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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that
are members of ISO or IEC participate in the development of International Standards through
technical committees established by the respective organization to deal with particular fields of
technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also

take partint

he work.

The procedures used to develop this document and those intended for its further maintenance are
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editorial rule

experts/refd
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Introduction

Feature-based software and systems product line engineering (“feature-based PLE” for short) is
a specialization of software and systems product line (SSPL) engineering and management that is
described in ISO/IEC 26550. ISO/IEC 26550 describes a very generalized approach to SSPL, focusing on
the benefits of exploiting a common platform of reusable assets for a product family. Each organization
that adopts SSPL under ISO/IEC 26550 is free to do so using their preferred techniques and methods.

What is the motivation for creating a standard for a specialization of SSPL? As the SSPL field has
matured and achieved widespread attention in the industry, a specific and repeatable approach to SSPL
has emerged that takes advantage of commercial off-the-shelf industrial-strength tools and technology,
along |
proces
impler]

While
effort
narroy
in low
about
examp

This d

elemeits, tools, and methods of feature-based PLE. The predominant specializations of

configurator that produces assets specific to. member products;

that ch
a) a
b) a
a
an
This d

providers and feature-based technology users. For each of these stakeholder concerns, th

docuni
technd
are pr
ideal s
and to

Cﬂzfiguration management to domaimengineering, so that application engineering

With robust best practices for methods and processes, that automate and formall

nentation effort is required prior to gaining the benefits from the approach.

Fo adopt and to ultimately achieve those benefits. The feature-based PLE specializ
vly defined solution that can be supported by off-the-shelf tools and methods, whic
br investments when an organization adopts SSPL. Feature-based PLE embodies le
BSPL practices that have been shown to provide some of the highest benefits and re
le, References [2] and[8]).

bcument provides a reference model consisting of an absStract representation of the

aracterize feature-based PLE are:

mapping from features to asset variation peints that is sufficient to drive a fu

methodological shift of all design.,and implementation effort, change manj

omated configuration of member\product instances and testing of configured men
d member-product-specific assets.

bcument embodies a distinict separation of concerns between the feature-based P}

ent is to define only.what is necessary and sufficient to enable feature-based PLH
logy providers, thissimparts flexibility in how the necessary and sufficient technic
pvided, as wellrasthe opportunity to offer more expansive capabilities that are

pblution. For_technology users, this provides flexibility to select among the technol

many of the

ses in domain and application engineering. The result is that less upfront andlysis, design, and

SSPL in general provides significant benefits, it also requires a significarit investment of time and

ion is a more
n has resulted
ssons learned
furns (see, for

key technical
general SSPL

ly automated

igement, and
is reduced to
hber products

LE technology
e scope of this
practice. For
bl capabilities
possible in an
pgy providers

apply thediethods that best match their technical and business objectives for featulre-based PLE.
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Software and systems engineering — Methods and tools
for the feature-based approach to software and systems
product line engineering

1 Scope

This

produ
herein|
produ
line erjgineering and management (PLE) practice supported by commercial toélproviders

This d

In thig
enging
artefa

The in

2

1]

de
fo

de
ha

de
re

de

te
p1]

ch
or

IT|

't line engineering and management described in ISO/IEC 26550. The specialiZ
addresses a class of methods and tools referred to as feature-based soffware
't line engineering, or feature-based PLE, which has emerged as a proven and'fepe3

bcument:
ovides the terms and definitions specific to feature-based PLE;

fines how feature-based PLE is a specialization within the general ISO/IEC 26550 re
" product line engineering and management;

fines areference model for the overall structure andprocesses of feature-based PLE
w the elements of the reference model fit togethers

fines interrelationships and methods for applying the elements and tools of thg
ference model;

fines required and supporting tool capabilities.

document, products of featureibased PLE include digital work products tha
ering of a system. Some of the @rtefacts are actually part of the delivered product
'ts can be non-deliverable, such as physical or digital design models.

Lended audience for this.document comprises:

Chnology provider$:who wish to provide automated tool support for the referen
ocesses described-in this document;

ampions within an organization who wish to introduce feature-based PLE thi
panization;

staff within a PLE organization who will introduce and maintain the necessary

squport feature-based PLE;

and systems
ation defined
and systems
table product

p .

ference model

and describes

product line

support the

s, while other

ce model and

oughout that

technology to

practitioner stakeholders who will use the provided technology to practice feature-based PLE;

technical and business managers who will sponsor and direct the methods necessary to practice
feature-based PLE;

university professors, researchers, corporate trainers, and other educators who will create and

sh

are pedagogical materials about feature-based PLE and its benefits.

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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ISO/IEC/IEEE 12207, Systems and software engineering — Software life cycle processes
ISO/IEC/IEEE 15288, Systems and software engineering — System life cycle processes

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC/IEEE 12207,
ISO/IEC/IEEE 15288, and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Onli

— IEC Electfopedia: available at http://www.electropedia.org/

NOTE1 For|additional terms and definitions in the field of systems and software engineering, see
ISO/IEC/IEEE R4765, which is published periodically as a “snapshot” of the SEVOCAB (Systents and sqftware
engineering - Yocabulary) database and is publicly accessible at www.computer.org/sevoaab:

NOTE 2  Bechuse feature-based PLE is a specialization of the more general product{line engineering agproach
described in ISO/IEC 26550, some of the terminology used herein is noted as a specialization of the term|nology
from ISO/IEC 26550, with further details provided in Annex A.

31

bill-of-featurjes
specification ffor a member product (3.8) in the product line (3-16), rendered in terms of the specific
features (3.4) from the feature catalogue (3.5) that are chosendorthat member product

3.2
bill-of-features portfolio
collection comprising the bill-of-features (3.1) for eachimember product (3.8) in a product line (3.1b

[®XY
L

3.3
domain supersets
collection comprising the feature catalogue (3:5) and shared asset supersets (3.18)

3.4

feature
characteristiq of a member product(3.8) in a product line (3.16) that distinguishes it from other nfember
products in the product line

Note 1 to entry: Features can\a) express the customer-visible or end-user-visible variability among the member
products in a groduct liné,/or' b) distinguish implementation variability not directly visible to a customei or end
user except thrjough nen-functional differences such as price, performance, noise, weight, energy and morje.

Note 2 to entrfy: An‘feature-based PLE, features express differences among member products. A capability or
other charactefisti¢c common to all member products in the product line is not modelled as a feature.

Note 3 to entry: See Annex A for the definition of this term in ISO/IEC 26550.

3.5

feature catalogue

model of the collection of all the feature (3.4) options and feature constraints (3.6) available across the
entire product line (3.16)

3.6

feature constraint

formal relationship between two or more features (3.4) that is necessarily satisfied for all member
products (3.8)

2 © ISO/IEC 2021 - All rights reserved
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3.7

feature language

syntax and semantics for the formal representation, structural taxonomy, and relationships among the
concepts and constructs in the feature catalogue (3.5), bill-of-features portfolio (3.2), and shared asset
superset (3.18) variation points (3.20)

3.8
member product
product belonging to the product line (3.16)

[SOURCE: ISO/IEC 26550:2015, 3.15, modified — The preferred term "application" has been removed.]

39
mutually exclusive
alterngtives from which at most one is selected

3.10
mutudlly inclusive
alterngitives from which zero or more are selected

3.11
PLE factory
techndlogical, organizational, and business infrastructure ané-processes to support p PLE factory
configlirator (3.12) producing product asset instances (3.14) from'shared asset supersets (3.18) based on
a bill-of-features (3.1) for a member product (3.8)

3.12

PLE factory configurator
autompted mechanism that produces assets for a‘specific member product (3.8) by procgssing the bill-
of-featpres (3.1) for that member product, and exércising the shared assets’ (3.17) variation points (3.20)
in light of the feature (3.4) selections made in that bill-of-features

3.13
PLE factory development environment
toolset for creating, organizing, assémbling, and maintaining a collection of elements in a feature
catalogue (3.5), bill-of-features poktfolio (3.2), shared asset supersets (3.18), and a hierarchy of a product
line (3]16) of product lines

3.14
produlct asset instance
instanfiation of a shared asset (3.17) specific to a member product (3.8), automatically prpduced by the
PLE fagtory configurator (3.12), corresponding to a bill-of-features (3.1) for that member product

Note 1 [to enteysA product asset instance is analogous to an application asset (ISO/IEC 26550) wjith the proviso
that it is préduced by the PLE factory configurator.

