET, EN, AN, VALUE)

These methods get or check the existence and value of the specified attribute.
Attribute isidentified by itsid (al D), by the symbolic name of its associated
element and its symbolic name (EN, AN), or similar by additionally specifying
the element type ET. When VALUE isaconstant, get At t ri but e checksthat the
attribute has the specified value. If VALUE is avariable, then subsequent rules
can access the attributes value using the specified variable name. To ensure
correct operation of hasAttribute variants using symbolic names, symbolic
element names EN must be unique inside the Configuration Space or inside
the element space of the Configuration Space [(ET, EN), (EC, ET, EN)] and the
symbolic attribute name (AN) must be unique inside the attribute space of the
element.

Note: Dueto the evaluation algorithm it is not supported to use one of these
functions in a restriction of an attribute to check the existence and value of
the same attribute. Instead the existence and value of the attribute should be
checked in arestriction on the associated element.

get At t ri but eName( Al D, ANAVE)

ANAME is unified with the attribute name of the attribute specified with Al D.

get Attri but eType( Al D, ATYPE)

ATYPE is unified with the meta-model attribute type of the attribute specified
with Al D.

get Attributel d( EN, AN, Al D)

Al D is unified with the ID of the attribute with the name AN on the element
with the unique name EN.

i sTrue( VALUE)

If VALUE is equal to the internal representation of the t rue value for an at-
tribute of type ps.boolean, it will evaluate to true.

Example usage in arestriction:

get Cont ext ( El D) and and

i sTrue(BV)

get Attri bute(El D, "' ABool ean', BV)

i sFal se( VALUE)

If VALUE isnot equal to theinternal representation of thet r ue value for an
attribute of type ps:boolean, it will evaluate to true.

get Cont ext ( El D)
get Sel f ( SELF)
get Cont ext ( El D, SELF)

These methods can be used to determine the restriction/cal culation context.
El D is bound to the unique id of the element that is the immediate ancestor
of the restriction or calculation. So, inside an attribute calculation it will be
bound to the id of the element containing the attribute definition. SELF isthe
unique id of the calculation/restriction itself.
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Supported Functions

Function

Description

Example: Access the attribute X of the same element in a calculation:

get Context (EI D), getAttribute(ElID, 'X , XVal ue)

get Vari ant Cont ext (VCl D, VCN)
get Vari ant Cont ext | d( VCI D)
get Vari ant Cont ext Name( VCN)

These methods are used to get the ID and name of the current variant context
element. This element marks a context change in the evaluation of a model
that links other models. Each linked model is evaluated in its own unique
context.

i sVariant (VN)

True if the currently evaluated variants unique id or name (VDM name, set
in model properties) equals VN.

Example usage in arestriction:
isVariant (' MyVariant')
Example usage in a calculation getting the variants uniqueid:

i sVari ant ( Val ue)

get Variant|d(M D)

M D is unified with the unique id of the VDM (.vdm) currently being evalu-
ated.

get Model Li st (M DL)

M DL isunified with thelist of all modelscurrently being evaluated. Thisgives
accessto ids of the Feature Models, Family Models and VDMsin the current
configuration space

get El ement Model ( El D, M D)

get El ement Model (M D)

M D is bound to the model id associated with the unique element id EI D. If
ElI Disnot given, the context element is used as El D.

get El ement Chi I\
dr en( El D, CEI DS)

cel bs isunified with thelist of children of the element specified with eI D or
an empty list if no children exist.

get El ement Par\
ent s( El D, PARI DS)

PARI DS is unified with the list of parents of the element specified by EI D or
an empty list if no parents exist.

get El ement Root ( EI D, ROOTI D)

ROOTI D is the root element for the element specified by EI D. For elements
with several root e ements only oneis chosen.

get El ement Nanme( El D, ENAME)

ENAME is unified with the unique name of the element specified with EI D.

get El ement Vi si bl e\
Name( El D, ENAVE)

ENAME is unified with the visible name of the element specified with El D.

get El ement O ass( El D, ECLASS)

ECLASS is unified with the type model element class of the element specified
with el D. The standard metamodel usesthe classes ps: feature, ps: component,
ps.part and ps:source.

get El ement Type( El D, ETYPE)

ETYPE is unified with the type model element type of the element specified
with EI D.

get Mat chi ngEl enent s
(Mat chExpr, MEI DS)

get Mat chi ngEl enent s
( CTXI D, Mat chExpr, MEI DS)

MEI DS is unified with alist of all the elements which comply with the speci-
fied match expression mat chExpr . The context of the match expression isthe
current element context (see get Cont ext ) unless CTxI D is used to specify a
different context.

Match expressions are explained below.

Example: Put all features below the current element with unique names start-
ing with FEA_Xin alist:

get Mat chi ngEl ement s(' **. FEA_X*', LI ST)

get Mat chi ngAttri butes
(Mat chExpr, El D, Al DS)

Al Ds is unified with all attributes of the element specified with the unique
id Bl D which match with the pattern in vat chExpr . The match pattern is the
same as for get Mat chi ngEl enent s, but it must not contain dot characters.
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Additional Functions for Variant Evaluation

Function Description
Match expressions are explained below.
subnodeCount These methods count the number of selected children of a given element.

( ECLASS, ENANE, COUNT)

subnodeCount
( ECLASS, ETYPE, ENANME, COUNT)

subnodeCount ( EI D, COUNT)

COUNT isbound to the number of selected child elements. Whether the element
itself is selected is not checked.

Example: A restriction checking whether three children of component X are
selected:

subnodeCount (' ps: component' ,' X', 3)

subf eat ur eCount ( FNAME, COUNT)

COUNT is bound to the number of selected child features of feature FNAME.
Convenience method for subnodeCount (' ps: feature', _, FNAVE, COUNT) .

si ngl eSubf eat ur e( FNAME)

True if feature FNAME has just a single child. Convenience method for
subnodeCount (' ps: feature', _, FNAME, 1) .

al ternativeChil d(FN, FN2)

user Message( TYPE, STRI NG
RELATEDEI DS, CONTEXTEI D)

True, if the feature FN has an alternative group and one of the aternative
features is in the current feature selection. FN2 is unified with the selected
aternative feature name.

I ssues a problem message to be shown, for example, in the Eclipse problems
view. TYPEisoneof {* error',"' warning'," i nfo' }. STRINGisthetext which
describes the problem. RELATEDEI DS is alist of elements with some relation
to the problem. CONTEXTEI Disthe id of the element that caused the problem.

Example:

user Message(' error',"' Sonet hi ng happened', [ REl D1, RElI D2] , MYEI D)

user Message
(TYPE, STRI NG, RELATEDEI DS)

I ssues a problem message as above but automatically setsthe current element
to be the context element.

war ni ngvsg
( STRI NG, RELATEDEI DS)

error Msg( STRI NG, RELATEDEI DS)
i nf oMsg( STRI NG, RELATEDEI DS)

Convenience methods for user Message, sets TYPE automatically.

war ni ngMsg( STRI NG
error Msg( STRI NG
i nf oMsg( STRI NG

Convenience methodsfor user Message, Set TYPE automatically and usesemp-
ty RELATEDEI DS list.

Example:

error Msg(' An unknown error occured')

9.7.4. Additional Functions for Variant Evaluation

Table 9.15. Additional functions available for variant evaluation

Function

Description

hasEl enent ( El D)
has( El D)

Trueif the element el Disin the variant. Fails silently otherwise.

If hasEl enent isused inside restrictions and constraints inside Feature M od-
els, the element identified by EI D has to be contained in models with higher
ranks.

If used in family models the element hasto be in Feature Models of the same
rank or in any model of higher rank.

hasFeat ur e( FN)

True if the feature FN is found in the current set of selected features. Fails
silently otherwise.
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Function Description
See hasEl enent
hasConponent ( CN) True if the component/part/source xN is found in the current set of selected
hasPart ( PN) components in the current component configuration. Fails silently otherwise.
hasSour ce(SN) SeehasEl enent . hasPart may aso refer to components from the same Fam-
ily Model. hasSour ce may also refer to parts from the same model.
get Al | Sel ect ed\ Binds| DL to contain all selected children and children of children below and
Chil dren(EI D, | DL) not including El D.

El D must be an element of a model with the same or higher rank when this
ruleis used in attribute calculations. El D must be an element of amodel with
higher rank when used in restrictions. In Family Model restrictions EI D can
aso be an element of a model with the same rank.

get Al | Chil dren(EID, | DL) Binds 1 DL to contain all children and children of children below and not in-
cluding EI D.

get Mat chi ngSel ect edEl e\ Similar to get Mat chi ngEl enent described above, but the list is unified only
ment s( Mat chExpr , MEI DS) with the elements which are in the current configuration.

get Mat chi ngSel ect edEl ement s
(CTXI D, MatchExpr, MEI DS)

sunBel ect edSubt r eeAt \ Calculates the numerical sum of all attributes with the name AN for all select-
tributes(El D, AN, Val ue) ed elements below element with id EI D not including the elements attributes
itself.

Seeget Al | Sel ect edChi | dren

checkM n( EN, AN, M ni mum) Checksif the value of attribute an of element ENisequal or greater than M n\
i rum M ni num has to be a number or the name of an attribute of EN with a
number as value.

Examples:
checkM n(' Car', ' Weel s', 4)

checkM n(' Car', ' Weel s',' M nNumhheel s')

checkMax( EN, AN, Maxi num Checksif thevalue of attribute AN of element ENisequal or lessthan Maxi mum
Maxi mumhas to be a number or the name of an attribute of EN with a number
asvalue.

Examples:
checkMax(' Hand',' Fingers', 10)

checkMax(' Hand' , ' Fi ngers',' MaxNunFi ngers')

checkRange Checksif the value of attribute AN of element ENis equal or greater than M n\
(EN, AN, M ni mum Maxi mum i mumand equal or less than Maxi mum M ni rumand Maxi mumhave to be num-
bers or names of attributes of EN with a number as value.

Examples:

checkRange(' Car',"' Speed', 0, 130)

checkRange(' Car', ' Speed', 0, ' MaxSpeed')

Additional functions can be specified using the ps: codel i b: pr ol og model property (see Section 9.7.8, “ User-De-
fined Prolog Functions”).
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Match Expression Syntax for getM atchingElements

9.7.5. Match Expression Syntax for getMatchingElements

The get Mat chi ngEl ement s rules use simple match expressions to specify the elements. A match expressionisa
string. Match expressions are eval uated rel ative to a given context or absolutely (i.e. starting from the root element
of the context element) when the expression'sfirst character isadot ' . ' . The expression is broken into individual
matching tokens by dots' . * .

