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Abstract

The explicit definition of variability in software 

product lines is a key difference between the devel-

opment of single software systems and software 

product line engineering. More and more companies 

maintain several software product lines which focus 

on different types of products, market segments, 

and/or domains. Those product lines typically share 

commonalities and variability. The companies thus 

face the problem of managing communality and vari-

ability across different product lines. 

In this paper we identify essential requirements 

for the documentation of requirements variability 

across product lines. We propose a meta model for 

structuring the variability information, sketch a pro-

totypical realisation for managing variability across 

product lines  in DOORS, and illustrate the use of the 

meta model in a small example. We further report on 

experiences made with the proposed variability mod-

elling approach. 

1. Introduction

A key difference between the development of sin-

gle software systems and software product line engi-

neering is the explicit definition of variability (cf. 

[6]). Companies often face the problem of managing 

variability and commonalities between different soft-

ware product lines (cf. e.g., [1,8]). Van Ommering 

([9]) suggests that reuse between product lines is 

necessary, and Thompson and Heimdahl ([12]) ob-

served that a part of the commonalities and variabil-

ity can be shared among product lines. This also re-

flects our observations in industrial projects.  

For example, an electronic company may have 

product lines for DVD players, hard disk recorders, 

and for mp3 players. For each product line common 

and variable requirements and features are defined, 

but the different product lines also share common and 

variable requirements and features. Consider for ex-

ample, the requirements to play and record mp3 files. 

Within the DVD player product line, some players 

offer the functionality to play mp3 files. Within the 

mp3 player product line, playing mp3 files is manda-

tory, i.e. all mp3 players offer this functionality. Fur-

thermore, some mp3 players also offer the functional-

ity of recording mp3 files. Within the hard disk re-

corder product line, some recorders are able to play 

and record mp3 files (cf. Figure 1). In addition, the 

three product lines share additional requirements and 

offer different functionality such as different video 

algorithms for DVD players and hard disk recorders, 

or advanced audio features like Dolby Surround, or 

an audio equaliser. 

Figure 1: Different product lines within a 
company 

Obviously a company benefits from the ability to 

manage those commonalities (invariants) and vari-

ability across the different product lines. Thus, vari-

ability and commonalities have to be managed across 

product lines.  

In this paper we propose an meta model for struc-

turing variability information across product lines, 
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report on a prototypical implementation in DOORS 

as well as on experiences made with our approach. 

We focus on the definition and management of vari-

ability and commonalities in the requirements arte-

facts.

In Section 2 we define three essential require-

ments for documenting variability across product 

lines. We characterise the state-of-the-art based on 

those requirements (Section 3). In Section 4 we in-

troduce our variability meta model used to structure 

variability information. For documenting and manag-

ing variability information across product lines, we 

extended tzhe meta model in Section 5. In Section 6 

we sketch a prototypical realisation of the meta 

model in DOORS. In Section 7 we briefly report on 

our experience with this approach. Finally, we sum-

marises our contribution and provides an outlook on 

our future work (Section 8). 

2. Requirements for Documenting

Variability across Product Lines 

For structuring and managing variability informa-

tion across product lines, we identified three essential 

requirements:   

R1: Document for which product line(s) a require-

ment is valid and whether it is common, op-

tional, or alternative. For example, the require-

ment “record mp3 files” is part of the mp3 player 

product line as well as the hard disk recorder 

product line. The requirement “play mp3 files” is 

obviously a commonality for the mp3 player and 

the hard disk recorder product lines. It is, in addi-

tion, optional for the DVD player product line. 

R2: Ensure a product line-specific recording of vari-

ability constraints. Variability constraints can dif-

fer from product line to product line. For exam-

ple, in the hard disk recorder product line, the re-

quirement “play DivX files” requires the require-

ment “record DivX files” which enables the hard 

disk recorder to record DivX files which can then 

be played. The DVD recorder product line also 

offers the optional requirements “play DivX files” 

and “record DivX files”. However, in this case 

the “play DivX files” requirement does not re-

quire the “record DivX files” requirement since 

the DVD recorder can play DivX files from a 

disk.  