3.15
product instances
collection comprising the bill-of-features portfolio (3.2) and product asset instances (3.14)

3.16
product line
family of similar products with variations in features (3.4)

Note 1 to entry: See Annex A for the definition of this term in ISO/IEC 26550.

3.17

shared asset

software and systems engineering lifecycle digital artefacts that compose a part of a delivered member
product (3.8) or support the engineering process to create and maintain a member product

Note 1 to entry: A shared asset is analogous to a domain asset (ISO/IEC 26550).

© ISO/IEC 2021 - All rights reserved 3
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Note 2 to entry: Typical shared assets are requirements, design specifications or models for mechanical, electrical,
and software, source code, build files or scripts, test plans and test cases, user documentation, repair manuals
and installation guides, project budgets, schedules, and work plans, product calibration and configuration files,
mechanical bills-of-materials, electrical circuit board and wiring harness designs, engineering management
plans, engineering drawings, training plans and training materials, skill set requirements, manufacturing plans
and instructions, and shipping manifests.

3.18
shared asset superset
representation of a shared asset (3.17) that includes all content needed by any of the member products (3.8)

3.19
variant
alternative thit can be used to realize a particular variation point (3.20)

[SOURCE: ISOY/IEC 26550:2015, 3.28, modified — the word "one" at the beginning of the definition has
been removed; "may" has been changed to "can"; "particular variation points" has beeén)changed to "a
particular vafiation point"; note 1 to entry has been removed.]

3.20

variation poi
identification
selection(s) ta

nt
of a specific piece of shared asset superset (3.18) content and-a\mapping from featuf
the form of that content that appears in a product asset instance (3.14)

e (3.4)

Note 1 to entry: In this document, all features express characteristics that'differ among member products (3.8),
which accordinpg to ISO/IEC 26550 would also make every feature a variation point. To avoid this redupdancy,
this document does not call out features as variation points.

ment is
't asset

: See Annex A for the definition of this term in ISO/IEC 26550. The definition in this docu
o feature-based PLE and the PLE factory configurator (3.12) approach of producing produ
shared asset supersets.

Note 2 to entry
more specific t
instances from

4 Overvigw of feature-based productline engineering

4.1 General

This clause g
of introducin
document.

Software and
of related pr
respecting ar
planning, prd
engineering f
long been kn

ves a brief informational overview of feature-based product line engineering, as
b key concepts thattare important for understanding the purpose and content

systems product line engineering emerged some time ago as way to engineer a pd
pducts in an-efficient manner, taking full advantage of the products’ similarities
d mandging their differences. Here “engineer” means all of the activities invol
ducing, delivering, deploying, sustaining, and retiring products. Born in the so
eld i’ the 1970s and 1980s and based largely on the concept of software reuse, P

a way
pf this

rtfolio

while
ved in
ftware
LE has

hurn for delivering siognificant impnrovements in develanment time cast _and agud
r r 4 4 he §

lity of

products in a product linel2l.

Early attempts to capture and codify best practices recognized a dichotomy between two sides: product
content that applies to multiple products and product content specific to a single product. Some referred
to the two sides as domain engineering and application engineering, respectively, while others referred
to core asset development vs. product developmentlll. Application engineering was often said to include
creating any content that happened to be used only in a single product, and promoting that content to
domain status only if subsequently used in more. Application engineering included the obligation to
choose and carry out a production strategy - that is, a way to turn the shared assets into products -
that was potentially different for each type of shared asset, and was often manual and therefore labour-
intensive and error-prone. Whatever they were called, the two sides stood on roughly equal footing in
terms of the effort required to execute.
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However, starting in the early 2000s, the advent of industrial-strength and commercially available

technology designed specifically to support PLE enabled the rapid emergence of a special
practices. This approach is called feature-based software and systems product line engin

ization of PLE
eeringl2],

Under this approach, the technology just mentioned allows application engineering, which was so
important under the “classic” PLE approach, to shrink to almost nothing. Products are produced through

the use of high-end industrial-strength automation that configures the shared assets

appropriately

for each product. Feature-based PLE explicitly declines to configuration-manage or change-manage
product versions. Instead, the shared assets (and not the individual products or systems) are managed
under CM (configuration management). A new version of a product is not derived from a previous
version of the same product, but from the shared asset supersets themselves. Additionally, any defects

4.2 S$hared assets

Shared assets are the “soft” artefacts associated with the engineering lifecycle of
the byilding blocks of the products in the product line. Assets can be whatever arte

— repguirements;

— dsgsign specifications and design models for mechanical, electrical, and software;
— sofftware source code and build files;

— tept plans and test cases;

— user documentation, repair manuals, and installation guides;

— prpject budgets, schedule§, and work plans;

— prduct calibration and‘configuration files;

— ddta models;

— prjocess desériptions;

— pdrts lists'and mechanical bills-of-materials;

— erngin€ering drawings;

enerated, into
st, it matters
ect, making a
s much more

bcedents.

the products,
facts that are
SS to create a

— electrical circuit board and wiring harness designs;
— training plans and training materials;

— skill set requirements;

— manufacturing plans and instructions;

— shipping manifests;

— marketing brochures;

— product descriptions;

— contract proposals.
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Shared assets are engineered to be used (shared) across the product line. All of this was true before,
but in feature-based PLE, shared assets take the form of supersets, meaning that any asset content used
in any product is included. For example, a shared asset of requirements contains all of the requirements
across the product line; a shared asset of computer software source code contains all of the source
code; and so forth.

The virtue of this approach is that every piece of content for the product line, no matter in which
products it is used, is only created, stored, and maintained once. There is no duplication or replication
of asset content at all. This elimination of duplication (and elimination of replication of work across
duplicates) is where feature-based PLE derives its savings[=l.

The shared asset supersets include variation points, which are places in the asset that denote content
that is configlired according to the feature selections made for the product being built. When a pfroduct

is built, a statq breise”
these variatia
inaway tom

Configuration

bment of the product’s distinguishing characteristics - its features - is applied to ex
n points (that is, cause the content associated with each variation point to be-eonf|
bet the needs of the product).

capabilities typically include inclusion or omission of the content; s€leetion from

mutually excl
based transf

1sive content alternatives; generation of content from feature specifieations; and fg
mation of content from one form into another.

igured

pmong
ature-

hssets;

This approach enforces consistent treatment of all of the variation points)in all of the shared
for example, yariation points are specified using the same feature-based configuration languag
consistent trgatment of variation across all shared assets is a hallmark of feature-based PLE. The
is that a full et of demonstrably consistent supporting artefact§ can be systematically produ

. This
result
ed for

each product.

In contrast,
For example,

technique baged on tagging requirements in a requirements database with attributes that differ
ions in requirements. Further, the . design team has adopted a SysML tool afd has

feature varia
embraced in}
asset develop|
in a graphica
implementati
ownership of
directories to

Now consider

onsider approaches where each domain asset type has its own variation mech
requirements asset engineering team has‘embraced a PLE requirements manag

eritance as the mechanism for managing their design asset variations. The so
ment team is using a feature-orfented domain analysis (FODA)IZ] feature model

bn variations. Finally, the testteam has adopted clone-and-own (i.e. make a copy ar
modifications to the copy)of test plan sections, stored in appropriately named file §
manage their test asset Variations.

what would be rieeded to create a complete PLE lifecycle solution from these unt

asset variati

n mechanisms_that integrates into a larger business process model. How

Anism.
ement
bntiate

ftware
drawn

| editor, plus #ifdefs, build flags and configuration management branches to npanage

d take
ystem

elated
lo the

requirements|asset attributes and tagged requirements relate and trace to the subtypes and supeytypes
in the design[assets? How do these attributes and supertypes relate and trace to the #ifdef flajgs, CM
branches, FODA features in the software assets, and test asset clone directories? Trying to translate
between the |différent representations and characterizations of features and variations amopg the
domain assetk.éreates convoluted dissonance at the boundaries between stages in the domaitFasset
engineering lifecycte:

To resolve this quagmire of multiple disparate mechanisms for managing product line asset variation,
a key aspect of feature-based PLE is consistent and traceable treatment of variation points across all
shared asset types, using feature choices as the basis of a common language of variation[],

4.3 Features

As the name implies, features play a central role in feature-based PLE. Features express differences
among products in a product line. A capability or other characteristic common to all products in the
product line is not modelled as a feature. A feature is a distinguishing characteristic of a product,
usually directly visible to the customer or user of that product, but can also express a distinguishing
implementation variability in any phase of the lifecycle that is not directly visible to a customer or
end user except through non-functional differences such as price, performance, noise, weight, energy
and more. An example is a function that one product can perform that others cannot. The concept of

6 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=f08ae5ee515984ded8cdfafd246e33c9

ISO/IEC 26580:2021(E)

“feature” allows experienced domain experts and systems engineers to employ a consistent abstraction
when defining and making selections from a whole product configuration, all the way down to the
deployment of components and parts within a low-level subsystem in the architecturel3]. A bill-of-
features (analogous to a bill-of-materials, but defining a product in terms of its features rather than its
parts) can be the communication vehicle among business, product marketing, and engineering units.