Each token ismatched against all elements at the given tree position. Thefirst token is matched against al children
of the context or al children of the root element in the case of absolute paths. The second token is matched against
children of the elements which matched the first token and so on.

Tokens are matched against the unique names of elements.

The match pattern for each tokenisvery similar the Unix csh pattern matcher but is caseinsensitive, i.e. the pattern
v+ matches all names starting with small v or capital v. The following patterns are supported.

? Matches one arbitrary character.
* Matches any number of arbitrary characters.
[..] Matches one of the characters specified between the brackets. <charl>-<char2> indicates arange.

{..} Matches any of the patterns in the comma separated list between the braces.

*x If the token is** , the remainder of the match expression is applied recursively for all sub hierarchies
below.

For example, path expression 'A?.BAR' matches all elements named BAR below any element with atwo letter
name whose first letter is A and which isrelative to the current context element. The expression '.**.D*' matches
all model elements whose unique name starts with D and that are in the model of the context element.

The context element (or root element in an absolute expression) itself is never included in the matching elements.
9.7.6. Accessing Model Attributes

Information stored in model meta attributes can be accessed using the pvProlog function get At t ri but e. Thetable
below lists the available attributes and their meaning.

Table 9.16. Meta-M odel attributesin pvProlog

Attribute Name Description

name The descriptive name of the model.
date The creation date of the model.

version An arbitrary user-defined string to identify the version of the model.
tinme The creation time of the model.

aut hor The user who created the model.
file The file name of the model (without directory path, see path below).
dir The absolute path leading to the model directory.

Toaccessamode metaattribute, get At t ri but e hasto be called with the D of model and the name of the attribute.
The attribute valueiswritten in the third argument of get At t ri but e. For example, to get the name of the currently
processed VDM write the following (the name will be stored in variable NAVE):

‘get Variantld(VID), getAttribute(VID, ' nane', NAME)

9.7.7. Advanced pvProlog Examples

This section demonstrates the use of some useful Prolog functions for handling strings, numbers and lists.
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Check if vAR is bound to nothing, a string, a number, an integer number, or a floating point number.

var ( VAR)
string(VAR)
nunber ( VAR)
i nt eger (VAR
f | oat (VAR)

Convert string STR to a number. The number is stored in N.

‘ at om _nunber ( STR, N) ‘

Get the length of string STRand storeit in LEN.

‘ string_l engt h( STR, LEN) ‘

Concatenate two strings STR1 and STR2 and store the result in STR.

‘ string_concat (STR1, STR2, STR) ‘

Concatenate the strings STR1, STR2, and STR3, separated by a slash. Store the result in STR.

‘concat _aton([ STRL, STR2, STR3], ' /', STR) ‘

Split string STR at every slash in the string. The list of substringsisstoredin L.

‘ concat _aton(L,'/', STR) ‘

Check if string STR contains a slash.

‘sub_stri ng(STR, _, , _,'/") ‘

Check if string STR starts with "abc".

‘ sub_string(STR 0, _, ,"'abc') ‘

Check if string STR ends with "xyz".

‘ sub_string(STR, _, ,0,'xyz") ‘

Get the first occurrence of adlash in string STR and store its start index in | DX.

‘sub_st ring(STRIDX, , ,'/") ‘

Cut the first three characters from string STR1 and store the resulting string in STR.

‘ sub_string(STRL, 3, , 0, STR) ‘

Split the element target TAR into the element ID part and the model 1D part. Store the element ID in EI D and the
model ID in M D.

sub_string(TAR IDX1, , _,'/"),
sub_string(TAR O, I DX1, _,MD),
IDX0 is IDX1 + 1,

sub_string(TAR, | DX0, _, 0, El D)

Construct a new string STR using the given pattern and arguments. The arguments are inserted into the string at
the positions marked by "~w" in the order they are given.

get Attribute(' Product','version', VERSION),

get Attribute(' Product','date', DATE),

get Attribute(' Product','author', AUTHOR),

sformat (STR, ' Product version ~w. Created on ~w by ~w. ', [VERSI ON, DATE, AUTHOR] )
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Check if variable L isbound to alist.

‘is_list(L)

Get the length of list L and storeit in LEN.

‘ I engt h(L, LEN)

Check if item E is member of list L.

‘ menber (E, L)

Get the third member of list L, beginning at index 0, and storeit in E.

‘ ntho(2, L, E)

Get the last item of list L and storeit in LAST.

‘ | ast (L, LAST)

Append list L2 to list L1 and store the resulting list in L. Append "c" to

"d',"b", and "c".

a' and "b", resulting in alist containing

append(L1, L2,L)
append(['a','b'],['c'], ABO)

Sort list L and store the sorted list in SORTED. Duplicates are removed.

‘ sort (L, SORTED)

9.7.8. User-Defined Prolog Functions

For complex restrictions and calculations it may be useful to provide additional functions, e.g. to smplify the
expressions or to share code. For the expression language pvProlog a code library can be defined for each model.
This is done on the General Properties page of a model by adding the property ps: codel i b: prol og with the
code asits value (see Figure 9.1, “Prolog Code Library Model Property”).

Figure9.1. Prolog Code Library Model Property

& Properties for Demo.xfm !E m

|':'>’DB filker text General Properties (= T

Info
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The result of the calculation is written into the wariable Sum.
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Each model in aConfiguration Space, including variant description models, can define codelibraries. Code defined
inonemodel isalso availablein al other models of the same configuration space. When defining the sasmefunction
in morethan one model, these function hasto be marked as"multifile". If for instancethefunction sum( N1, N2, Sum
is defined in several models the corresponding code libraries have to contain the following line:

- multifile sum 3.

M eans the function sumwith three arguments is defined in multiple models.

9.8. Expression Language pvSCL

The pure::variants expression language pvSCL isasimplelanguage to express constraints, restrictions and calcula-
tions. It provideslogical and relational operatorsto build simple but also complex boolean expressions. The direct
element reference and attribute access syntax makes pvSCL expressions more compact than pvProlog expressions.

9.8.1. Comments

Expressions can be commented. A comment is started with a slash immediately followed by a star. The comment
itself can span multiplelines. It is ended with a star immediately followed by a slash. Comments are ignored when
an expression is evaluated.

Syntax

/* coment text */

Examples | /* The first character in the al phabet. */ OR
Z |* The last character in the al phabet.*/

9.8.2. Boolean Values

Expressions can resolve to aboolean value, i.e. TRUE or FALSE. An expressionissaid to fail if its boolean value
is FALSE, and to succeed otherwise. Boolean values have type ps: boolean.

Syntax TRUE
FALSE

Examples ‘NOT( TRUE = FALSE)

9.8.3. Numbers

Numbers can either be decimal and hexadecimal integers, or floating point numbers. Hexadecimal integers are
introduced by Ox or 0X followed by digits and / or characters between a and f. Floating point numbers contain a
decimal point and / or positive or negative exponent.

Integers have type ps.integer, and floating point numbers have type ps:float.

Examples 100
10e2
150e- 3
OxFFO0
1.5
5. 5E+3

9.8.4. Arithmetics

Numbers can be negated, added up, subtracted, multiplied, and divided. If at least one operand of an arithmetic
operation has floating point type, the result also will have floating point type.

Arithmetic operators have a higher precedence than comparison operators and alower precedence than condition-
als. Addition and subtraction have alower precedence than multiplication and division. That means, 2*3+3*2 is
calculated as (2* 3)+(3* 2)=6 instead of 2*(3+3)*2=24.
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Syntax

expr + expr
expr - expr
expr * expr
expr / expr
- expr
Exanples |5+« 5 +2* 56 +6 * 6
-(8 * 10) + (10 * 8)
-OxFF / 5
9.8.5. Strings

Strings are sequences of characters and escape sequences enclosed in single quotation marks. The allowed char-

acters are those of the Unicode character set. Strings have type ps.string.

Following escape sequences are supported.

Escape Sequence Meaning

\n New line
\t Horizontal tabulator
\b Backspace
\r Carriage return
\f Form feed
\ Single quotation mark
\" Quotation mark
\ Backslash

\0-\777 Octal character code

\u000O0 - \uffff

Unicode character code

Strings can be concatenated with other strings and numbers using the plus operator. The result is a new string
containing the source strings and numbers in the order they were concatenated.

Syntax ‘characters including escape sequences'
Examples | gl o

'10\44' = '10%'

' 10\ u20AC = ' 10€

‘Line' + 1 +'\n'" + 'Line' + 2

9.8.6. Collections

Collectionsarelistsor setsof valuesof the sametype. Lists may contain oneand the same val uetwice, whereas sets
only contain unique values. The type of lists either isps:list or the value type followed by [], e.g. ps:string[] for a
list of strings. Thetype of setseither isps: set or thevaluetypefollowed by {}, e.g. ps:integer{} for aset of integers.

Coallection literalshavelist type. Their itemsare constructed from the values of any expressions, particularly nested
collections, and must have the same type.

Syntax ‘{ expr, expr, ... }
Examples {'spring', 'summer', 'autumm', 'winter'}
{1, 2, 3}

9.8.7. Value Comparison

Expressions can be compared based on their values. For this purpose the expressions are evaluated to their values
first, and then the comparison operator is applied to the values resulting in TRUE or FALSE.
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Two numbers are compared based on their numeric values, two strings lexically, two collections item by item,
and two booleans by their boolean values. All other operand types and type combinations cause the operands to
be converted to strings and then compared lexically.

Following comparison operators are supported.

Operator Meaning

= Yields TRUE if both operands have the same value.

<> Yields TRUE if the operands have different values.

> Yields TRUE if the left operand's value is greater than
the right operand's value.

< Yields TRUE if the |eft operand's value is less than the
right operand's value.

>= Yields TRUE if the |eft operand's value is greater than
or equals the right operand's value.

<= Yields TRUE if the left operand's value is less than or
equals the right operand's value.

Comparison operators have a lower precedence than arithmetic operators but a higher precedence than logical
operators.

Syntax expr = expr
expr <> expr
expr > expr
expr < expr
expr >= expr
expr <= expr

9.8.8. SELF and CONTEXT

The keywords SELF and CONTEXT are context dependent name references. The type of SELF and CONTEXT is
ps:model if amodel isreferenced, ps.element for an element, ps:relationfor arelation, ps:attributefor an attribute,
and ps: constant for an attribute value.

Model Object SELF CONTEXT
Constraint Element containing the constraint | Model containing the constraint
Restriction on element Element containing the restriction | Element containing the restriction
Restriction on relation Relation containing therestriction | Element containing the relation
Restriction on attribute Attribute containing the restriction | Element containing the attribute
Restriction on attribute value Attribute value containing the re-|Element containing the attribute val-
striction ue
Attribute value calculation Attribute value being calcul ated Element containing the attribute val-
ue
Syntax SELF
CONTEXT

Examples | sgLF AND SELF->val ue = 5
CONTEXT | MPLI ES SELF <> 0

9.8.9. Name and ID References

Models, elements, and attributes can be referenced by their unique identifiers. Models can aso be referenced
by their names, and elements by their unique names, optionally prefixed by the name of the model containing
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the element. For a referenced model the result type is ps:model, for an element ps:element, and for an attribute
ps:attribute.