R3: Facilitate the creation of views on the docu-

mented variability and constraints. An approach 

for documenting and managing variability infor-

mation across product lines has to support selec-

tive retrieval of variability and commonality in-

formation, including variability constraints. For 

example, it should be possible to create a view 

that includes the requirements that are common 

for all product lines. Or, it should be possible to 

retrieve all requirements which are defined as 

variable in all product lines, or one should be able 

to retrieve the commonalities and differences for 

a given set of product lines (e.g. for the product 

lines DVD player and hard disk recorder). 

3.  State of the Art 

Several research contributions deal with the docu-

mentation of variability for one software product line. 

For example, Sinnema et al. ([11]) suggest a frame-

work for modelling variability in software product 

lines. Bachmann et al. ([2]) suggest the documenta-

tion of variability for software product lines in a cen-

tral conceptual model. Kang et al. ([7]) suggest a 

feature-model based documentation of the variability 

in a software product line. Van Ommering ([9]) fo-

cuses on building product populations with software 

components. His contribution considers more than 

one product line but does not deal with the documen-

tation of variability in requirements.  

Thompson and Heimdahl ([12]) propose a set-

based approach to structure commonalities and vari-

ability in requirements across product lines. They 

argue that variability and constraints for variability 

can be defined within sets across product lines. They 

illustrate their approach using textual examples. 

However, the variability information within the sets 

appears to be unstructured. For example they do not 

differentiate between variation points and variants 

nor do they deal with variability constraints. There-

fore R1 and R2 are not fulfilled. Without structuring 

the variability information, selective retrieval of the 

information is hard. There approach does thus not 

fulfil requirement R3. In contrast to Thompson and 

Heimdahl, we define a meta model to structure vari-

ability information and define the variability across 

product lines as “views” on this structure. 

4. The Core Variability Meta Model 

For documenting the variability of a product line, we 

follow the suggestion proposed in [2]: 

a) to explicitly define the variability of the product 

line in a conceptual model; 

b) to differentiate between variation points, variants, 

variability and constraint dependencies. 

c) to document the variability information separately 

(see [2] for an argumentation), i.e. not to define 
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the variability information within the different re-

quirements artefacts. 

Figure 2b2 depicts our meta model for structuring 

the variability information. The meta model is repre-

sented using UML 2.0 and based on the meta model 

proposed in [2]. In the following we use italic to 

highlight model elements in the text and quotation 

marks to indicate examples. 

A variation point represents a variation subject 

and defines what can vary in a product line. A vari-

ant represents the variation object and defines a con-

crete type of variation (cf. [10]). A variant is related 

to a variation point using a variability dependency. A

variant can be related to one or more variation points 

(multiplicity 1..n) and a variation point is at least as-

sociated with an variability dependency to one vari-

ant, but can of course be associated with more than 

one variant (multiplicity 1..n). 

The variability dependency defines whether a 

variant is mandatory or optional for the variation 

point:

Mandatory: A variant assigned to a variation 

point using a mandatory dependency has always 

to be selected for this variation point.  

Optional: A variant assigned to an variation point 

using an optional dependency can be selected for 

this variation point, but must not be selected. 

For the optional variability dependencies, often a 

selection range has to be specified, e.g. if one wants 

to ensure that from a set of five optional variants at 

least two and at most three variants are being selected 

for product of the product line. We therefore define 

the alternative choice which groups a number of op-

tional variability dependencies. An optional variabil-

ity dependency can be part of an alternative choice

(multiplicity 0..1) and an alternative choice has at 

least two optional variability dependencies (multi-

plicity 2..n). The attributes min and max of the alter-

native choice define upper and lower bounds for a 

possible selection, e.g., if min=2 and max=3 from the 

alternative choice set two or three variants have to be 

selected. Obviously, the number of optional variants 

grouped by the alternative choice has to be at least 

equal to the max definition. 

A requirements artefact (e.g. a use case, scenario, 

textual requirements specification, data model) is 

represented by the element requirements artefact. A 

requirements artefact is assigned to the variant of the 

variability model using a specified by dependency. 