4.4 Automated means of production

At the centre of feature-based PLE is an automated mechanism called a configurator that exercises the
shared assets’ variation points to produce configured variants that, together, constitute the artefact set
for each of the products in the product line. PLE configurators have been commercially available since

the ea

1 200N

.l:y' y-AvAvVAV Y

Previgus PLE approaches have always made allowances for automation, but large-scale

it. The
autom
produ
create

5 A

complexities of modern product lines are growing to astronomical proportions. Fd
ptive product line may comprise thousands or millions of productsll. Automated
'ts is essential. Once this technology is in place, products are instantiated rather
.

ffeature-based specialization of software and systems product line

engineering

ISO/IHC 26550 describes software and systems product line’engineering (SSPL), a gen

for eff

ciently engineering the full lifecycle of digital assets-for a family of similar produc

The approach derives its benefits from reusing and sharing the digital engineering ass

produ

'ts in the family and by systematically managing variations among the digital

differdnt products. A reference model for this overallapproach is defined in ISO/IEC 2655(

illustr

©150/1

htion from ISO/IEC 26550 is shown in Figure 1.
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Product line Domain verification and validation
scoping
Domain Domain Domain
requirements design realization
engineering

Juswsbeuew |e21UYI9L

Application Application Application

requllreme'nts design Q realization
engineering —

Application \&'@(ation and validation

xO
Figure 1 — ISO/IEC 2989 for SSPL engineering and management
N

This documept defines feature-
defined in ISP/IEC 26550 an
like to understand how fea
a prerequisit¢ for under
unique charaqteristics
the general SYPL ap

sed PLE, which is a specialization of the general SSPL approach
strated in Figure 1. This clause is provided for users who|would
ased PLE is a specialization of ISO/IEC 26550 and is not othgrwise
ing the remainder of this document. The predominant differences and
ture-based PLE are illustrated in Figure 2, elaborated within the corftext of
h.

a) The assetb illustrated by the large cylinder in both figures, takes on several charactgristics
that are specific to feature-based PLE:

— Under feature-based PLE, domain assets, illustrated by the smaller cylinder on the left-hand
side, are referred to as domain supersets and explicitly incorporate a formal feature catalogue
which has a central role in abstraction and automation in the approach. Features serve as the
common language for communicating product line variability among all disciplines and all roles
in feature-based PLE. In ISO/IEC 26550 terms, the feature catalogue serves as a variability
model that is orthogonal to (instead of being embedded in) all other assets within a product
line. Under feature-based PLE, graphical feature models, illustrated by an image of a feature
model above the “Feature catalogue” text box in Figure 2, are usually used to model variability.

— Domain assets also include the conventional engineering assets, shown in the systems
engineering ‘V’, enhanced with variation points - places in the assets that vary depending on
the abstract feature variations. (Places in the assets that do not vary do not require any such
enhancement and are made a part of every member product.) Extending engineering assets
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with variation points results in shared asset supersets that can be automatically configured
based on selected features, to support different products in the product line.

Under feature-based PLE, application assets, illustrated by the smaller cylinder on the right-
hand side, are referred to as product instances and explicitly incorporate a formal bill-of-
features portfolio, which is a collection of individual bill-of-features, one for each member
productin the productline. Each member product has a unique bill-of-features in which specific
features have been selected from the feature choices of the feature catalogue to instantiate
the variability offered by the feature catalogue. In ISO/IEC 26550 terms, the variability model
afforded by the feature catalogue has been bound into the bill-of-features. The images of three
bound variability models above the “Bill-of-features portfolio” text box show how three unique
feature-based representations of products have been created by selecting certain feature

T}
th
m

b)

w
a

D
ch

d) Ay

ember products, based on input about feature selections madeNn a product bill-of-

automation is sufficient to eliminate the manual development'effort that is traditiong
th application engineering. Note that the PLE factory configurator in the illustratign is placed in

Aracteristics that are specific to feature-based PLE:

choices from the variability model shown above the "Feature catalogue” text bex

Application assets also include the conventional engineering assets, shownas-the
engineering ‘V’s above the “Product asset instances” text box. No preduct li
remains in the product asset instances.

e PLE factory configurator, between the domain assets and application assets cylin
automated configuration of the shared asset supersets into’product asset inst

utout to show that it is separate from the asset base.

main engineering, illustrated by the "Domain engiheering" box across the top, tal

in Figure 2.

[hree systems
he variability

lers, provides
ances for the
features. This
lly associated

xes on several

Under feature-based PLE, domainrequirements engineering, domain design, domdin realization,

and domain verification and dalidation-dre all extensions to conventional engin
the ‘V’ lifecycle of the shared asset supérsets. The relations shown by arrows amoi
in Figure 1 are the correspondingzelations implied among their ‘V’ counterparts
assets cylinder of Figure 2.

These extensions involve'the addition of variation points into the assets acrosg
Beyond that, feature-based PLE has no bias in the engineering tools and met
applied in each of the lifecycle stages.

In feature-based“PLE, product line scoping is as described in ISO/IEC 2655
aspects of product line scoping are carried out as follows. Domain scoping is a

eering across
g these items
in the domain

the lifecycle.
hods that are

0. The three
described in

ISO/IEC 26550. Product scoping is performed in conjunction with bill-of-featyires portfolio

engineefing (described in 8.4). Asset scoping is performed in conjunction with
superSet engineering (described in 8.5).

plication engineering, illustrated by the "Application engineering" box across the

shared asset

bottom, takes

o1

several characteristics that are specific to feature-based PLE:
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Under feature-based PLE, application requirements engineering, application design, application
realization, and application verification and validation are all extensions to conventional
engineering across the ‘V’ lifecycle of the product asset instances. The relations shown by
arrows among these items in Figure 1 are the corresponding relations implied among their ‘V’
counterparts in each product asset instance in the application assets cylinder of Figure 2.

Under feature-based PLE, product asset instances are automatically generated by the PLE
factory configurator from shared asset supersets and a bill-of-features that defines which
features from the feature catalogue are selected for a particular product in the product line.
There is no application engineering required on the application assets that are derived from the
domain assets.

The emphasis of application engineering is on verification and validation on the right-hand side
of the ‘V’. Manual and automated verification and validation assets are generated by the PLE

9
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factory configurator along with other product assets to improve the efficiency and accuracy of
testing. Ifissues are found during verification and validation, the defect fixes and enhancements
are done back on the domain engineering side in ISO/IEC 26550 terms, as shown by the feedback
arrow from product verification and validation to domain engineering. The arrow goes through
the "Technical management" box to denote that some technical organization management
processes are involved in dealing with the feedback. Most notably, the change management
process (8.10) determines what changes, if any, to the feature catalogue, bills-of-features, and
shared asset supersets need to be done based on the feedback. The product asset instances are
then regenerated, re-verified, and re-validated;

They

Because product asset instances are generated, they can be treated as transient digital data.

can be discarded and regenerated at a later time as needed.

Thus, feature
management,
to the autom

significant sifice application engineering effort typically dominates the effort in theearly geng

SSPL approac

The variabilit
the product 1
variability is

"hange
eering
"emely
ration

tbased PLE brings a methodological shift of design and implementation effort,
and configuration management to domain engineering. It reduces applicationjengin
hted configuration and testing of configured product asset instances. This-is ext

1€es.

y offered by a product line is represented by feature choices in the feature catalqgue of
ne. The variability model provides a centralized, holistic view. 6f variability because all
|lways introduced and managed by means of the variability model. Shared asset supersets

implement onfly the variability specified by the variability model that the‘feature catalogue represents.