Elements can be referenced across linked variants, i.e. variant collections, instances, and references, by means of
apath name. Path names navigate to elementsin another variant along the variant eementsin avariant hierarchy.
Variant elements are elements with type ps:variant representing the root element of alinked variant.

Path Name Element Description
variant-name:name Relative path name
:name Absolute path name
parent:name Parent variant navigation
variant-collection-or-instance-name[ 3]:name Anonymous variant navigation for variant collections
and instances

A nameisresolved as follows.
1. If name or model-name equals "context”, "CONTEXT", "self", or "SELF"
* resolvesto the context dependent name reference CONTEXT or SELF
2. If nameisthe name of avisible local variable, iterator or accumulator
* resolvesto thelocal variable, iterator or accumulator
3. If name is the unique name of an element
* resolvesto the element
4. If element-name is the unique name of an element in model model-name
* resolvesto the element
5. If name isthe name of a model
* resolvesto the model
6. If it isan absolute path-name
* resolve name without the leading : to an element or model
7. If it isapath-name with parent variant navigation
* resolve name in the context of the parent variant of the current variant to an element
8. If it isa path-name with anonymous variant navigation
* resolve namein the context of the specified variant to an element
9. Otherwiseit isarelative name

* resolve asfull qualified name to an element or model

Syntax @d

nane

nodel - nane. el enent - nane
pat h- nanme

Examples | @sdkd

Fr ont door

Door s. Backdoor

Resi dence: Front door : Col or->val ue = 'white'
Doubl eLock | MPLI ES par ent: par ent : Manson
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‘ House. Door s[ 1] AND House. Door s[ 1] : Type- >nunber = '113a'

9.8.10. Element Existence Check

Elements can be referenced independently of their selection, i.e. existence, in the current variant.

To check the existence of an element explicitly, meta-attribute pv: Selected can be called on that element returning
TRUE if it is selected and thus exists in the variant.

But there are also contexts in which the existence of elementsis checked implicitly. These contexts are:
 Congtraint (final value)

+ Condition of aconditional

» Operand of operator NOT

« Left and right operand of operator XOR

* Left operand of operators AND and OR

 Right operand of operators AND and ORif |eft operand resolves to FALSE

« Left and right operand of operator EQUALS

* Left operand of operators| MPLI ES, REQUI RES, RECOMVENDS, CONFLI CTS and DI SCOURAGES

 Right operand of operators | MPLI ES, REQUI RES, RECOMVENDS, CONFLI CTS and DI SCOURAGES if left operand re-
solvesto FALSE

Examples | glack R Wite

IF Wnter THEN Snow >pv: Sel ect ed ELSE Sunshi ne->pv: Sel ect ed ENDI F
Di esel RECOMMVENDS ParticleFilter

NOT( Hi gh) | MPLI ES Low

9.8.11. Attribute Access

Attributes and meta-attributes can be accessed using the call operator. The left operand of the call operator isthe
context of the call, the right operand the attribute or meta-attribute to call. It is an error if there is no attribute or
meta-attribute with the given name for the context of acall.

If the context has model or element type, ordinary model and element attributes can be accessed. The result type
is ps.attribute.

The value of an attribute is automatically accessed in all contexts a value is required, e.g. operand of alogical,
relational, arithmetic, or comparison operator. M eta-attribute pv: Get can be used to access an attribute value ex-
plicitly. For an attribute with collection type a specific value can be accessed by specifying the index of the value
as argument to the call (function call syntax).

The context types meta-attributes can be called on depend on the implementation of a meta-attribute. Meta-at-
tributes may accept an argument list (function call syntax). The result of calling a meta-attribute also depends
on itsimplementation. A meta-attribute with the same name as an ordinary attribute of amodel or element hides
that attribute.

Syntax cont ext -expr -> attr-name
cont ext-expr -> attr-nanme(i ndex-expr)
cont ext-expr -> neta-attr-nane
context-expr -> neta-attr-nanme(expr, expr, ...)

Examples pr oduct - >versi on > 3

seasons->nanes = { 'spring', 'summer', 'autum', 'winter' }
seasons- >nanes(1) = 'summer' AND seasons->nanes(2) = 'autumm’
seasons- >nanes->pv: Si ze = 4

seasons- >nanes- >pv: Get (3) = 'wi nter'
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9.8.12. Relations

Expressions can be set in relation to each other. For this purpose the expressions are evaluated to their boolean
values. It isan error if this conversionis not possible. Therelational operator isthen applied to the boolean values
resulting in TRUE or FALSE.

Following relational operators are supported.

Operator Meaning
REQUIRES If the first operand is FAL SE then the second operand
will not be evaluated.
IMPLIES Like REQUIRES.
CONFLICTS If the first operand is FALSE then the second operand
will not be evaluated.
RECOMMENDS Like REQUIRES but aways yields TRUE.
DISCOURAGES Like CONFLICTS but always yields TRUE.
EQUALS Yields TRUE if both operands either are TRUE or
FALSE.

Relational operators have alower precedence than conditionals, and logical and arithmetic operators.

Syntax expr | MPLIES expr
expr REQUI RES expr
expr CONFLI CTS expr
expr RECOMMVENDS expr
expr DI SCOURAGES expr

expr EQUALS expr

Examples car REQUI RES wheel s
| egs->nunber = 4 CONFLI CTS hunan

9.8.13. Logical Combinations

Expressions can be logically combined. For this purpose the expressions are evaluated to their boolean values. It
is an error if this conversion is not possible. The logical operator is then applied to the boolean values resulting
in TRUE or FALSE.

Following logical operators are supported.

Operator Meaning
AND Binary operator that yields TRUE if both operands are
TRUE.
OR Binary operator that yields TRUE if at |east one operand

is TRUE. If the first operand is TRUE then the second
operand will not be evaluated.

XOR Binary operator that yields TRUE if exactly one operand
is TRUE.

NOT Unary operator that yields TRUE if the operand is
FALSE.

Logica operators have a lower precedence than comparison operators but a higher precedence than relational
operators.

Syntax expr AND expr
expr OR expr
expr XOR expr
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‘NOT( expr)

Examples | pe orR NOT(be)
cabri ol et XOR sunr oof

9.8.14. Conditionals

Conditionals allow to evaluate alternative expressions depending on the boolean value of a condition. If boolean-
condition-expr evaluates to TRUE, expression consegquence-expr is evaluated to determine the result of the con-
ditional expression. Otherwise, expression alternative-expr is evaluated. It is an error if boolean-condition-expr
can not be evaluated to TRUE or FAL SE.

Conditionals can occur everywhere expressions are allowed. This means in particular that conditionals can be
nested. Conditionals have a higher precedence than relational, logical, arithmetic and compare operators.

Syntax ‘ I F condition-expr THEN consequence-expr ELSE alternative-expr ENDIF
Examples || F summer THEN
weat her - >t enperature >= 25
ELSE

| F wi nter THEN
weat her->tenperature <= 5
ELSE
weat her- >t enperature > 5 AND weat her->tenperature < 25
ENDI F
ENDI F

9.8.15. Variable Declarations

The LET keyword declares at | east one variable with name var-name and initializesit with the value of expression
init-expr. The variable is visible only in the expression following keyword IN, and in the init-expr of subsequent
variable declarators.

Variable declarations can occur everywhere expressions are allowed. To avoid name conflictsit is recommended
to use own namespaces for the variable names (e.g. my:var-name instead of var-name).

Theresult of avariable declaration is the value of the expression following keyword IN.

Syntax ‘LET var-name = init-expr, var-name = init-expr, ... IN expr

Examples LET
doors = car->front Doors + car->rearDoors,
cabrio = (doors = 2),
|'i mousi ne = (doors = 4)
I N
cabrio OR |i nousi ne

9.8.16. Function Calls

A function call executesthe built-in or user-defined function fct-name with the given argument list and returns the
value calculated by the function. It isan error if the function does not exist.

Syntax ‘fct-nane(expr, expr, ...)

Examples ‘average(account s,'incone') > average(accounts,' outgoi ngs')

9.8.17. Iterators

Iterators are special functions able to iterate collections. For each collection item expression expr is evaluated.
The current collection item is accessible in the expression using iterator variable iter-name, which isvisible there
only. The value of aniterator function call depends on the implementation of that function.
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Syntax ‘fct—name(iter—name | expr)

Examples account s- >pv: Chi l dren() - >
pv: For Al | (account | account->bal anced = TRUE)

9.8.18. Accumulators

Accumulatorsare special functionsableto iterate collections. For each collection item expression expr iseval uated
and itsvalueisassigned to the accumulator variable acc-name. Theinitia value of accumulator variable acc-name
is the value of expression acc-init-expr. The current collection item is accessible in the expression using iterator
variable iter-name. Both variables, iter-name and acc-name, are visible in expression expr only.

The value of an accumulator function call isthe final value of the accumulator variable.

Syntax ‘fct-narre(iter-narre; acc-name = acc-init-expr | expr)

Examples | account s- >pv: Chil dren() - >
pv: I terate(account; sum= 0 | sum + account->deposit) > 0

9.8.19. Function Definitions

The DEF keyword defines a function with name fct-name and the given parameter list. The parameter names are
visible only in expression fct-body-expr. The result of calling a so defined function is the value of the fct-body-
expr calculated for the given argument list.

Function definitions can only occur before any other pvSCL expression and evaluate to TRUE if not followed by
an expression. To avoid name conflictsit is recommended to use own namespaces for the function and parameter
names (e.g. my:fct-name instead of fct-name, and my: param-name instead of param-name).

If not in a pvSCL code library, a so defined function is visible only in the constraint, restriction or calculation
containing the function definition.

Syntax DEF fct-name(par am nane, param nane, ...) = fct-body-expr ;
DEF fct-nane(param nane, param nane, ...) = fct-body-expr ;
expr

Examples DEF min(x,y) = (IF x <=y THEN x ELSE y ENDIF);
DEF max(Xx,y) (IFF x >y THEN x ELSE y ENDI F);
max(spare->x, spare->y) <= mn(part->x, part->y)

9.8.20. Function Library
pv:Abs()

Get the absolute value of the context which must be a number.