By assigning a requirements artefact to a variant, the 

requirements artefact becomes variable. If a require-

                                                          
2 For reasons of space limitation, we use the following abbrevia-

tions: VP = variation point; V = variant. 

ments artefact is not related to any variant, the arte-

fact represents a commonality for the product line. 

The multiplicities express that a requirements artefact 

can be related to several variants (multiplicity 0..n), 

and a variant must be related to at least one require-

ments artefact (multiplicity 1..n). The specified by 

assignment between a variant and the different prod-

uct line requirements supports the traceability be-

tween the variability model and the requirements 

artefacts. For example, one can trace all affected re-

quirements artefacts for a given variant, or all vari-

ants that are related to a given requirements artefact, 

or all scenarios associated to a set of variants, etc. 

The variant constraint dependency is used to de-

fine variability constraints which exist between two 

variants. A variant can constrain an arbitrary number 

of variants and a variant can be constrained by an 

arbitrary number of variants (multiplicity 0..n at both 

ends). We distinguish between: 

The variant requires variant dependency, which 

defines that a variant requires a variant. For ex-

ample, if, for technical reasons, the variant “re-

cord mp3 files” requires the variant “play mp3 

files“ a variant requires variant dependency is in-

troduced between the two variants .

The variant excludes variant dependency, which 

defines that a variant excludes another variant. 

For example, if, for legal reasons, the variant 

“play DivX video files” excludes the variant 

“play mpeg4 video files” a variant excludes vari-

ant dependency is introduced between the two 

variants.  

The variant variation point constraint depend-

ency defines the relation between the variant and the 

variation point and is a directed edge from the varia-

tion point to the corresponding variant. In contrast to 

feature modelling approaches, we experienced that 

defining variability information for a product line 

does not lead to a hierarchical structure, but to a 

graph (this observation is was made by other re-

searchers, e.g. [11]. We therefore introduce a con-

straint dependencies between variants and variation 

points. We distinguish between: 

 The variant requires variation point depend-

ency, which defines that the selection of a variant

requires the selection of additional variants for 

the related variation point. For example, assume 

that a variation point “wireless system” offers the 

variants “IEEE802.1b, IEEE802.1g and Blue-

tooth™”. and that a variant requires variation 

point dependency between the variant “wireless 

media connection” and the variation point “wire-

less system” is defined. This dependency requires 

Proceedings of the 2005 13th IEEE International Conference on Requirements Engineering (RE’05) 
0-7695-2425-7/05 $20.00 © 2005 IEEE 



that if the variant “wireless media connection” is 

chosen, a selection of the variants defined for the 

variation point “wireless system” is required (as 

defined by the variability dependencies for the 

“wireless system” variation point). 

The variant excludes variation point depend-

ency, which defines that the selection of a variant

disables the selection of all variants of an varia-

tion point; e.g., the selection of the variant “flash 

memory” (for file storage) excludes the consid-

eration of the variation point “record video” and 

thus the selection of any variant defined for this 

variation point (because the available flash mem-

ory is not capable of handling the necessary 

amount of data). 

The variation point constraint dependency de-

fines constraints between variation points that affect 

all related variants (cf. [5]), we distinguish between: 

The variation point requires variation point de-

pendency, which defines that all variants of a 

variant point require an arbitrary variant of the 

related variation point. For example, all variants 

of the variation point “record audio files” require 

a variant of the variation point “audio storage”. 

The variation point excludes variation point de-

pendency, which defines that all variants of a 

variation point exclude all variants of another 

variation point. For example, all variants of the 

variation point “LCD display” exclude all vari-

ants of the variation point “OLED (organic light 

emitting diode) display”. 

5.  Modelling Requirements Variability 

across Product Lines

In our industrial cooperation we observed that dif-

ferent product lines often share the same require-

ments as commonality or as variability. As a conse-

quence, variability information between different 

product lines is, in part, redundantly defined. This 

causes the following problems: 

The redundant definition leads to additional effort 

for each product line. 

The redundant definition bears a high risk of in-

consistencies between the definitions. 

Equal or similar variability definitions across the 

product lines are hard to identify. 