They cannot
introduced aff
points and th

The strong ay
the bill-of-fea
for each featu
which shared
have been ger]
areusedint

Feature-bas
ISO/IEC 2655
product asset]
adopt that prd

I

offer specific variability through variation pointscunless the variability ha§ been
d required by the variability model, and a formal mapping exists between the valiation
b specific features in the feature catalogue introduicing and requiring the variability.

d explicit correspondence among the featuréjcatalogue, the shared asset supersefs, and
fures portfolio facilitates a variety of analyses to manage the product line. For example,
e in the feature catalogue, it is straightforward to find out which member productd use it,
asset supersets have been designated-to implement it, and which product asset ingtances
erated to implement it. It is also strdightforward to track for each product which features
product and which shared asset supersets are needed to implement the product.

PLE can be applied in conjunction with other PLE processes, such as those detdiled in
D for product line engineering and management. For example, modification of generated
instances is not included’as a practice in this document, but organizations that ch¢ose to
Ictice should follow:the application engineering methods defined in ISO/IEC 26550
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Figure 2 ,l@h‘ture-based specialization of ISO/IEC 26550
N
O
pference mod@%r the feature-based approach to software and sys
ict line engineering
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au (g%fines areference model, illustrated in Figure 3, that forms the basis for exec

uting feature-

Ré/practices. The reference model is based on a factory metaphor: The feature-based PLE
factoryﬂ_d_ﬁ_rf—rfﬁ_ﬁfjpro TCes digital assets rom across the software and systems engineering litecycle for each of

the member products in a product line, analogous to a conventional factory producing physical assets

and pr

oducts.
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Technical organization management

Technology

Figure 3 —

Figure 4 thro
indicate infor

component dipgrams for the key elen@s and relationships in the feature-based PLE factory ref]
model are prqvided in Annex B. .

6.2 Key elements of theé@ure-based PLE factory

6.2.1 Gene

Figure 4 shows thﬁ}%/ elements of the feature-based PLE factory, which are described below.
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|l e e ==
yvy

PLE factory
configurator

| Feature catalogue |

.

Shared asset supersets

Product assef instances

Figure 4 — Key elements of the feature-based PLE factory

6.2.2 | Feature catalogue

A product line’s feature catalogue is a model of the.collection of all of the feature optiorfs and feature
constrpints that are available across all member{products in the product line.

A featpre is a distinguishing characteristie: of a product within a product linelZl. An|example is a
functign that some member products can‘perform that others cannot. Features are anglogous to the
choicep one makes when purchasing or.ordering a product. Features often express the cugtomer-visible
or end}user-visible variability among'the products in a product line, but can also capture distinguishing
implerhentation variability not difectly visible to a customer or end user except through rnon-functional
differgnces such as price, performance, noise, weight, energy consumption, and more.

The concept of feature allows a consistent abstraction to be employed when defining and making
choicep from a whole product configuration, all the way down to the deployment of comppnents within
a low-|evel subsystem-in the architecture. Features provide the common communicatipn vehicle - a
lingual|franca - atneng all stakeholders in the product line, from requirements engine¢rs to testers,
from marketeypsto executives, from designers to customers.

One of the(more powerful engineering techniques for reducing cognitive complexity fof engineers in
any dieipline is abstraction and automation. Complex constructs are encapsulated and lhidden behind
simplifyi i i i i i i e hidden and
more complex engineering constructs. Source code compilers and application generators are examples.
The feature-based PLE factory serves exactly this purpose. Features in the feature catalogue provide a
simplifying abstraction that hides the exponential complexity of possibly hundreds, thousands or even
millions of interacting points of variation within the engineering assets.

)

Feature catalogue engineering, described in 8.3, is the activity that produces and maintains a feature
catalogue that captures all of the germane distinguishing characteristics among the products in the
product line.

6.2.3 Bill-of-features and bill-of-features portfolio

A bill-of-features is a specification for a member product in the product line, rendered in terms of the
specific features from the feature catalogue that are chosen for the product. In other words, it is a
feature-based product specification, defined as an instantiation of the available feature options in the
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feature catalogue. A bill-of-features portfolio comprises the bill-of-features for each member product in
a product line.

Bill-of-features portfolio engineering, described in 8.4, is the activity that produces and manages a bill-
of-features for each member product in the product line.

6.2.4 Shared asset supersets

Shared assets are the digital artefacts associated with the software and systems engineering lifecycle
of the product line. They are the digital building blocks for the member products in the product line.
Shared assets can be whatever digital artefacts that compose a part of a delivered product or support

the engineeri

ng process to create and maintain a member product.

The shared aj
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be the system
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6.2.5 PLEf
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Use of the co
the activity o

set supersets illustrated in Figure 4 are organized into a systems engineering{V’,
gram in the ‘V’ represents a shared asset superset. For example, the parallelograni
be the system requirements shared asset superset, the parallelogram justbelow

ce code shared asset superset. Each parallelogram on the right-hand side of the

upersets include variation points, which are places in the\asset that denote content]
cording to a formal mapping from a bill-of-features tocthe form of content that me
bill-of-features. Examples of possible types of configuration mappings include omis
ptional content; selection from among mutually exelusive content alternatives; geng
n feature specifications; and feature-based transformation of content from one for

variation points, shared asset superséts also contain content included in all m
5 content is not part of any variation peint and is said to be common.

uperset engineering, described in'8.5, is the activity involved in the creation, develo
management of the product line’s shared asset supersets.

hctory configurator

pry configurator is.the mechanism that automatically produces product asset;
per product. In feature-based PLE, the configurator is an automated tool, as oppos
ss. It performs'its task by processing the bill-of-features for that product and exe
sets’ variafion points to produce configured content, in light of the feature selg

pfigdrator, described in 8.6, provides the abstraction-driven automation that elin
F manually assembling and modifying engineering assets for each member product

that can
design shared asset superset, and the three adjacent parallelograms just below tj&it can
be the mechaical design shared asset superset, the electrical design shared asseb superset,
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6.2.6 Product asset instances

Product asset instances are product-specific assets, automatically produced by the PLE factory
configurator, derived from the shared asset supersets according to a bill-of-features for a specific
member product.

The product asset instances illustrated in Figure 4 are organized into three systems engineering ‘V’s’,
where each ‘V’ represents a member product. Each parallelogram in a ‘V’ represents a product asset
instance and corresponds to its isomorphic shared asset superset parallelogram in the shared asset
supersets ‘V’.

Product asset instances are in a form suitable for use in a particular member product and therefore
should be suitable for testing and deployment in the context of a particular member product. Product
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verification, validation, and delivery of product asset instances, described in 8.7, is the process by which
the configured assets are validated and delivered to the next lifecycle stage (e.g. manufacturing), to the
customer, or to the market.

6.3 Relationships among the key elements of the factory

6.3.1 General

There are conceptual groupings among the elements of a PLE factory that provide insight into the
overall feature-based PLE approach and the benefits that derive from the abstraction and automation.
These are described in Figure 5, utilizing the tabular row headings and column headings.

| Shared asset supe@ts

& |
o

Figure 5 — Categories&‘ relationships among key elements of the feature-based PLE factory

O

6.3.2 Feature-b@& abstractions: feature catalogue and bill-of-features portfolio

Product ass¢t instances |

Featurje-based ractions refers to the top half of the PLE factory, as shown in the bold bjack rectangle
in Figure 6 v’\h:e feature-based abstractions contain the features relevant to the produg¢t line and its
indiviqu ember products. Features, whether in a catalogue or a bill-of-features, ar¢ abstractions
becaui&y refer to capabilities and other distinguishing characteristics without referrjng to specific
implementations or realizations.

There can be, by one to several orders of magnitude, fewer features in the feature catalogue than
associated variation points in the assets, thereby reducing the cognitive burden of comprehending and
managing a product line and the variations among the members of the product line.

Using a computer programming language analogy, the feature catalogue is a class or data type. Each
member of the bill-of-features portfolio is an instance of the feature catalogue data type that represents
all of the feature selections made for a specific member product.
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6.3.3 Domain supersets: feature catalogue and share\(&sset supersets

'sets refers to the left-hand side of the.§‘\%’ factory, as shown in the bold black redtangle
h
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Figure 6 — Feature-based abstractions in the fe:ﬁn‘oe based PLE factory
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Figure 7 — Domain supersets in t&@g\ture-based PLE factory
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Assets: shared asset supersets and pr@ct asset instances

refer to the bottom half of the PLE fa g\g\y, as shown in the bold black rectangle in ]
e digital engineering assets involve@%n

'ts, including the shared asset su%%rsets that support the entire product line an
hstances for each of the membérproducts in the product line.