Examples ‘(outsi de->tenp - inside->tenp)->pv: Abs() > 10

pv:AllChildren()

Get dl children of the context which must be either amodel, e ement, or attribute. Fail otherwise. All children of
amodel are the elements of the model, of an element are the elements of the sub-tree with this e ement as root
(excluding this element), and of an attribute its attribute values.

Examples | sel f->pv: Al I Chil dren()->
pv: For Al'l (child | NOT(child->pv: Sel ected) )

pv:Append(expr)
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Append the value of expr to the context which must be a collection. It is an error if the type of the value is not
compatible to the item type of the collection.

Examples ‘{1, 2, 3}->pv: Append(4) = {1,2,3, 4}

pv:AsSet()

Convert the context to a set. It isan error if the context does not have collection type. If the context has list type,
all duplicate items of thelist are removed.

Examples ‘{1, 1,2,3}->pv: AsSet = {1,2, 3}

pv:Attribute(name)

Get the attribute with the given name. Failsif the context does neither have model nor element type, or no attribute
with the name exists.

Examples ‘sel f->pv: Attribute(' speed') = 100

pv:Characters()

Get the characters of the context string as list.

Examples "Text'->pv:Characters() ={T,'e,'x,"t'}

pv:Child(index)

Get the child of the context with the given index. Failsif the context does neither have model, element, nor attribute
type, or the index is invalid. The child of a model is an element, of an element an element, and of an attribute
an attribute value.

Examples ‘ sel f->pv: Chi | d(0) - >pv: Sel ect ed

pv:Children()

Get the direct children of the context which must be either a model, element, or attribute. Fail otherwise. The
children of amodel isalist containing the root element of the model, of an element its child elements, and of an
attribute its attribute values.

Examples | alternatives->pv: Chil dren()->pv: Si ze() >
al ternatives->ps: Sel ect edChi | dren()->pv: Si ze()

pv:ChildrenByState(state), pv:ChildrenByState(state,selector)

Get all children of the context element with the given selection state and optionally given selector, as ps: element][].
Failsif the context does not have element type.

Examples f eat ur es- >pv: Chi | drenBySt at e(' ps: excl uded' , ' ps: user')->
pv: ForAl |l (el enent |
pv: I nform(' User excluded element ' + el ement->pv: Nanme()))

pv:Class()

Get the class of the context, as ps: string, which must be a configuration space, model, element, relation, attribute,
or attribute value. Fails otherwise. The class of a configuration space is ps:configspace, of a model ps:model, of
an element the element class, of arelation the relation class, of an attribute ps: attribute, and of an attribute value
the type of the attribute value.

Examples ‘cont ext->pv: Cl ass() = 'ps: nodel’
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‘ I MPLI ES sel f->pv: d ass() = 'ps:el enent’

pv:Collect(iterator)

Iterate the context collection and evaluate the iterator expression for each element of the collection. Return anew
collection with all the evaluation results. The return typeis ps:list.

Examples product s- >pv: Chi | dren() - >
pv: Col lect(p | |F p->stocked THEN 1 ELSE 0 ENDI F) - >
pv: Sun() > 50

pv:Element(hname-or-id)

Get the element with the given unique name or identifier. If called on a model only elements in that model are
considered. It isan error if the element does not exist or the function is called on anything else than a model.

Examples ‘ Model - >pv: El ement (' wi nter')->pv: Sel ected() = true

pv:DefaultSelected()

Check if the context element is selected by default. Fails if the context does not have element type.

Examples ‘ radi o- >pv: Def aul t Sel ected() AND speakers->nunber = 2

pv:Fail(message)

Show an error message. Always returns TRUE. Let the model evaluation fail.

Examples door s- >number = 2 OR
door s- >nunber = 4 OR
pv: Fai |l (' I nvalid nunber of doors [' + doors->nunmber + ']")

pv:Floor()

Get the largest (closest to positive infinity) integer value that is less than or equal to the context floating point
number and is equal to amathematical integer. Failsif the context does not have floating point number type. The
return typeis ps.integer.

Examples ‘3. 5->pv: Fl oor = 3

pv:ForAll(iterator)

Iterate the context collection and evaluate the iterator expression for all items. Return FALSE if at least for one
item the expression evaluatesto FAL SE.

Examples bugs- >pv: Chi I dren() - >
pv: ForAl |l (bug | bug->state = 'fixed")

pv:Get(), pv:Get(index)

Get the value of an attribute if the context is an attribute or attribute value, or return the input value. If anindex is
given and the context is an attribute, return the attribute value at that index, or fail if theindex isinvalid.

Examples ‘ seasons- >or der - >pv: Get (2) = 'autum'

pv:HasAttribute(name)

Return TRUE if the attribute with the given name exists on the context model or element, FAL SE otherwise. Fails
if the context does not have model or element type.
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Examples ‘sel f->pv: HasAttribute(' speed') = true

pv:HasElement(name-or-id)

Return TRUE if the element with the given name or identifier exists, FALSE otherwise. If called on amodel only
elementsin that model are considered. It isan error if the function is called on anything else than a model.

Examples ‘ Model - >pv: HasEl enent (' seasons') = true

pv:HasModel(name-or-id)

Return TRUE if the model with the given name or identifier exists, FALSE otherwise.

Examples ‘ pv: HasModel (' Weather') = true

pv:ID()

Get the unique identifier of the context, as ps:string, which must be a model, element, attribute, constant, or
relation, or fail otherwise.

Examples ‘cont ext->pv:ID() <> "'

pv:IndexOf(sub-string)

Return the index (starting at 0) of the first occurrence of the given sub-string within the context string, or -1 if
the sub-string was not found. It is an error if the context does not have string type. The resulting index has type
ps:integer.

Examples “Hello Worl d' - >pv: | ndexCf (' World') = 6

pv:Inform(message)

Show an informational message. Always returns TRUE.

Examples sportedition AND NOT(rearspoil er) RECOMVENDS
pv: I nform(' Rear spoiler recomended for sport edition')

pv:lsContainer()

Return TRUE if the context is acontainer, i.e. acollection like lists or sets.

Examples ‘self->pv:IsOontai ner () RECOMVENDS sel f->pv: Size() > 1

pv:IsFixed()

Return TRUE if the context attribute has afixed value. Fails if the context does not have attribute type.

Examples ‘ sel f->pv: | sFi xed() = TRUE

pv:isinheritable()

Return TRUE if the context attribute isinheritable. Failsif the context does not have attribute type.

Examples ‘ sel f->pv:|Islnheritable() = FALSE

pv:IsKindOf(type)
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Return TRUE if the type of the context object is the same as the type given as argument, or atype derived from it.

Examples ‘seasons- >pv: | sKi ndOf (' ps: feature') = TRUE

pv:item(index)

Get the item with the given index (starting at 0) of the context collection or the character with the given index of
astring. Fail if the context does not have collection or string type, or the index isinvalid.

Examples seasons->pv: Chi | dren() ->
pv: I tem(0)->pv: Nane() = 'spring'

pv:lterate(accumulator)

Iterate the context collection and return the value accumulated by evaluating the iterator expression for each ele-
ment of the collection. The return typeisthat of the accumulated value.

Examples pv:Inform(' Current price is ' +
product s- >pv: Sel ect edChi | dren() - >
pv:Iterate(product; price = 0 | price + product->price) + '$')

pv:Max()

Return the maximal number of the context collection of numbers, or fail if the context is not anumber collection.
Thereturn typeis ps:integer or ps.float depending on the type of the collection. The maximal value of an empty
collectionisO.

Examples ‘{1, 2,3,4}->pv: Max() = 4

pv:Min()

Return the minimal number of the context collection of numbers, or fail if the context is not a number collection.
The return type is ps.integer or ps:float depending on the type of the collection. The minimal value of an empty
collectionisO.

Examples ‘{1,2,3,4}->pv:Mn() =1

pv:Model(), pv:Model(name-or-id)

Get the model, as ps:model, containing the context element, or the model with the given name or identifier if not
called on an element. It isan error if the function is called on anything el se than an element or configuration space.

Examples NOT( cont ext - >pv: Model () - >pv: Root El enent ())
| MPLI ES pv: Fail (' Root el enent of nodel ' +
cont ext - >pv: Model () ->pv: Nane() + ' nust be sel ected')

pv:Models(), pv:Models(type)

Get the models of a configuration space as ps:model[]. Optionally accepts a model type as argument to get only
the models of a specific type. Failsif the context does not have configuration space type.

Examples cont ext - >pv: Par ent () - >pv: Model s() - >pv: Si ze() > 0
pv: Model s()->pv: Size() > 0

pv:Name()

Get the name of the context, as ps: string, which must be a model, element, or attribute, or fail otherwise.

Examples ‘ sel f->pv: Sel ectionState() = 'ps:nonsel ectable' | MLIES
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‘ pv: Warn(' Feature ' + self->pv:Nane() + ' is now non-sel ectable!")

pv:Parent()

Get the parent of the context, or fail if the context isnot amodel, element, relation, attribute, or attribute value. The
parent of amodel isthe corresponding configuration space, of an element its parent element, or the corresponding
model if it isthe root element, of arelation the element on which the relation is defined, of an attribute the element
on which the attribute is defined, and of an attribute value the attribute containing the value.

Examples ‘sumrer— >pv: Parent () ->pv: Nane() = 'seasons'

pv:Prepend(expr)

Prepend the value of expr to the context which must be a collection. It is an error if the type of the value is not
compatible to the item type of the collection.

Examples ‘{1, 2,3}->pv: Prepend(4) = {4,1,2,3}

pv:Relations(), pv:Relations(type)

Get the relations of class ps: dependencies defined on the context element, as ps:relation[]. Optionally acceptsthe
relation type as argument to get only relations of the given type. Fails if the context does not have element type.

Examples | speci al edi ti on->pv: Rel ati ons(' my: extras')->
pv: ForAl'l (r | re->pv:Targets()->pv:Size() <> 0)

pv:RootElement()

Get the root element of the context model, as ps:element. Fails if the context does not have model type.

Examples ‘ cont ext - >pv: Root El enent () - >pv: Sel ected() = TRUE

pv:Round()

Return the closest integer of the context floating point number, or fail if the context does not have floating point
number type. The context number is rounded to an integer by adding 0.5 and taking the floor of the result. The
return typeis ps:integer.

Examples ‘3_ 5->pv: Round() = 4

pv:Select(iterator)

Iterate the context collection and add all the collection items to the result list for which the iterator expression
evaluates to TRUE. Thereturn typeis the type of the context collection.

Examples | customers- >
pv: Sel ect (custonmer | customer->bal anced = FALSE) - >
pv: For Al | (cust omer |
pv: I nform(' Send custonmer ' + custonmer->id + ' a rem nder'))

pv:Selected()

Return TRUE if the context element or attribute exists in the variant, FALSE otherwise. Failsif the context does
not have element or attribute type.