Single

Product Line

Figure 2b

Variation

Point

Variant

Variability

Dependency

Mandatory

Optional

VP_requires_VP

VP_excludes_VP

Requirements

Artefact

V_requires_VP

V_excludes_VP

V_requires_ V

V_excludes_V

Figure 2a

Set of

Product Lines

Variant

Constraint Dependency

Variation Point 

Constraint Dependency

Variant Variation Point

Constraint Dependency

is valid V VP

Abstract

Product Line

Figure 2: Extended variability meta model2
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Generally speaking, a variability definition could 

be valid for a single product line, for a set of product 

lines (e.g. for the DVD player and DVD recorder 

product lines), or for all product lines of the organisa-

tion. 

By assigning variability to different product lines 

(or set of product lines) it is possible to define for 

which product line (or set of product lines) a variabil-

ity information is valid. For example, the requirement 

“play mp3” is mandatory for the mp3 player product 

line, but optional for DVD player product line. 

5.1. Extension of the Variability Meta Model 

For being able to define for which product line or 

set of product lines a particular variability informa-

tion is valid, we extend the variability meta model 

introduced in Section 4 (cf. Figure 2a). 

To represent a product line, we introduce the class 

single product line. The instantiations of this class 

represent concrete product lines from which products 

can be derived (e.g. a “DVD player” product line). 

The class set of product lines is defined to group sin-

gle product lines into sets. This grouping enables us 

to represent that a variability definition is valid for a 

set of product lines; e.g., that a variability definition 

is valid for the “DVD player” and “CD player” prod-

uct lines.  

The class single product line and the class set of 

product lines are generalised by the abstract class 

abstract product line. The aggregation association 

between the class set of product lines and the class 

abstract product lines enforces that the class set of 

product lines either consists of: 

a) at least two instances of single product line, or 

b) an instance of single product line and an in-

stance of set of product lines, or 

c) at least two instances of set of product lines.

The class abstract product line is related to the 

class variability dependency through a variability 

dependency is valid relation. This relation defines 

which variability dependency is valid for which sin-

gle product line and/or for which set of product lines. 

Note, that if a variability dependency is valid for a 

Single
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Figure 3: Example – instantiated meta model 
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single product line or a set of product line (defined 

by a variability dependency is valid relation), the 

associated variation point and variant become valid 

for the product line or the  set of product lines.  

Similar to the variability dependency, we intro-

duce “is-valid-dependencies” between the class ab-

stract product line and the three types of constraint 

dependencies (variant constraint dependency, variant 

variation point constraint dependency, and variation 

point constraint dependency). More precisely, we 

introduce  

the is valid VP association which defines that a 

variation point constraint dependencies is valid 

for a single product line or set of product lines;

the is valid V VP association which defines that a  

variant variation point constraint dependencies is 

valid for a single product line or set of product 

lines;

the is valid V association which defines that a 

variant constraint dependencies is valid for a sin-

gle product line or set of product lines.

The multiplicities 0..1 at class abstract product 

line represent that a variability dependency or a con-

straint dependency may exist without an relation to a 

single product line or a set of product lines. The mul-

tiplicity 0..n at the variability dependency and the 

various constraint dependencies represents that a sin-

gle product line or set of product lines may have an 

arbitrary number of variability and constraint de-

pendencies. The same applies for the different is

valid relations from the class abstract product line to 

the various constraint dependency classes. To docu-

ment that a variability definition holds for all product 

lines, one has to define an instance of the class set of 

product lines that contains all product lines and then 

relate this set with the corresponding “is-valid” rela-

tion to the variability definitions. 

Given the above definitions, the variability defini-

tions for a single product line is defined by 

a) the variability definitions which are defined as 

valid for the single product line (using a variabil-

ity dependency is valid, a is valid VP, a is valid V 

VP or a is valid V association), and (!) 

b) the variability definitions defined to be valid for a 

set of product lines the single product line is 

member of. 

To avoid conflicting variability definitions for a 

single product line, the “is valid” associations for a 

single product line must not conflict with the “is 

valid” associations the single product line is a direct 

member or indirect member (i.e. the definitions for 

the set of product lines which includes a set of prod-

uct lines where the single product line is a member). 