E factory configurator provides the abstraction-driven automation to derive each
re from the shared asset-supersets by exercising the shared assets’ variation point
t according to the féature selections made in a bill-of-features. This key benefit off
htes the labour&sive and error-prone activity of manually assembling a
ering assets fof each member product.
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Product asset]instances |

o)
Figure 9 — Product instances for member proéts in the feature-based PLE factory

6.4 Reference model layers o

Completing the feature-based PLE referenc }f\%del are three layers, shown along the tgp of Figure 3.
The layers characterize what stakeholderﬁ) in order to create, utilize, and sustain the feature-based
PLE faftory approach: \»

— THhe base technology layer com,r\l'ses the tools and technology of the factory infrastructure. Think
oflthis as the fully functionakfdctory without any of the people inside to run the factofry.

— THe middle technical erganization management layer focuses on the people, roles, and processes
thpt operate a PL ory. In combination, the base technology layer and the midldle technical
organization ma ent layer provide a fully operational feature-based PLE factgry capable of
prioducing the s for all of the products in a product line.

— THhe top %ess organization management layer focuses on the people, roles, gnd processes
thpt ut'l@i and leverage a PLE factory to achieve the business objectives of the entgrprise. Using
theé\bgy to a conventional factory, the top business organization management lpyer provides
gyidarice and support for the executive leadership working in the office high-rise thatfoverlooks the

factory.

The distinct separation of stakeholder concerns in this document, between the feature-based PLE
technology providers and the feature-based PLE technology users, is clearly visible in these layers.
Stakeholders in the technology layer are tool providers and implementors concerned with what is
required to create commercial off-the-shelf tools and technology to support the feature-based PLE
practitioners in the other two layers. Stakeholders in the technical organization management layer and
business organization management layer are practitioners, managers, and business leaders concerned
with the methods required to effectively use commercial off-the-shelf tools and technology to achieve
their technical and business objectives for feature-based PLE.

Together, these three layers of the feature-based PLE reference model provide guidance on what is
required to achieve the benefits of feature-based software and systems product line engineering. Each
layer is described in detail in Clauses 7 to 9 respectively.
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6.5 Feature language

To bring this all together, the PLE factory shall have a well-defined feature language; that is, a syntax
and semantics for the formal representation, structural taxonomy, and the relationships and mappings
among the concepts and constructs in the feature catalogue, bill-of-features portfolio, and shared asset
superset variation points. Figure 10 denotes the areas of the technology layer that are concerns for the
feature language, which is elaborated along with examples in 7.2.

| Shared asset supersets |

R
Figure|10 — Feature language relatiéré)ll feature-based concepts in the PLE factory

&

6.6 Support for a hierarchical ’\%’uct line of product lines

Feature-basedl PLE should be a%ked hierarchically to produce a product line of product lings. Any
product line ¢an be decompos@ to a collection of smaller product lines that are then hierarchically
structured as|child product s. This decomposition can be applied recursively to any depth to|create
a tree-struct e of product lines. This product line hierarchy enables mirroring| of the
recursive decpmpositi i i -of- ystem-

For example, 3
of brake systems e 3 Amen d . :
many more. Each vehlcle in the vehlcle product llne comprlses a selectlon of an engme a selectlon of a
brake system, a selection of an infotainment system, a selection of an interior lighting system, and so on.

Each product line in such a hierarchy has its own PLE factory. The member products of a product line
constitute a set of choices from which member products in the parent product line can choose.

It is a further requirement of the overall feature language to support this flow of choices from child to
parent, and to allow sharing of features among product lines by establishing an import relationship.
The latter is crucial for establishing feature constraints and asset variation points among interrelated
subsystems (e.g. a high-end cruise control that slows the car if there’s traffic ahead requires a braking
system that supports braking via software command).

In such a case, each constituent product line is turned out by its own PLE factory, and the overall
product line (of product lines) is produced by a PLE factory (comprising subsidiary PLE factories). In
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this document, where we refer to a PLE factory and where the product line is a product line of product
lines, the reference applies equally to a constituent PLE factory or the highest-level PLE factory.

6.7 Other concerns

6.7.1 General

Other conventional engineering disciplines are relevant to the practice of feature-based PLE. However,
they are separate concerns and not specific to or limited to feature-based PLE, so are not explicitly
represented in Figure 3 as key elements of this reference model. 6.7.2 to 6.7.5 summarize the ways in
which these separate disciplines interplay with the feature-based PLE tools and methods.

6.7.2 | Configuration management concern

The fe
config
effecti
by the

hture catalogue, shared asset supersets, and bill-of-features portfolio all’evolve dver time. The
iration management concern involves the temporal management - versions, branches, baselines,
vity, check-in/check-out - of these technical elements in a PLE factoryThis concern is addressed
configuration management process (8.8).

Produ
can be
config

"t asset instances are generated, so they can be treated as transient digital data.
discarded and regenerated at a later time as needed, they are not strongly imp
iration management concern during development. However, product asset instanc

Because they
licated in the
bs can elevate

downstream
turing bill-of-

into te
operat]
mater

mporal management as products transition from development into deployment ang
ions such certification, creating contractual deliveryrarchives, populating manufag
als, creating digital twins, and so forth.

Modification and extension of the generated productiasset instances and the optional me
changg¢s back into the shared asset supersets is not'included as a practice in this docume
busingss processes dictate, it may occur and should follow the application engineering pra
in the more general ISO/IEC 26550.

rging of those
ht, although if
ctices defined

To support the configuration management concern of feature-based PLE, a PLE factory shall provide a
capabillity to manage evolution over time to support versions, branches, baselines, effectivjty, and check-
in/chegk-out of the constituent parts of the feature catalogue, the bill-of-features portfolio, the shared
asset qupersets, and, if needed-as:described in the previous two paragraphs, product asset instances.

Tempg
these ¢

ral management mdy be built into the tools that, respectively, are used to create|and maintain
tlements, or it maybe provided by separate tooling such as a configuration management system.

6.7.3 | Traceability'concern

Featur
‘V’, ind

e-based \PLE supports the full set of assets in the software and systems engineg¢ring lifecycle
ludifighall of the relationships and traceability across the assets in the different qtages such as
requirgménts, design, implementation, verification, and validation. Beyond conventional traceability
among > it i i i i n the feature
catalogue and the feature-based variation points in all of the shared asset supersets. This concern is
addressed by the PLE factory configurator (7.7) and the traceability management process (8.9).

To support the traceability concern of factory-based PLE, a PLE factory shall include tooling to:

— create, modify, delete,and browse traceability relationships among elements in the feature catalogue
and shared asset supersets.

To support the traceability concern of factory-based PLE, a PLE factory should include tooling to:

— transform traceability links in the shared asset supersets into the corresponding traceability links
in the product asset instances after a configuration operation by the PLE factory configurator,
supporting a well-defined semantics for transforming traceability links that go into and out of
variation points that are transformed by the configurator; for example, when a superset traceability
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link exists between an optional requirement variation point and an optional test case variation
point, if during product configuration both of these variation points are omitted, then the PLE
factory tooling should also remove the extraneous traceability link;

analyse and report on traceability links in the product asset instances after a configuration

operation by the PLE factory configurator; for example, after a product configuration operation, if
either the source or destination of a traceability link does not exist due to omitted content, and if
this condition is considered an error, then the PLE factory tooling should report this “broken” link.

Traceability capabilities may be provided by the PLE factory development environment or may be
provided by separate traceability tooling.