Examples ‘ sel f EQUALS sel f->pv: Sel ect ed()

pv:SelectedChildren(), pv:SelectedChildren(type)
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Get al children in the sub-tree of the context element that exist in the variant, as ps:element[]. Optionally accepts
an element type as argument to get only child elements with the given type. Fails if the context does not have
element type.

Examples parts->pv: Sel ect edChi | dren(' ny: engi ne' ) - >
pv:Size() =1

pv:SelectionState()

Get the selection state of the context element, as ps:string. Fails if the context does not have element type. The
selection state is one of ps:selected, ps:excluded, ps:unselected, or ps: nonsel ectable.

Examples ai rbags->pv: Sel ectionState() = 'ps:excl uded'
REQUI RES speed- >max < 30

pv:Selector()

Get the selector of the context element, as ps:string. Failsif the context does not have element type. The selector
is ps:userfor user selections, ps:auto for selections caused by the auto resolver, ps:mappedfor selections caused
by mapped features, ps.implicit for implicitly selected elements, ps:inherited for inherited selections, or none for
elements that neither are explicitly or implicitly selected nor excluded.

Examples sel f | MPLIES sel f->pv: Sel ector() = 'ps:user’
OR pv:Infornm(' Feature ' + self->pv: Nane() +
' was added automatically')

pv:Size()

Get the number of attribute values for attribute types, collection items for collection types, or charactersfor string
types as ps:integer. For any other context type, 1 is returned.

Examples seasons->pv: Chi | dren()->pv: Size() = 4 AND
seasons- >pv: Sel ect edChi l dren()->pv: Size() = 1

pv:SubString(begin), pv:SubString(begin,end)

Return a new string, as ps:string, that is a sub-string of the context string. The sub-string begins at the specified
begin index and extends to the end-1 index or end of the context string. It is an error if the context does not have
string type.

Examples | Hello Werld ->pv: SubString(6) = 'Verld
"smles' ->pv:SubString(1,5) = 'mle'

pv:Sum()

Return the sum of all numbersin the context collection, or fail if the context is not anumber collection. Thereturn
typeis ps.integer or ps.float depending on the type of the collection. The sum of an empty collectionisO.

Examples ‘{1, 2,3, 4}->pv: Sum() = 10

pv:Target(index)

Get the relation target with the given index of the context relation, as ps:element. Fails if the context does not
have relation type.

Examples ‘ sel f->pv: Target (0) XOR sel f->pv: Tar get (1)

pv:Targets()
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Get the relation targets of the context relation, as ps.element[]. Failsif the context does not have relation type.

Examples | sel f->pv: Type() = ' ps: di scour ages’ AND
sel f->pv: Targets()->pv: ForAl |l (el ement |
pv: Warn(' You better deselect element ' + el enment->pv: Name())))

pv:ToFloat()

Convert the context number to afloating point number. Failsif the context does not have number type. Thereturn
typeisps:float.

Examples ‘1->pv:ToF| oat() = 1.0

pv:ToLowerCase()

Convert all characters of the context string to lower case. Failsif the context does not have string type. Thereturn
typeis psstring.

Examples ‘ Hel | o' - >pv: ToLower Case() = ' hell o'

pv:ToString()

Return a string representation of the context object. The return typeis ps:string.

Examples ‘6- >pv: ToString() = '6'

pv:ToUpperCase()

Convert all characters of the context string to upper case. Failsif the context does not have string type. Thereturn
typeis psstring.

Examples ‘ Hel | o' - >pv: ToUpper Case() = ' HELLO

pv:Type()
Get the type of the context as ps:string.

Examples ‘sunmar- >pv: Type() = 'ny:season'

pv:VariationType()

Get the variation type of the context element or attribute, as ps:string. Failsif the context does not have element or
attribute type. The variation type of attributes alwaysis ps: mandatory, and of elements ps: mandatory, ps:optional,
ps:or, or ps.alternative.

Examples ‘ sunmer - >pv: Vari ati onType() = 'ps:alternative'

pv:VName(), pv:VName(language)

Get the visible name of the context, as ps:string, which must be an element, or fail otherwise. Optionally the
language can be specified.

If no language is give the visible name with no specified language will be retuned. If no such visible name exists
any other visible name will be returned. If no visible name is defined for the element an empty string is returned.
If alanguage is specified the visible name in the given language will be returned if available. If no such visible
name exists the function falls back to the version without given language.

Examples ‘ sel f->pv: Sel ectionState() = 'ps:nonsel ectable' | MLIES
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‘ pv: Warn(' Feature ' + self->pv:VName() + ' is now non-sel ectable!")

pv:Warn(message)

Show awarning message. Always returns TRUE.

Examples | car->wheel's > 4 | MPLI ES
pv: Warn(' Too many wheels (' + car->wheels + ') configured')

9.8.21. User-Defined pvSCL Functions

For complex restrictions and calculations it may be useful to provide additional functions, e.g. to smplify the
expressions or to share code. For the expression language pvSCL acode library can be defined in each model. This
is done by entering the code into the pvSCL Code Library properties page of a model (see Figure 9.2, “pvSCL
Code Library Model Property Page”).

Figure 9.2. pvSCL CodeLibrary Model Property Page

= Properties for PVSCLExamples.xdfm [ 5] _Zh]
type filter text pvSCL Code Library Ev v w
Resource

|Tn_| Access Rights
|TI=J General Properties

5] Model
E\“_l pvSCL Cade Library element->pv:S5electedChildren|() -
Run/Debug Settings pv:Select (e e->pv:HasAttribute (attr) )->
pvilterate( e; sum=0 sum + e-»pviAttribute (attr)->pv:iGet() ):

/* Return first selected child element */

DEF firstSelected(e) =
e-»pvi:ChildrenByState ('ps:selected" ) -»pviItem(0)

-

Each feature or family model in a Configuration Space can define code libraries. Code defined in onemodel isalso
availablein all other models of the same configuration space. Defining the same function in more than one model,
will redefinethe function. Sincethereisno explicit model |oading order the used version of the function may differ.

9.9. XSLT Extension Functions

Several extension functions are available when using the XSLT processor integrated in the pure::variants XML
Transformation System for model transformations and model exports. These extension functions are defined in
own namespaces. Before they can be used in an XSLT script, the corresponding namespaces have to be included
using the "xmins" stylesheet attribute:

<?xm version="1.0" encodi ng="UTF- 8" ?>

<xsl : styl esheet version="1.0"
xm ns: xsl ="http://ww. w3. or g/ 1999/ XSL/ Tr ansf or ni'
xm ns: pv="http://wwmv. pur e-syst ens. coni pur evari ant s"
ext ensi on- el ement - prefi xes="pv" >

...any script content...

</ xsl : styl esheet >

After including the namespace, the extension functions can be used in X Path expressions using the defined names-
pace prefix, e.g. pv: hasFeature(' F' ).
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Thefollowing extension functions are defined in the namespace " http://www.pure-systems.com/purevariants” and
provide access to the pure::variants model information.

Table 9.17. Extension functions providing model infor mation

Function

Description

nodeset nodel s()

Get all input models known to the transformer, i.e. the opened variant
description model, and all Feature and Family Models of the Config-
uration Space without any modifications. See Section 5.9.2, “Variant
Result Models’ for more information about the transformation input.

Note: Inthepure::variants Server Edition thisfunction returnsan emp-
ty set. Accessto theinput models of the transformation is not support-
ed in the pure::variants Server Edition.

nodeset nodel - by-id(string)

Get al variant Result Models known to the transformer having the
given id. The Result Models are derived from the models of the Con-
figuration Space describing a single concrete solution drawn from the
solution family. See Section 5.9.2, “Variant Result Models’ for more
information about the transformation input.

nodeset nodel - by- nane(string)

Get all Variant Result Models known to the transformer having the
given name. The Variant Result Models are derived from the models
of the Configuration Space describing asingle concrete solution drawn
from the solution family. See Section 5.9.2, “Variant Result Models”
for more information about the transformation input.

nodeset nodel - by-type(string)

Get all Variant Result Models known to the transformer having the
given type. The Variant Result Models are derived from the mod-
els of the Configuration Space describing a single concrete solution
drawn from the solution family. Valid types are ps:vdm, ps:cfm, and
ps:ccm. See Section 5.9.2, “Variant Result Models” for more infor-
mation about the transformation input.

bool ean hasFeat ure(string)

Return true if the feature, given by its unique name or id, is in the
variant.

bool ean hasConponent (string)

Return true if the component, given by its unique nameor id, isin the
variant.

bool ean hasPart (string)

Return trueif the part, given by itsunique name or id, isin the variant.

bool ean hasSour ce(string)

Return true if the source, given by its unique name or id, is in the
variant.

bool ean hasEl enent (string id)

Return true if the element, given by itsuniqueid, isin the variant.

bool ean hasEl enent (string
nane, string class,string type?)

Return true if the element, given by its unique name, class, and (op-
tionally) type, isin the variant.

nodeset get El enent (string id)

Return the element given by itsuniqueid.

nodeset get El ement (string
name, string class,string type?)

Return the element given by its unique name, class, and (optionally)
type.

nodeset
get Chi l drenTargets(string id)

Return the full qualified ids of the children elements of the element
with the given id.

nodeset get Chil drenTar get s(nodeset
el enent)

Return the full qualified ids of the children elements of the given el-
ement.

nodeset get Chil drenTargets(string
enane, string eclass,string etype?)

Return the full qualified ids of the children elements of the element
given by its unique name, class, and (optionally) type.

bool ean hasAttribute(string id)

Return true if the attribute, given by its uniqueid, isin the variant.

bool ean hasAttri but e(nodeset
el ement, string nane)

Return true if the attribute, given by its name and the element it be-
longsto, isin the variant.
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Function

Description

bool ean hasAttribute(string
eid, string nane)

Return trueif the attribute, given by itsname and the id of the element
it belongs, to isin the variant.

bool ean hasAttribute(string
enane, string ecl ass, string
etype?, string nane)

Return true if the attribute, given by its name and the unique name,
class, and (optionally) type of the element it belongsto, isin the vari-
ant.

nodeset getAttribute(string id)

Return the attribute given by its unique id.

nodeset get Attri but e(nodeset
el ement, string nane)

Return the attribute given by its name and the element it belongs to.

nodeset getAttribute(string
eid, string nane)

Return the attribute given by its name and the id of the element it
belongsto.

nodeset getAttribute(string
enane, string ecl ass, string
etype?, string nane)

Return the attribute given by its name and the unique name, class, and
(optionally) type of the element it belongs to.

bool ean hasAttri but eVal ue( nodeset
attribute)

Return true if the given attribute has avalue.

bool ean
hasAttri but eVal ue(string id)

Return true if the attribute given by its unique id has avalue.

bool ean hasAttri but eVal ue(nodeset
el enent, string nane)

Return true if the attribute, given by its name and the element it be-
longsto, has avalue.

bool ean hasAttri buteVal ue(string
ei d, string nane)

Return trueif the attribute, given by itsname and theid of the element
it belongs to, has avalue.

bool ean hasAttri buteVal ue(string
enane, string ecl ass, string
etype?, string nane)

Return true if the attribute, given by its name and the unique name,
class, and (optionally) type of the element it belongsto, has avalue.

nodeset get Attri buteVal ue(nodeset
attribute)

Return the values of the given attribute.

nodeset
get AttributeVal ue(string id)

Return the values of the attribute given by its unique id.

nodeset get AttributeVal ue(nodeset
el enent, string nane)

Return the values of the attribute given by its name and the element
it belongs to.

nodeset get AttributeVal ue(string
eid, string nane)

Return the values of the attribute given by its name and the id of the
element it belongs to.

nodeset getAttributeVal ue(string
enane, string eclass, string
etype?, string nane)

Return the values of the attribute given by its name and the unique
name, class, and (optionally) type of the element it belongs to.