For example, a variant that is defined as mandatory 

for the set of product lines “DVD and CD player” 

must not be defined as optional for the “DVD player” 

product line, because the single product line “DVD 

player” is member of the set of product lines “DVD 

and CD player”. 

5.2. Example 

Assume that we want to express the following  

variability across the three product lines “DVD 

player”, “CD player”, and “mp3 player”: 

All product lines offer the mandatory variant 

“digital rights management”. 

The “CD and DVD player” (set of) product 

line(s) offers the mandatory variant “play digital 

audio” from compact disk. 

The “mp3 player” (single) product line offers the 

mandatory variant “play mp3 files” and the op-

tional variant “play aac files”. 

The “DVD player” (single) product line offers the 

optional variant “play mp3 files”. 

In order to model the variability, we define a 

variation point “audio” and relate all the variants to 

this variation point. We define a set of product lines 

“all”, a set of product lines “CD/DVD player”, and 

the three single product lines “CD player”, “DVD 

player”, and “mp3 player” to represent variability 

across the three product lines.  

We relate the set of product lines “all” to the man-

datory variability dependency between the variation 

point “audio” and the variant “digital rights manage-

ment” to document that this variant is part of all 

product lines.  

We relate the set of product lines “DVD and CD 

player” to the mandatory variability dependency be-

tween the variation point “audio” and the variant 

“play digital audio” to document that this variant is 

part of both product lines.  

We relate the single product line “mp3 player” to 

the mandatory variability dependency between the 

variation point “audio” and the variant “play mp3 

files”, and to the optional variability dependency be-

tween the variation point “audio” and the variant 

“play aac files” to document that “play mp3 files” is 

mandatory for the “mp3 player” product line and that 

“play aac files” is optional for the “mp3 player” 

product line. 

We relate the single product line “DVD player” to 

the optional variability dependency between the 

variation point “audio” and the variant “play mp3 

files” to document that “play mp3 files” is optional 

for the “DVD player” product line. 
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The complete example together with the instantia-

tion relation to the meta model is illustrated in  

Figure 3. The upper part shows an excerpt of the 

variability meta model and the lower part shows an 

instantiated product line model. 

6. Prototypical Realisation in DOORS 

To support the requirements engineer in defining 

variability across product lines, and to reuse the de-

fined variability, the meta model has to be imple-

mented to provide a sufficient support for the defini-

tion as well as for the selective retrievals. We have 

implemented the meta model in DOORS to retain the 

advantages of a requirements management tool, e.g. 

history, traceability, user management, etc.  

(cf. Figure 4).  

For the implementation in DOORS we have de-

fined three types of formal modules: 

The formal module product line structure docu-

ments the necessary abstract product lines (prod-

uct line set instances and product line instances), 

the variability dependency (mandatory, optional, 

alternative choice), and the corresponding range 

of the variability dependency (e.g. 0..1 for op-

tional, n..m with n  m for alternative choice, 1..1 

for mandatory). 

The formal module variability view documents all 

existing variation points and variants for the con-

sidered product line without any definition of 

how the variant is available at the variation point. 

This module only illustrates which variants be-

long to which variation points. 

The formal module(s) requirements artefacts

document the different requirements that specify 

the abstract variants, for instance, by using sce-

narios, functional requirements, or quality re-

quirements. 

Furthermore, a set of link modules documents the 

associations between the different modules, that exist 

in the variability meta model: 

The link module constraint dependencies docu-

ments the occurring constraints between variation 

points, variants, and variants and variation points. 

From
To V1 V2 V7 V9

V1

V5

V7

V3

V6

Product Line Structure Variability View

Requirements Artefacts

Variability Dependency

is valid for

Variant is specified by

Abstract 

Product Line 

Variability Dep.

and Range 
Variation Point Variant

Multiple Constraint

Single Constraint

Constraint Dependencies

Constra
int

is valid
for

Attributed Link
- Type: requires

- Valid for PL: CD

Exemplary View

Figure 4: Realisation of the meta model in DOORS 
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To be able to specify the validity of the constraint 

(cf. is valid for in meta model), we attributed the 

links by the attribute link type (requires, ex-

cludes), and the attribute valid for (which defines 

the product line (set) that the link is valid for). 