6.7.4 Chan

APLE factory
that the PLE f]
be reviewed,

implementati
asset instance
PLE factory. T|

Change mana
PLE factory e

6.7.5 Acces

Intellectual p
catalogue, bil

To support th
based access

7 Techno

7.1 Geners

This clause d

based PLE sh¢wn in the technglegy layer of the reference model in Figure 3. It is therefore the c

of the feature

The technolo

implementati
based PLE. Iy

e management concern

s subject to change requests from customer, business, and technical stakeholders. To
hctory evolves to best meet the overall needs of all the stakeholders, changeyrequest
hdjudicated, prioritized, allocated to temporal management baselines, and-decompo
bn in the feature catalogue, bills-of-features, and shared asset supersgets. Because p
s are generated, they are not implicated in the primary change management conce
his concern is addressed by the change management process (84.0):

pement may be built into the tools that, respectively, are used to create and maint
ements, or it may be provided by separate change management tooling.

s control concern

-of-features, and product asset instances.

e access control concern, a PLE factory:should include tooling to enforce role- or id
controls to content.

ogy layer

1

bscribes the tool and ‘technology elements necessary to support the aspects of fg

tbased PLE techriology providers who want to offer commercial off-the-shelf tools.

by layer-and this document as a whole are independent of the data and behay
bn methods, models, languages, tools, and techniques used to realize and practice fg
hplementation choices are intentionally left open within black box descriptions

clause, so tha

comimercial off-the-shelf tool and technology providers have the flexibility to mak

assure
s shall
sed for
roduct
n for a

hin the

Foperty and security concerns require accessicontrol to shared asset supersets, feature

entity-

ature-
bncern

rioural
ature-
in this
e their

own implementation choices. For the key elements of the PLE factory, examples are provided that may

be used for th

eir black box implementations.

7.2 Feature language

To support feature catalogue engineering, bill-of-features portfolio engineering, and shared asset
superset engineering, the technology layer of a PLE factory shall provide tooling that supports a
well-defined feature language that provides the syntax and semantics for the formal representation,
structural taxonomy, and relationships among the concepts and constructs in the feature catalogue,
bill-of-features portfolio, and shared asset superset variation points, including:

— A data declaration language for representing a feature catalogue - the abstractions for the
differentiating characteristics in any product line. The feature catalogue is a collection of choices
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that are offered, which may be expressed in the data declaration language with any of the following

or

others:

simple optional choice, specifying that a choice is to be made to include or exclude a feature;

mutually exclusive choice, specifying that one and only one selection is to be made from a list of

available choices for a feature;

mutually inclusive choice, specifying that zero or more selections is to be made
available choices for a feature;

from a list of

aggregate choice, specifying that all of a fixed list of available choices is to be made for a feature;

— Af
of]
ex

— A

hierarchical choice with sub-choices, specifying that any member in the list of ayz
for a mutually exclusive, mutually inclusive, or aggregate feature can be anothe
requires further sub-choices to be made;

scalar choice, specifying that a value is to be selected from a range ofjvalues, such
integer value between 1 and 10.

eature constraintlanguage in the feature catalogue to express relationships for valid

pressed with any of the following or others:

mathematical relationships on scalar features; for example, if NumberOfDoors
feature expressing the choice for the number of passenger doors on an automo
constraint indicating that number of doors must be greater than one can b
(NumberOfDoors > 1);

relational programming logic (i.e. N-ary.Boolean expressions comprising typed

constraint of the form ((NOT AdaptiveCruiseControl) OR (Brakes == Electronic))
express that the optional AdaptiveCuiseControl feature is not selected (adaptive
is the capability that enables an-automobile to slow down and speed up to keep a

breaking allows software-to initiate breaking to slow down an automobile);

graphical relationships’in a visual feature language; for example, two selectal
visual graph with'a symmetric arc between them labelled “Excludes”, indicating
nodes are mutyally exclusive (i.e. one or the other can be selected, but not both).

cafalogue. The-bill-of-features is the collection of selections made for each of the cho

fe
to

hture catalogue. The data instantiation language for the bill-of-features shall prov
assign.wvalues to choices for all of the constructs in the data declaration language

ilable choices
r feature that

as picking an

combinations

feature choices in a bill-of-features. The relationships in the featuire constraint laniguage may be

is an integer
bile, a feature
b of the form

yariables plus

operators such as AND, OR, NOT, Greater-than, Equal-to, Less-than); for examlple, a feature

fan be used to
rruise control
safe distance

from the car in front of it) dr-that the Brakes feature choice selected is Electromnic (electronic

le nodes in a
r that the two

data instantiation language for representing the bill-of-features selections from the feature

ces offered in
de the means
of the feature

caralogue.

— A variation point language to express asset variation point structures and to express the
mapping between feature selections made in a bill-of-features and the automated variation point
configurations. The variation point language may be expressed with any of the following or others:

a means to define the extent of a variation point; for example, a variation point in
can be applied to a single requirement or to a section of requirements;

inclusion or omission of optional content in a shared asset superset;
selecting a variant of content in a shared asset superset;

relational programming logic;
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— graphical relationships between the data declaration language of the feature catalogue and
artefacts in a type of shared asset superset, such as graphical relationships between features in
a feature catalogue and model elements in a UML model;

— generation of content from a feature specification, at the location of a variation pointin a shared
asset superset; for example, a code generator can examine feature selections in a bill-of-features
to generate a method call with parameter values;

— feature-based transformation of shared asset superset content from one form into another, at
the location of a variation point in a shared asset superset.

A hierarchical decomposition structure for creating a product line of product lines.

A constryct to capture and represent auxiliary information such as comments and attribu'tes for
each objert in the feature language, including at least information rendered in plain text:

For example, pn overall feature language formalized in a tool from a PLE technology,pndvider an be

defined as:

24

A feature catalogue with a flat list of features, where each feature is defined with a namd and a
mutually [exclusive list of choices. PLE practitioners using the tool with this feature languagelwould
implement the feature catalogue for their PLE factory as a list of features for their product ling, such
as the following examples from the automotive domain:

— Featyre Name: AdaptiveCruiseControl. Choices: Yes, No;
— Featyre Name: Braking. Choices: Basic, Electronic, Perfermance.

Binary fefature constraint expressions in the featurg catalogue. PLE practitioners using ta:ae tool
would injplement binary feature constraints in their feature catalogue to assure valid feature
selection$, such as the following from the automotive example:

— (AdaptiveCruiseControl == Yes) REQUIRES ((Braking == Electronic) OR (Brakiphg ==
Performance)).

Abill-of-features portfolio, where eachibill-of-features has a name and comprises a selection f¢r each
of the feafures in the feature catalogue. PLE practitioners would use the tool to make selectjons in
the bill-of-features for their portfolio, such as the following from the automotive example:

— Bill-gf-features Name: Sport;
— Heature Adaptive€ruiseControl: Yes;
— Heature Braking: Performance;

— Bill-gf-features Name: Entry;

— Heatlre AdaptiveCruiseControl: No;

— Feature Braking: Basic.

A variation point definition for optional requirements, where the variation point extent is a single
requirement and the variation point mapping is a traceability link between a feature option and an
optional requirement variation point, indicating that the selection of the feature option in a bill-
of-features will cause the optional requirement to be present in the corresponding product asset
instance. PLE practitioners would use the tool to create variation points in their requirements
shared asset superset, such as the following from the automotive example:

— Feature choice Braking:Performance in the feature catalogue traces to optional requirement
“High performance brakes shall support emergency braking from 180 miles per hour to full stop.”

Avariation point definition for optional source code files, where the variation point extent is a single
source code file and the variation point mapping is a traceability link between a feature option and
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an optional source code file variation point, indicating that the selection of the feature option in a
bill-of-features will cause the optional source code file to be present in the corresponding product
asset instance. PLE practitioners would use the tool to create variation points in their source code
shared asset superset, such as the following from the automotive example:

— Feature choice AdaptiveCruiseControl:Yes in the feature catalogue traces to optional source
code file Front_Distance_Sensor_Controller.java.

7.3 Feature catalogue

To support feature catalogue engineering, the technology layer of a PLE factory shall provide tooling
that includes:

— arjeditor with a user interface to view, create, modify, delete, and otherwise editthe fgature models
arld other constructs and relationships in the data declaration language of thefeaturg catalogue, as
well as the feature constraint language for expressing relationships among feature choices offered;

— an operation to determine the semantic and syntactic correctness of thefeature catalogue;

— adligital representation for all the constituent parts of the feature eatalogue that can he persistently
stpred, read and modified on a computer storage system.