The following extension functions are defined in the namespace "http://www.pure-systems.com/xmits’ and pro-
vide basic information about the current transformation.

Table 9.18. Extension functions providing transfor mation infor mation

Function

Description

string os()

Get thetarget system type. Thisiseither the string "win32", "macosx”,
or "linux" (default).

string version()

Get the transformation system version.

string input-path()

Get the transformation input path.

string output-path()

Get the transformation output path.

string generate-id()

Generate an unique identifier.

nodeset current ()

Get the node currently being transformed.
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Function

Description

nodeset entry-points()

Get the transformation entry point list, i.e. alist of full qualified ele-
ment IDs. Transformation modules can use this list to identify sub-
trees of the input models that are to be transformed.

bool ean bel ow en\
try-point(string id)

Return true if the given full qualified element ID denotes an element
below a transformation entry point. Transformation modules can use
this function to identify sub-trees of the input models that are to be
transformed.

nodeset exit-points()

Get thetransformation exit point list, i.e. alist of full qualified element
IDs. Transformation modules can use thislist to identify sub-trees of
the input models that are to be ignored.

bool ean above- ex\
it-point(string id)

Return true if the given full qualified element ID denotes an element
above a transformation exit point. Transformation modules can use
this function to identify sub-trees of the input models that are to be
ignored.

nodeset re\
sul ts-for(nodeset nodes?)

Get the transformation module results for the given nodes. If no argu-
ment is given, then the results for the context node are returned.

nodeset | og(string
nmessage, nunber | evel ?)

Add alogging message that is shown in the Console View. The first
parameter is the message and the second the logging level (0-9). Itis
recommend to use alogging level between 4 (default) and 8 (detailed
tracing). Returns the empty nodeset.

nodeset info(string nmessage, string
i d?, nodeset rel ated?)

Add an info message that is shown in the Problems View resp. as
marker on a model element. The first parameter is the message. All
other parameters are optional. The second isthe ID of the context el-
ement of the info (used to place the marker), and the third is a set of
IDs of related model elements. Returns the empty nodeset.

nodeset warni ng(string
nessage, string
i d?, nodeset rel ated?)

Add awarning message that is shown in the Problems View resp. as
marker on a model element. The first parameter is the message. All
other parameters are optional. The second isthe ID of the context el-
ement of the info (used to place the marker), and the third is a set of
IDs of related model elements. Returns the empty nodeset.

nodeset error(string
nessage, string
i d?, nodeset rel ated?)

Add an error message that is shown in the Problems View resp. as
marker on a model element. The first parameter is the message. All
other parameters are optional. The second isthe ID of the context el-
ement of the info (used to place the marker), and the third is a set of
IDs of related model elements. Returns the empty nodeset.

Note

Error messages may abort the XSLT script execution and the
whole transformation.

Table 9.19. Extension elementsfor logging and user messages

Element

Description

<l og | evel ="0-9">message</| og>

Add alogging messagethat isshownin the Console View. The option-
al attribute "level" specifies the logging level (0-9). It is recommend
to use alogging level between 4 (default) and 8 (detailed tracing).

<info context="el ement id"
rel at ed="nodeset " >nessage</ i nf 0>

Add an info message that is shown in the Problems View resp. as
marker on amaodel element. The optional attribute "context" specifies
the ID of the context element of the info (used to place the marker).
The optional attribute "related” specifies a set of IDs of related model
elements.
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Element

Description

<war ni ng cont ext="el enent id"
rel at ed="nodeset " >nessage</
war ni ng>

Add awarning message that is shown in the Problems View resp. as
marker on amodel element. The optional attribute "context" specifies
the ID of the context element of the info (used to place the marker).
The optional attribute "related" specifies a set of IDs of related model
elements.

<error context="elenment id"
rel at ed="nodeset " >nessage</ error >

Add an error message that is shown in the Problems View resp. as
marker on amodel element. The optional attribute "context" specifies
the ID of the context element of the info (used to place the marker).
The optional attribute "related” specifies aset of 1Ds of related model
elements.

Note

Error messages may abort the XSLT script execution and the
whole transformation.

Thefollowing extension functions are defined in the namespace " http://www.pure-systems.com/path" and provide

additional file operations.

Table 9.20. Extension functions providing file operations

Function

Description

string normalize(string path)

Normalized the given path for the current target plat-
form.

string dirname(string path)

Get the directory part of the given path.

string filename(string path)

Get the file part of the given path.

string basenanme(string path)

Strip the file extension from the given path.

string extension(string path)

Get the file extension from the given path.

string absol ute(string path)

Make the given path absolute (i.e. full path).

string add-part(string path,string part)

Addthegiven part to the path using the platform specific
path delimiter.

nunber size(string file)

Get the size (in bytes) of the givenfile.

nunmber ntine(string path)

Get the modification time of the given file or directory.

string cwd()

Get the current working directory.

string tenpdir()

Get the directory for temporary files.

string delimter()

Get the path delimiter of the target platform.

bool ean exi sts(string path)

Return true if the given file or directory exists.

bool ean is-dir(string path)

Return true if the given path points to a directory.

bool ean is-file(string path)

Return true if the given path pointsto afile.

bool ean i s-absol ute(string path)

Return true if the given path is absolute (i.e. full path).

string to-uri(string path)

Get the file URI build from the given path (i.e.
file://...).

string read-file(string uri)

Read afile from a given URI and return its content as
string.

The following extension functions are defined in the namespace "http://www.pure-systems.com/string" and pro-

vide additional string operations.
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Table 9.21. Extension functions providing string oper ations

Function Description

nodeset parse(string xnl) Parse the given string as XML and return the resulting
node set.

bool ean mat ches(string str,string pattern) |Match the regular expression pattern against the given
string. Return true if the pattern matches.

nodeset match(string str,string pattern) Match the regular expression pattern against the given
string and return the set of sub-matches.

string submatch(string Match the regular expression pattern against the given
str,string pattern, nunber n) string and return the n-th sub-match.

string replace(string str,string Replace the matches in the given string with the re-

pattern,string repl acement, nunber n?) placement string using the regular expression match pat-

tern. The optional fourth parameter specifies the maxi-
mal number of replacements. 0 meansall, 1 meanstore-
place only thefirst, 2 meansto replace the first 2 match-
es etc. Returns the resulting string.

string expand(string str) Expand variables in the given string and return the ex-
panded string. Variables are recognized by the follow-
ing pattern: $( VARI ABLENAVE) . See Section 9.10, “Pre-
defined Variables’ for thelist of supported variables.

Further information about XSLT extension functions is available in the externa document XML Transfor mation
System.

9.10. Predefined Variables

There are several placesin pure::variants where variables are supported. That are for instance the transformation
input and output paths as well as in the parameters of transformation modules. The following pattern is used for
accessing variables: $( VAR ABLENANE) .

Table 9.22. Supported Variables

Variable Description
I NPUT Transformation input directory.
QUTPUT Transformation output directory.
CONFI GSPACE Path to the Configuration Space folder.
PRQIECT Path the folder of the current project.

PROJECT:name Path to the folder of the project with the given name.

WORKSPACE Path the workspace folder.
MODULEBASE Path the transformation module base folder.
VARI ANT Name of the current variant, i.e. the name of the VDM currently being evaluated

resp. transformed.

VARI ANTSPATH Name of the currently being evaluated resp. transformed VDM prefixed by the names
of the parent VDMs. The names are separated by a dash. If a VDM is not linked,
then the value of VARI ANTSPATH isidentical to the value of VAR ANT.

9.11. Regular Expressions

Regular expressions are used to match patterns against strings.
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9.11.1.

Characters

Within a pattern, al charactersexcept ., |, (,), [, {, +,\, *, $, *, and ? match themselves. If you want to match one
of these special characters literally, precede it with a backslash.

Patterns for matching single characters:

X
\

\\

\On
\Onn
\Omnn
\xhh
\uhhhh
\t

\n

\r

\f

\a

\e

\cx

Matches the character x.

Matches nothing, but quotes the following character.
Matches the backslash character.

Matches the character with octal value On (0 <=n<=7).
Matches the character with octal value Onn (0 <=n<=7).
Matches the character with octal value Omnn (0<=m<=3,0<=n<=7).
Matches the character with hexadecimal value Oxhh.
Matches the character with hexadecimal value Oxhhhh.
Matches the tab character (\u0009").

Matches the newline (line feed) character (\uOOOA").
Matches the carriage-return character (\uOOOD").

Matches the form-feed character (\uOOOC).

Matches the alert (bell) character (\u0007").

Matches the escape character (\uO01B").

Matches the control character corresponding to x.

To match a character from a set of characters the following character classes are supported. A character classis
a set of characters between brackets. The significance of the special regular expression characters ., |, (, ), [, {, +,
A, $, *, and ?is turned off inside the brackets. However, normal string substitution still occurs, so (for example)
\b represents a backspace character and \n a newline. To include the literal characters] and - within a character
class, they must appear at the start.

[abc] Matches the characters a, b, or c.

[~abc] Matches any character except a, b, or ¢ (negation).

[azA-Z] Matches the characters a through z or A through Z, inclusive (range).
[ad[m-p]] Matches the characters a through d, or m through p: [a-dm-p] (union).

[a-z& & [def]] Matches the characters d, e, or f (intersection).

[az& & ["bc]] Matches the characters a through z, except for b and c: [ad-z] (subtraction).
[az& & ["m-p]] Matches the characters a through z, and not m through p: [a-1g-z] (subtraction).

Predefined character classes:

Matches any character.