The other link modules store the traces between 

objects of two modules. The module variability 

dependency documents the traces between the 

formal modules product line structure and vari-

ability view. The specified by links are docu-

mented in the link module specified by and docu-

ments the traces from variants to the correspond-

ing requirements artefacts, such as scenarios or 

textual requirements. 

The realisation of the variability meta model in-

troduced in Section 5 in DOORS facilitates: 

the comparison of and the reasoning about vari-

ability information defined for different product 

lines. For example, overlaps and the differences 

of the variability of two product lines, such as 

DVD and MP3 player, can be displayed; 

the retrieval of variability information for a 

given variant defined for different product lines. 

For example, we can retrieve all product lines 

which offer the variant mp3 play, and whether the 

variant is mandatory, optional or an alternative 

choice (represented as range attribute in DOORS) 

– which is essential in the case of change integra-

tion; 

the retrieval of variability information for a 

given product line as well as for a set of product 

lines. For example, with the attributes product-

line =’all’ AND variability dependency = “man” 

we are able to retrieve all variants that are com-

mon for all product-lines; 

the retrieval of variability information for a 

given variation point. For a given variation point 

we can retrieve all variants defined for this varia-

tion point in any single product line or set of 

product lines – including the variability con-

straints and variability definitions (mandatory, 

optional, alternative choice) for each particular 

product line.  

Moreover, the separation of variability informa-

tion and requirements artefact information (as de-

fined in our meta model) facilitates the reasoning 

about variability information without considering the 

“realisation” of the variability in the requirements 

artefacts, i.e. independent of the realisation in the 

various requirements artefacts (textual requirements, 

goals, use cases, scenarios, data models, behaviour 

models).  

Figure 5 depicts an example of a retrieval of vari-

ability information stored in our DOORS prototype. 

The DOORS screenshot illustrates the selective re-

trieval for a “mp3 player” product line. The module 

represents five columns: 

the first column indicates if the information in this 

row is about a variation point (VP) or variant (V); 

the second column contains the name of the vari-

ant or variation point; 

the third column names the variation point that 

the variant depicted in this row belongs to; 

the fourth column shows the variability depend-

ency, i.e. if the variant is mandatory, optional or 

an alternative choice for this variation point; 

the fifth column shows the validity of the depend-

ency, i.e. this attribute defines, for which product 

lines (set or single) the variant shall be available 

with the defined variability dependency. 

Figure 5 represents the result of a selective re-

trieval for the “mp3 player” product line, with the 

columns variant, variation point, variability depend-

ency, and the abstract product line for which the de-

pendency is valid for. Thereby variants for the “mp3 

player” are composed of: 

variants that are defined for the “mp3 player”,  

variants that are defined for all product line sets 

where the “mp3 player” is a part of the set,  

and finally of variants that are valid for all prod-

uct lines.  

Figure 5: Retrieval of variability information 
in DOORS. 

This information can be generated by the defined 

traces between the modules variability view and 
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product line structure. Overall, the DOORS realisa-

tion supports the requirements engineer to identify: 

where (in which product lines) a variant is used 

(e.g. the variant shuffle play is available in all 

hard disk recorders and can be available in all 

mp3 player and DVD players),  

which variants are used in different product lines 

(e.g. the variant mp3 decoding is used in hard 

disk recorder, mp3player and DVD player) and  

which variants are available in all product lines 

(e.g. the variant continuous play is available in all 

product lines). 

Moreover, due to the documented trace informa-

tion between variants and requirements artefacts in 

the module specified by, the requirements engineer is 

able to retrieve all corresponding requirements arte-

facts related to the variants of the considered product 

line. Thereby the engineer is supported to check the 

definition of variability information in different re-

quirements artefacts for consistency. For example, 

the engineer can retrieve for each variant defined in 

the variability model the corresponding definition of 

this variability in all parts of the textual definition. 

Thus he can easier check if the definitions in those 

artefacts correspond to the intended variability de-

fined in the variability model. 