7.4 Bill-of-features portfolio

To sugport bill-of-features portfolio engineering, the techhology layer of a PLE factory|shall provide
tooling that includes:

— ainechanism to create, name, rename, organize, and delete a bill-of-features as a memper of the bill-
ofifeatures portfolio;

— arjeditor with a user interface to view, create, modify, delete and otherwise edit the selections made
inthe data instantiation language for@pbill-of-features; the editor shall understand apd respect the
relationship between the feature catalogue as a data type and the bill-of-features as an instance of
the selections made from the choiees offered in the feature catalogue;

— arj operation to detect and-réquire that all of the feature constraints declared as part|of the feature
cafalogue are satisfied in each bill-of-features member of the bill-of-features portfolig;

— a mechanism to eithér' recommend or automatically make additional feature selections in a bill-
ofifeatures, based on previous feature selections made in that bill-of-features, copstraints, and
inferences;

— ar operation‘to detect and maintain consistency between the feature catalogue and the bill-of-
featuressportfolio; when the feature catalogue data type declaration changes, each hill-of-features
m =mber of the b111 of-features portfolio is resolved to accommodate the changes; for pxample, if an

exclusive alternatives, then existing instantiations of that optional feature in all of the bill-of-features
need to be migrated to instantiations of that feature with the appropriate alternative selected;

— a digital representation for all the constituent parts of the bill-of-features portfolio that can be
persistently stored, read and modified on a computer storage system.

7.5 Shared asset supersets

To support shared asset superset engineering, the technology layer of a PLE factory shall provide
tooling that:

— allows attachment of an open-ended set of shared asset supersets to a product line so that the PLE
factory configurator can configure them based on a bill-of-features for a member product to produce
corresponding product asset instances;
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provides the mechanism to create and delete variation points in each asset type within a shared
asset superset by engineers using the engineering tool they are accustomed to using to manipulate
that kind of engineering asset; these should include requirements tools, system design tools,
software development tools, electrical design tools, mechanical design tools, documentation tools,
verification and validation tools, and other engineering tools to be used in a PLE factory;

provides a consistent way to specify variation points using a single variation point language for
every type of shared asset, as opposed to each type of shared asset having its own language of
variation points, to aid in comprehension across the lifecycle stages and to assure that all shared
assets can be systematically processed by the PLE factory configurator;

provides an editor to view, create, modify, delete and otherwise edit the constituent variation point

language|constructs (as defined in 7Z.2] for all variation points, including the formal mappin|

bill-of-fe

provides
exercise \

7.6 Produd

The technolog
building, pac

]

tures selections to the configured variation point content realization;

a well-defined semantics for each asset type on how the PLE factory cenfigurat
rariation points based on feature choices in a bill-of-features.

't asset instances

ylayer of a PLE factory shall provide tooling that allows inspection, verification, vali
kaging, archiving, and deployment, for transitioning preducts from developmel

operations, fofr all asset types in the product asset instances, using the engineering tools that eng

are accustom

7.7 PLE fag

The technolo
mechanism t
instances. Co
according to t

The PLE fact

bd to using for each type of asset.

'tory configurator

d configure the shared asset supersets.attdched to a product line into the produc
nfiguration occurs by exercising each-variation point in each shared asset sy
he feature choices in the bill-of-features for a product.

bry configurator shall also inteyact with the traceability tooling in the PLE fact

transform trdceability links in the shared asset supersets into the semantically equivalent trace
links in the prjoduct asset instances. For.€xample, superset traceability links between common ar
should be repllicated as instance traceability links in the corresponding common artefacts in th

kb from

pbr will

Hation,
0t into
ineers

by layer of a PLE factory shall include a*PLE factory configurator that provides the

L asset
perset

ory to
ability
fefacts
b asset

instances. Sinpilarly, superset traceability links to or from variation points should be transformed in the

asset instancgs based on the syntax and semantics of the variation point language.

7.8 PLE fa¢tory develogpment environment

The technology layer‘of a PLE factory shall provide tooling that includes a PLE factory develdpment

environment.|Thigshould include:

— support formultiple, concurrent users;

— editors for browsing, creating, modifying, and navigating the product line hierarchy and its
infrastructure;

— tools to aid in product line analysis and comprehension, such as:

— syntactic and semantic checker for all elements of a product line;

— search tool over a product line;

— impact analysis tools, such as a tool to determine in which products a given feature or variation
point is used;
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— analytics and statistics report on the product line, including coverage statistics for product line

scope, ratios of common artefacts versus variation point artefacts, and so forth;

— a command line interface for integration into automated build systems and other tools in a
development and production environment;

— an open programming interface so that third parties can develop their own integrations with the
solution.

The PLE factory development environment should have an architecture and user interface that scales for
the number of engineers involved in the engineering of the product lines and their varying experience
with the various engineering tools and the product line engineering infrastructure.

8 Technical organization management layer

8.1 ¢

This ¢
techni
concel|
technd
separg
usage

The te
descri
all of t
includ
of a PL

There
proceg

variation points. They are also independent of the engineering processes used for produ

and v{
with t
manag
agreer|

Simila
softw

reneral

ause describes the people, roles, and processes that operate a_PLE factory, as
ral organization management layer of the reference model in Figure 3. It is
n of the feature-based PLE engineering practitioners who use t00ls described in ClI
logy layer to achieve their technical objectives for feature-based PLE. Because o

Hiscussions in this clause refer back to the tool capabilities from the providers in Cl

chnical organization management layer in conjuriction with the technology layer i
be a fully operational feature-based PLE factory. that produces the product asset
he member products in a product line. Specifically, the technical organization man
s all of the processes and operations necessary to create, maintain, and utilize the
E factory as shown in Figure 4.

ference model and this document ag;awhole are independent of the engineering and
ses used to create and manage-the content of the shared asset supersets, oth

lidation of the product asset-instances. As such, the reference model is completq
e process groups of ISO/MEC/IEEE 12207 and ISO/IEC/IEEE 15288. The technica
ement process is in line with the organizational project-enabling processes g
hent processes group of ISO/IEC/IEEE 12207 and ISO/IEC/IEEE 15288.

Fly, the referenceymodel and this document as a whole do not prescribe the use of 3
re and systems engineering methodologies. Organizations can decide which meth

appro
Each

the title of the operation;

riate for their needs.

eratian is described in terms of the following attributes:

shown in the
therefore the
ause 7 for the
f this distinct

tion of concerns between technology users and technplegy providers, the tool and technology

ause 7.

s sufficient to
instances for
hgement layer
key elements

management
er than their
Ct verification
ly compatible
organization
Foup and the

Iny particular
odologies are

the purpose of the operation;

the outcomes of the operation;

the inputs to produce the outcomes;

the tasks to achieve the outcomes and methods to carry out the tasks;

the tools to support the tasks and methods.

Required tool support is in the purview of the technology layer, described in Clause 7.
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8.2 Relationship to ISO/IEC 26550 technical management process group and ISO/
IEC 26556

This document incorporates by reference the processes listed below, which are described in
ISO/IEC 26550:2015, 6.1.1 (Domain engineering life cycle, product line scoping), in the roles

— product scoping;
— domain scoping;
— asset scoping.

This document inrnrpnrafnc hy reforence the processes listed hn]nur’ which —are described in

ISO/IEC 2655:2015, 6.4.4 (technical management process group, support management), in thexrples

— technical|quality management;
— decision nanagement;

— technicalfrisk management;

— tool manggement.

This document also incorporates by reference the processes listed, below, which are descriped in
ISO/IEC 2655p:2018, Clauses 5 to 7:

— organizafional-level product line planning (ISO/IEC 26556:2018, Clause 5):
— custdmer relationship management (ISO/IEC 26556:2018, 5.3);
— developing a sourcing strategy (ISO/IEC 26556:2018, 5.4);
— organizational deployment and innovationplanning (ISO/IEC 26556:2018, 5.5);
— orgaIizational operations planning (ISQ/IEC 26556:2018, 5.6);

— organizafional product line enabling (ISO/IEC 26556:2018, Clause 6):

— strudturing the product line 0rganization (ISO/IEC 26556:2018, 6.2);

— organizational product line infrastructure (ISO/IEC 26556:2018, 6.3);

— organizational product line quality management (ISO/IEC 26556:2018, 6.4);

— organizationalgovernance through product family management (ISO/IEC 26556:2018, §4.5);
— organizafional product line managing (ISO/IEC 26556:2018, Clause 7):

— prodyctline deployment and innovation management (ISO/IEC 26556:2018, 7.2);

— operations management (ISO/IEC 26556:2018, 7.3);
— organization-level product line monitoring and control (ISO/IEC 26556:2018, 7.4);
— organizational product line risk management (ISO/IEC 26556:2018, 7.5);
— product line evolution management (ISO/IEC 26556:2018, 7.6).
The following provisos apply to the incorporated material:

a) References to “domain engineering” should be replaced by “feature catalogue engineering and
shared asset superset engineering” (see 6.3.3 and Figure 7).

b) Referencesto “application engineering” should be replaced by “bill-of-features portfolio engineering
and product verification, validation, and delivery” (see 6.3.5 and Figure 9).
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8.3 Feature catalogue engineering

8.3.1

Purpose

Feature catalogue engineering is the activity that produces and maintains a feature catalogue that
captures all of the germane distinguishing characteristics among the products in the product line -
that is, distinguishing characteristics that will lead to differences in the product asset instances. The
variability is based on things like regional variation, low-end versus high-end offerings, consumer

option

8.3.2

s, non-functional performance variations, and so forth.