\d Matchesadigit: [0-9].
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Character Sequences

\D Matchesanon-digit: [*0-9].

\s  Matches awhitespace character: [ \t\n\xOB\f\r].
\S Matches a non-whitespace character: [M\g].

\w  Matchesaword character: [azA-Z_0-9].

\W Matches a non-word character: [\w].

POSIX character classes (US-ASCII):

\p{ Lower} Matches a lower-case al phabetic character: [a-Z].

\p{ Upper} Matches an upper-case a phabetic character: [A-Z].

\p{ ASCI1} Matches all ASCII characters: [\x00-\x7F].

\p{ Alpha} Matches an alphabetic character: [\p{ Lower}\p{ Upper}].
\p{ Digit} Matches adecimal digit: [0-9].

\p{ Alnum} Matches an alphanumeric character: [\p{ Alpha}\p{ Digit}].

\p{ Punct} Matches a punctuation character: one of "#3%&'()* +,-./;;<=>?@[\|* _{[}~
\p{ Graph} Matches a visible character: [\p{ Alnum}\p{ Punct}].

\p{ Print} Matches a printable character: [\p{ Graph}].

\p{ Print} Matches a space or atab: [ \].

\p{ Cntrl} Matches a control character; [\x00-\x1F\X7F].

\p{ XDigit} Matches a hexadecimal digit: [0-9a-fA-F].
\p{ Space} Matches a whitespace character: [ \t\n\xOB\f\r].

Classes for Unicode blocks and categories:

\p{ InGreek} Matches a character in the Greek block (simple block).

\p{Lu} Matches an uppercase letter (simple category).

\p{ Sc} Matches a currency symbol.

\P{InGreek} Matches any character except one in the Greek block (negation).
\p{L}&&[Mp{Lu}]] Matches any letter except an uppercase letter (subtraction).

9.11.2. Character Sequences

Character sequences are matched by string the characters together.

XY Matches X followed by Y.

The following constructs are used to easily match character sequences containing special characters.
\Q Quotesall characters until \E.

\E Endsquoting started by \Q.
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Repetition

9.11.3. Repetition

Repetition modifiers allow to match multiple occurrences of a pattern.

X? Matches X once or not at all.
X* Matches X zero or more times.
X+ Matches X one or more times.
X{n} Matches X exactly n times.

X{n} Matches X at least n times.
X{nm} MatchesX at least n but not more than m times.

These patterns are greedy, i.e. they will match as much of a string as they can. This behavior can be altered to let
them match the minimum by adding a question mark suffix to the repetition modifier.

9.11.4. Alternation

An unescaped vertical bar "[" matches either the regular expression that precedes it or the regular expression that
followsit.

X|Y Matcheseither X or Y.

9.11.5. Grouping

Parentheses are used to group terms within aregular expression. Everything within the group istreated asasingle
regular expression.

(X) MatchesX.

9.11.6. Boundaries

The following boundaries can be specified.

A Matches the beginning of aline.

$ Matchestheend of aline.

\b  Matches aword boundary.

\B Matches anon-word boundary.

\A  Matches the beginning of the string.

\G Matchesthe end of the previous match.

\Z Matchesthe end of the string but for the final terminator (e.g newline), if any.

\z  Matchesthe end of the string.

9.11.7. Back References

Back referencesallow to use part of the current match later in that match, i.e. to look for variousforms of repetition.

\n  Whatever the n-th group matched.

9.12. Keyboard Shortcuts

Some of the following keyboard shortcuts may not be supported on all operating systems.
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Keyboard Shortcuts

Table 9.23. Common Keyboard Shortcuts

Key Action
CTRL+Z Undo
CTRL+Y Redo
CTRL+C Copy into clipboard
CTRL+X Cut into clipboard
CTRL+V Paste from clipboard

Table 9.24. M odel Editor Keyboard Shortcuts

Key Action

ENTER Show properties dialog
DEL / ENTF Delete selected elements
Up/Down cursor keys Navigate tree

L eft/Right cursor keys

Collapse or expand subtree

CTRL+O Open Quick-Outline
Table 9.25. Graph Editor Keyboard Shortcuts
Key Action
CTRL+P Print graph
CTRL+= Zoomin
CTRL+- Zoom out
CTRL+ALT+A Show relation arrows in graph
CTRL+ALT+X Expand compl ete subtrees of selected elements
ALT+X Expand one level of selected elements
ALT+C Collapse selected elements
ALT+H Layout graph horizontal
ALT+V Layout graph vertical
ALT+DEL Hide selected elements

161



162



Chapter 10. Appendices

10.1. Software Configuration

pure::variants may be configured from the configuration page (located in Window->Preferences->Variant Man-
agement). The available configuration options allow the license status to be checked, the plug-in logging options
to be specified and the configuration of some aspects of the internal operations of the plug-in to be specified. pure-
systems support staff may ask you to configure the software with specific logging optionsin order to help identify

any problems you may experience.

Figure 10.1. The configuration dialog of pure::variants
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I type Filter text - l
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- AMTLR, Editar

H- Aspect]

H- Eneriy
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H- Install/Update
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[+~ o¥ygen

[+ Plug-in Development
[+~ RunfDebug
[+ Team
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Yariant Management L= = I

General settings

Local Logfile location: | C:fTemp Brawse. .. |

—Log level:
" standard information [0]

&+ Error logging [1]

"+ Client connection and session handling logging [2]
"+ Modeling, evaluate and transform logging [3]
"+ Commands logging [4]

"+ Commands inkernal logging [5]

"+ Request dumping [7]

"+ Method tracing [2]

"+ Response dumping {all) [9]

¥ Clear logfile on startup

Clear stared dialag decisions

Restore Defaults | Apply |
QK I Cancel |

10.2. User Interface Advanced Concepts

10.2.1. Console View

Thisview is used to alter the information that is logged during program operation. The amount of information to
belogged is controlled via a preferences menu and this can be changed at any time by selecting the log level icon
in the view's toolbar. The changed logging level is active only for the current session.

Note

If the preferences menu is used instead to change the logging level then this applies to this session and

every subsequent session.

10.3. Glossary

Configuration Space

Context Menu

The Configuration Space describes the set of Input Models for creating
product variants. It also defines the transformation of variants.

A menu, which is customized according to the user interface item the us-
er is currently pointing at (with the mouse). On Windows, Linux and Ma-
cOS X (with two or more mouse buttons), the right mouse button is usually
configured to open the context menu. Under MacOS X (with single button
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Glossary

csv

DOT

EBNF

Family Model

Family Model Editor

Matrix Editor

Feature Model

Feature Model Editor

HTML
Input Model

Link Element

Model Rank

mouse) the command key and then the mouse button have to be pressed
(while still holding the command key) to open the context menu.

Comma Separated Vauelist. A simple text format often used to exchange
spreadsheet data. Each line represents a table row, columns are separated
with a comma character or other special characters (e.g. if the commain
the user'slocale is used in floating point numbers like in Germany).

The name of atool and its input format for automatic graph layouting.
The tool is part of the GraphViz package available as open source from
www.graphviz.org.

Extended Backus-Naur Form. A common way to describe programming
language grammars. The Backus-Naur Form (BNF) is a convenient means
for writing down the grammar of a context-free language. The Extended
Backus-Naur Form (EBNF) adds the regular expression syntax of regular
languages to the BNF notation, in order to alow very compact specifica-
tions. The 1SO 14977 standard defines a common uniform precise EBNF
syntaxt.

Thismodel typeis used to describe how the products in a product line will
be assembled or generated from pre-specified components. Each compo-
nent in a Family Model represents one or more functional elements of the
products in the product line, for example software (in the form of classes,
objects, functions or variables) or documentation. Family models are de-
scribed in more detail in Section 5.4, “Family Models”.

The editor for Family Models. See Section 7.3.3, “Family Model Editor”
for a detailed description.

The editor for Configuration Spaces. See Section 7.3.7, “Matrix Editor” for
a detailed description.

This model type is used to describe the products of a product line in terms
of the featuresthat are common to those products and the features that vary
between those products. Each feature in a Feature Model represents a prop-
erty of aproduct that will be visible to the user of that product. These mod-
els aso specify relationships between features, for example, choices be-
tween alternative features. Feature Models are described in more detail in
Section 5.3, “Feature Models’.

The editor for Feature Models. See Section 7.3.2, “Feature Model Editor”
for a detailed description.

Hyper Text Markup Language.

Input Models are the Feature and Family Models of a Configuration Space.
They are added to a Configuration Space using the Configuration Space
properties dialog. See Figure 6.9, “ Configuration Space properties. Model
Selection” for more information.

Elements in models that represent linksto VDMs or Configuration Spaces
to create avariant hierarchy. See Section 6.2.1, “Hierarchical Variant Com-
position” for a detailed description.

Themodel rank isapositiveinteger that isused to control the order inwhich
the models of a Configuration Space are evaluated. Models are evaluated
from higher to lower ranks, i.e. models with rank 1 (highest) are evaluated
before models with rank 2 or lower. The rank of a model is specific to a
Configuration Space and can be set in the Configuration Space properties.
The default rank is 1.
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Glossary

OCL

Prolog

pvSCL

UML

URL

Variant Description Model

Variant Result Model

VDM

VDM Editor

VRM Editor

XML

XML Namespace

XMLTS

XPath

XSLT

Object Constraint Language. A standardized declarative language for spec-
ifying constraints on UML models. See http://www.omg.org.

PROgramming in LOGic. A programming language based on predicatelog-
ic.

pure::variants Simple Constraint Language. A simple language to express
constraints, restrictions and calculations.

Unified Modeling Language. A standardized language for expressing soft-
ware architectures and similar information. See http://www.omg.org.

Uniform Resource Locator. A standardized format for expressing the type
and location of aresource (i.e. afile or service access point). Most com-
monly used for referring to HTML pages on an HTTP web server (e.g.
http://my.server.org/index.html)

This model type is used to describe the set of features of a single product
in the product line. Taking the Input Models of a Configuration Space and
making choices where there isvariability in the Input Models creates these
models. VDMs are described in more detail in Section 5.5, “Variant De-
scription Models’.

This model is the result of evaluating the input models of a Configuration
Space according to a given element selection (VDM). It represents a spe-
cific variant of the input models and is used as the input for the transforma-
tion. See Section 5.9.2, “Variant Result Models’ for adetailed description.

Abbreviation of Variant Description Model.

The editor for the pure::variants Variant Description Model. See Sec-
tion 7.3.4, “Variant Description Model Editor” for detailed information
about it.

The editor for Variant Result Models. See Section 7.3.5, “Variant Result
Model Editor” for a detailed description.

eXtensible Markup Language. A simple standardized language for repre-
senting structured information. See http://www.w3.0rg.