7. Experiences

We applied the variability modelling approach to 

several industrial examples, mainly from the automo-

tive industry3. Although a comprehensive evaluation 

of this approach is still missing, our gathered experi-

ences indicate that the explicit definition of product 

line structures, and with it, the explicit documentation 

of variability information across product lines, leads 

to: 

a better understanding for engineers of the vari-

ability available within the different product lines 

– sometimes they recognised that the differences 

are much smaller than expected; 

a quality improvement of the documented re-

quirements, e.g. identified errors can be fixed for 

all affected product lines and changes can be con-

sistently integrated since all affected parts of the 

requirements documentation can be retrieved; 

a reduction of the re-invention of already existing 

variability through the overall availability of vari-

ability information, i.e. the identification of vari-

                                                          
3 The examples in this paper are taken from the home entertainment 

domain due to legal problems. 

ability unknown to engineers of other product 

lines; 

a harmonisation of requirements variants, due  to 

the identification of slightly different variants in 

several product lines that can be unified, so that 

only one variant for these product lines has to be 

provided. For example, the variability “play mp3 

files” and “play music files that are encoded with 

mp3 compression” can be unified to one variabil-

ity definition and thereby complexity is reduced; 

a clearly defined delimitation of product lines, 

and thus to a better understanding where the pro-

vided product lines differ from each other, and 

where the product lines look alike; 

a better exchange of knowledge about variability 

information, and thus a better use of variants that 

are available across product lines, e.g. due to the 

existence of  “digital rights management” for 

DVD player the variant can be easily integrated in 

all CD player product lines; 

a higher reuse of variants for individual products, 

i.e. due to the fact that all variants of all product 

lines are available, specific customer needs can be 

fulfilled by the reuse of such variants. 

Moreover, the definition of variability across 

product lines in a central model supports the defini-

tion of a new product line. For example, if a product 

line for a combined DVD/hard disk recorder should 

be launched, the engineers are supported in accessing 

commonalities and variability of the DVD player 

product line and the video recorder product line. It 

further supports product management, e.g., the com-

parison of the own product lines with the products of 

competitors is supported by providing an overview of 

the commonalities and the variability of the product 

lines and by the ability to compare those definitions. 

8. Summary and Outlook 

To facilitate the definition of variability across 

product lines, we have proposed a meta model which 

defines a clear structure for recording variability in-

formation and facilitates the definition of “views”, 

and thereby supports the definition of variability in-

formation across product lines. Our variability meta 

model satisfies all the three requirements stated in 

Section 2. Our meta model: 

provides a clearly defined structure for recording 

variability information based on the explicit defi-

nition of variation points, variants, variability de-

pendencies, and constraint dependencies; 
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facilitates the definition of variability dependen-

cies which are valid for a single product line 

and/or for a set of product lines, and thus enables 

us to define for which single product line and/or 

set of product lines a variation point and/or a vari-

ant are valid; 

facilitates the definition of constraint dependen-

cies which are valid for a single product line 

and/or for a set of product lines;  

facilitates the implementation of tool support; 

Based on the meta model, we have realised a pro-

totypical implementation in DOORS which facilitates 

the documentation of variability information across 

product lines and, based on the clear structure, allows 

the selective retrieval of variability information. For 

example, one can retrieve which variants are shared 

among different product lines, or which requirements 

artefacts are optional for which product lines, etc. 

 The realisation in DOORS indicates, that the pro-

posed approach can be implemented as an extension 

of commercial requirements management tools with 

relatively small effort. However, our experience also 

indicates, that more sophisticated tool support is re-

quired for: (1) the definition of variability; (2) the 

maintenance of variability information;  (3) consis-

tency checking for all variability definitions across 

the product line sets; (4) the definition of advanced 

selective retrievals; and last but not least (5) an ap-

propriated representation of variability for different 

stakeholders, such as customers, product managers, 

architects, developers, etc.

 Currently, we are developing a more sophisticated 

tool support, which assists in the definition of prod-

uct line sets, and the consistent definition and docu-

mentation of variability across product lines by pro-

viding consistency checks for defined variability de-

pendencies and constraint dependencies across prod-

uct lines. We further intend to validate our approach 

and the variability management tool in large scale 

industrial case studies. 
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