To provide support for independent development of XML markup elements
(DTD/XML Schema) without name clashes, XML has a concept to provide
severa independent namespaces in a single XML document. See http:/
Www.w3.0rg.

XML Transformation System. The name for the pure::variants transforma-
tion system for generating variants from XML based models.

XPath is part of the XML standard family and is used to describe locations
in XML documents but also contains additional functions e.g. for string
manipulation. XPath is heavily used in XSLT.

XML Stylesheet Language Transformations. A standardized language for
describing XML document transformation rules. See http://www.w3.0rg.
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Element, 22
Feature, 26
Hide, 85
List Attribute, 23, 23
Set Attribute, 23, 23
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Vaue Types, 23, 117
ps:boolean, 117
ps.class, 117
ps.datetime, 117
ps.directory, 117
ps.element, 117
ps.feature, 117
ps:filetype, 117
ps:float, 117
ps:html, 117
ps.insertionmode, 117
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ps.path, 117
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ps.url, 117
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Attributes
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View, 104
Auto Resolver
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C
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Editor, 94
pvProlog, 127
Compare
Model, 63
Models, 103
Configuration Space
Transformation, 44
Constraints
Editor, 94
Editor Pages, 85
Model, 22

D
Default Selected

Element Properties, 38, 90
Dialog

Element Selection, 96

E
Editor

Attributes, 91
Calculations, 94
Common Pages, 84
Configuration Space, 44
Constraints, 94
Family Model, 100
Feature Model, 97
Filter, 68
Metrics, 69
Quick Overview, 68
Relations, 90
Restrictions, 94
Variant Description Model, 100
Variant Result Model, 102
Editor Pages
Constraints, 85
Graph, 86
Table, 85
Tree, 84
Element
Attribute, 22
Calculation, 24, 24
Constraints, 22
Default Selection State, 38
Restrictions, 22
Selection Dialog, 96
Variation Types, 119
Element Properties
Attributes Page, 91
Constraints Page, 93
Didog, 89
General Page, 89
Relations Page, 90
Restrictions Page, 93
Element Selection
Variant Description Model, 100
Element Variation Types
Alternative, 119
Mandatory, 119
Optional, 119
Or, 119
Evaluation, 37
Prolog Code Library, 136
pvSCL Code Library, 152
Variant Description Model, 31
Export
Model, 72
Expression Editor, 94

F
Family Model, 26
Editor, 100
Element Variation Types, 119
Part Element Types, 125
ps:class, 126
ps.classalias, 126
ps:feature, 127
ps:flag, 126
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ps.variable, 127
Restrictions, 28
Source Element Types, 119
ps.classaliasfile, 124
ps.condtext, 123
ps:.condxml, 121
ps:.dir, 120
psfile, 120
ps:flagfile, 124
ps.fragment, 121
ps:makefile, 124
ps:symlink, 125
ps:transform, 121
Feature
Attributes, 26
Constraints, 22
Relations, 22
Restrictions, 22
Feature Model, 25
Editor, 97
Element Variation Types, 119
Features
Matrix Editor, 103
Filter
Model, 68

G
Graph Visualization
Editor Pages, 86

H

Hierarchical Variant Composition, 30, 41

I
Import
Modd, 77

K
Keyboard Shortcuts, 160

L
Language Support, 71
List Attribute, 23, 23

M

Metrics
Model, 69
Model
Common Properties, 112
Compare, 63, 103
Constraints, 22
Export, 72
Family, 26
Feature, 25
Filter, 68
General Properties, 113
Import, 77

Meta Attributes, 134
Metrics, 69
Prolog Code Library, 136
Properties, 112
pvSCL Code Library, 152
Search, 65
Validation, 58
Variant Description, 30
Variant Result, 34
Moded Meta Attributes
author, 134
date, 134
dir, 134
file, 134
name, 134
time, 134
version, 134
Multiple
Transformation, 57

O

Outline
View, 107
Outline View
Variant Description Model, 101

P

Problems
View, 107

Projects
View, 111

Properties
View, 107

pvProlog
advanced examples, 134
Calculations, 127
Code Library, 136
element references, 128
parent, 128
Restrictions, 127

pvProlog Functions, 129
aternativeChild, 132
checkMax, 133
checkMin, 133
checkRange, 133
errorMsg, 132
false, 129
getAllChildren, 133
getAllSelectedChildren, 133
getAttribute, 130
getAttributeld, 130
getAttributeName, 130
getAttributeType, 130
getContext, 130
getElementChildren, 131
getElementClass, 131
getElementModel, 131
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getElementName, 131
getElementParents, 131
getElementRoot, 131
getElementType, 131
getElementVisibleName, 131
getMatchingAttributes, 131
getMatchingElements, 131
getM atchingSel ectedElements, 133
getModelList, 131

getSelf, 130
getVariantContext, 131
getVariantContextld, 131
getVariantContextName, 131
getVariantld, 131

has, 132

hasAttribute, 130
hasComponent, 133
hasElement, 132

hasFeature, 132

hasPart, 133

hasSource, 133

infoMsg, 132

isElement, 130

isFalse, 130

isFamilyM odel Element, 130
isFeatureM odel Element, 130
isTrue, 130

isVariant, 131

not, 129

singleSubfeature, 132
subfeatureCount, 132
subnodeCount, 132

sumSel ectedSubtreeAttributes, 133
true, 129

userMessage, 132
warningMsg, 132

pvProlog Operators, 129

and, 129
equiv, 129
implies, 129
or, 129

xor, 129

pvSCL

Code Library, 152

pvSCL Functions

pv:Abs, 144
pv:AllChildren, 144
pv:Append(expr), 144
pv:AsSet, 145
pv:Attribute(name), 145
pv:Characters(), 145
pv:Child(index), 145
pv:Children, 145
pv:ChildrenByState(state),

pv:ChildrenByState(state,sel ector), 145

pv:Class, 145
pv:Collect(iterator), 146
pv:DefaultSelected, 146

pv:Element(name-or-id), 146
pv:Fail(message), 146

pv:Floor, 146
pv:ForAll(iterator), 146

pv:Get, pv:Get(index), 146
pv:HasAttribute(name), 146
pv:HasElement(name-or-id), 147
pv:HasM odel (name-or-id), 147
pv:ID, 147

pv:IndexOf (sub-string), 147
pv:Inform(message), 147
pv:IsContainer, 147

pv:IsFixed, 147

pv:Isinheritable, 147
pv:1sKindOf(type), 147
pv:ltem(index), 148
pv:Iterate(accumulator), 148
pv:Max, 148

pv:Min, 148

pv:Model, pv:Model (name-or-id), 148
pv:Models, pv:Models(type), 148
pv:Name, 148

pv:Parent, 149

pv:Prepend(expr), 149
pv:Relations, pv:Relations(type), 149
pv:RootElement, 149

pv:Round, 149
pv:Select(iterator), 149
pv:Selected, 149
pv:SelectedChildren,  pv:SelectedChildren(type),
149

pv:SelectionState, 150
pv:Selector, 150

pv:Size, 150
pv:SubString(begin), pv:SubString(begin,end), 150
pv:Sum, 150

pv:Target(index), 150

pv:Targets, 150

pv:ToFloat, 151
pv:ToLowerCase, 151
pv:ToString, 151
pv:ToUpperCase, 151

pv:Type, 151

pv:VariationType, 151
pv:VName, 151
pv:Warn(message), 152

R

Refactoring, 62

Regular Expressions, 157

Relation Types
ps:conditional Requires, 117
ps.conflicts, 118
ps:conflictsAny, 118
ps.defaultProvider, 118
ps.discourages, 118
ps.discouragesAny, 118
ps:exclusiveProvider, 118
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ps:expansionProvider, 118
ps:influences, 118
ps:provides, 118
ps:recommendedFor, 117

ps:recommendedForAll, 117

ps:recommends, 117
ps:recommendsAll, 117
ps:requestsProvider, 118
ps:requiredFor, 117
ps:requiredForAll, 117
ps:requires, 117
ps:requiresAll, 117
ps:sharedProvider, 118
ps:supports, 117
Relations
Editor, 90
Feature, 22
View, 108
Restrictions
Editor, 94
Element, 22
Family Model, 28
pvProlog, 127
Result
DeltaMode, 110
View, 109

S

Search, 65
Model, 65
Quick Overview, 68
View, 106

Set Attribute, 23, 23

T
Tasks

View, 107
Transformation, 44

JavaScript, 52

Regular Expression, 50

Standard Transformation, 48
Variant Description Model, 33

Variant Result Model, 34

XSLT Extension Functions, 152

XSLT Transformation, 53
Type Model, 70

\Y

Validation
Models, 58

Variables, 157
CONFIGSPACE, 157
INPUT, 157
MODULEBASE, 157
OUTPUT, 157
PROJECT, 157
VARIANT, 157

VARIANTSPATH, 157

WORKSPACE, 157
Variant

Matrix Editor, 103

Variant Description Model, 30

Auto Resolver, 39
Editor, 100
Evaluation, 31
Inheritance, 30, 114
Load Selection, 44
Outling, 101
Selection Types, 119
Auto, 119
Auto Excluded, 119
Excluded, 119
Implicit, 119
Mapped, 119
Non-Selectable, 119
User, 119
Transformation, 33
Variant Projects
View, 111
Variant Result Model
Editor, 102
Transformation, 34
Views
Attributes, 104
Matrix Edior, 103
Outline, 107
Problems, 107
Properties, 107
Relations, 108
Result, 109
Search, 106
Tasks, 107
Variant Projects, 111
Visualization, 105
Visualization
View, 105

X

XSLT Elements
error, 156
info, 155
log, 155
warning, 156

XSLT Extension Functions, 152

XSLT Functions
above-exit-point, 155
absolute, 156
add-part, 156
basename, 156
bel ow-entry-point, 155
current, 154
cwd, 156
delimiter, 156
dirname, 156
entry-points, 155

170



error, 155

exists, 156
exit-points, 155
expand, 157
extension, 156
filename, 156
generate-id, 154
getAttribute, 154

getAttributeValue, 154
getChildrenTargets, 153

getElement, 153
hasAttribute, 153

hasAttributeValue, 154

hasComponent, 153
hasElement, 153
hasFeature, 153
hasPart, 153
hasSource, 153
info, 155
input-path, 154
is-absolute, 156
is-dir, 156
is-file, 156

log, 155

match, 157
matches, 157
model-by-id, 153
model-by-name, 153
model-by-type, 153
models, 153
mtime, 156
normalize, 156
os, 154
output-path, 154
parse, 157
read-file, 156
replace, 157
results-for, 155
size, 156
submatch, 157
tempdir, 156
to-uri, 156
version, 154
warning, 155
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