Role

— Fe

8.3.3

The ou
expres

The fe

ature catalogue engineer.

Outcomes

tcome of feature catalogue engineering is a new or updated feature catalogue for 4
sed in the feature language of the feature catalogue, as described.in %2.

hture catalogue includes captured constraints about allowable.¢ombinations of feaf

A featyire catalogue typically comprises several feature models&n this way, the feature

be cre
pieces
allocat

8.3.4
— Ar

hted (as well as shared and comprehended) in small, intellectually manageable and
reflecting a decomposition structure that results/from a separation-of-concern
ing features to feature models.

Inputs

tefacts currently in use to capture and ianage feature variations. This may includ

S
C

eadsheets, models, build scripts, and'so forth that describe optional and varying
racteristics of the products in the groduct line.

| product line,

ure choices.

catalogue can
maintainable
5 approach to

e documents,
fapabilities or

— Summary of the ways in which thé products in the product line will, and /or currently ¢lo, differ from
each other. This summation maj-be in the form of expert knowledge on the part of tho

fo

— Ch
th

— A

" those products, or a comparison of requirements for the different products.

aracterization of the different products that are currently (or planned to be) built f
e PLE factory to which the feature catalogue belongs.

Change request 10 create, extend, or refine the feature catalogue.

— Ariempty orpreexisting feature catalogue that will be extended or otherwise refined

Caj

alogueengineering operation.

8.3.5

Tasks

eresponsible

or delivery by

by the feature

8.3.5.1 Design and review decomposition of overall feature catalogue

Almost always, a single, monolithic feature catalogue is far too large and unwieldy to be practical.
Instead, the feature catalogue is decomposed (using some good separation of concerns criterion)
into a manageable number of separate feature models. The output of this work is a collection of
feature models and an informal description of the purview of each one.

Methods should support:
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— application of separation of concerns and encapsulation;
— facilitated elicitation to capture information from domain experts;
— review of the outcome;

— use of the tool capabilities described in 8.3.6 to express the collection of feature models identi-
fied in this task, according to the representation provided by the feature language in the tool.

8.3.5.2 Design and review a feature model's features

This work

feature, in accordance with sound naming conventions, as well as providing (where ngeded)

This task typically involves an elicitation and capture activity from individuals posgessing
knowledge about the domain involved, and/or the systems that constitute, the product lirle. The
elicitation activity can reflect the decomposition of the feature catalogue into constituent fleature

models; that is, a particular elicitation activity may be limited to one orafew specific feature models.

Methods fhould support:

— facilifated elicitation to capture information from domaitt.experts;
— document analysis and review to identify existing descriptions of variation;

— differlence analysis to identify places where existing instances differ (for example, code filgs built
for two separate member products);

— review of the resulting feature model;

— use of the tool capabilities described'in 8.3.6 to express the features in the feature modgl iden-
tified in this task, according to the'representation provided by the feature language of the tool.

8.3.5.3 Desgign and review a feature model's feature constraints

The goal|of this task is-ta/identify any dependencies and relationships between the different
features ¢f the product family. These constraints may be discovered and reverse engineerefl from
requiremgnts with, statements like, “if Feature X or Feature Y is included, then Feature Z is not
allowed.”|This taskalso includes capturing domain- or application-specific descriptive commgntary
that expldins why:the constraints are true.

Methods fhould support:

— facilitated elicitation to capture information from domain experts;
— review of the resulting feature constraints;

— (once the constraints are captured in the tooling) validation to test that the tooling will detect
and report constraint violations;

— use of the tool capabilities described in 8.3.6 to express the feature constraints identified in this
task, according to the representation provided by the feature language of the tool.

8.3.6 Tools

Tooling for all tasks is as described in 7.8, which describes the base PLE factory development
environment capabilities, 7.2, which describes the feature language in which to express the feature
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catalogue, and 7.3, which describes the tooling necessary for users to view create, modify, delete, and
otherwise edit the feature catalogue.

For example, an editor for a feature catalogue based on a flat list of features with mutually exclusive
options can provide feature catalogue engineers with a simple table-style user interface, with rows and
columns for feature names and the names for available feature options, whereas an editor for a feature
catalogue based on a multilevel feature tree can provide a drag-and-drop style graphical editor user
interface for the nodes and branches in the feature tree.

8.4 Bill-of-features portfolio engineering

8.4.1

Bill-of:
based

8.4.2
— Bi

8.4.3
The pr

A chaIge request for the feature catalogue sometimes$.results from this activity, in th

a feat
preser]

8.4.4

— Th
se

— Any information about the ptoduct whose bill-of-features is being specified. This

in
Sp
SP

— A

— An empty orpreexisting bill-of-features portfolio that will be extended or otherwise

bi

8.4.5

pecification (a bill-of-features) for each member product.

imary outcome of this activity is a bill-of-features for each member product.

ecification, a marketing report, a customer order, a user manual, an architecty
ecification, or experiénce using or operating the product.

Change requestito create, extend, or refine one or more bill-of-features.

PUrpose

features portfolio engineering is concerned with the creation and maintehance]

Role

l-of-features portfolio engineer.

Outcomes

of a feature-

e case where

re needed to specify the product in a way that distinguishes it from other prodlucts was not

tin the feature catalogue.

Inputs

e feature catalogue, which contains the features (and constraints among them
ected to form a bill-of-features,

formation from the business part of the organization, a portfolio roadmap,

l-of-features portfolio engineering operation.

Tasks

that can be

may include
requirements
ral or design

Fefined by the

8.4.5.1 Create and review bill-of-features for a member product

The primary goal of this activity is to produce a bill-of-features for one member product. This
task should be repeated for each member product, to produce the bills-of-features for all member
products.

Methods should support:
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— facilitated elicitation to capture information from product portfolio experts about desired mem-
ber products in the portfolio;

— facilitated elicitation to capture information from product experts about desired characteristics
for each member product in the portfolio;

— reviewing the selections to ensure correctness and consistency with the needs of the product line;
— creating a change request, if necessary, to extend or refine the feature catalogue;

— use of the tool capabilities described in 8.4.6 to

— clfeate, name, and store a bill-of-features;

— fi]l out the specification for a bill-of-features by making selections from the choices ¢ffered
by the feature catalogue;

— update a bill-of-features in response to changes in need of the corresponding’member product,
or changes in the feature catalogue;

— adld descriptive information, as appropriate, to the bill-of-features.

8.4.5.2 Ché€ck the selections in a bill-of-features for consistency, with all of the constraints
captured in the feature catalogue

The primpry goal of this activity is to ensure that no errorsshave been made in the selectiong.

Methods fhould support:

— use of the tool capabilities described in 8.4.6 to.check for errors in the bill-of-features selections;
— understanding the source of any errors:-found;

— remefiating the errors, either by medifying the selections made or by changing the constraints
exprgssed in the feature catalogue-via a change request.

8.4.6 Tools

Tooling for gll tasks is as described in 7.8, which describes the base PLE factory develgpment
environment fapabilities and-Z4, which describes the tooling for users to create, name, organize, fefine,
verify, and mgnage a bill-ef:features as a member of the bill-of-features portfolio.

For example, |a bill-of-features editor corresponding to a feature catalogue editor with a tablp-style
user interfac¢ and a flat list of features with mutually exclusive options can provide bill-of-fgatures
engineers an extended feature catalogue user 1nterface W1th a column next to the feature optl ns for
indicating whte i by—abitt-of-features—editor—ecorrespondis g feature
catalogue editor w1th a multllevel feature tree can prov1de blll of- features engineers an extended
feature catalogue user interface with a point-and-click checkbox in each feature option node to indicate
which options are selected.

8.5 Shared asset superset engineering

8.5.1 Purpose

Shared assets are the “soft” digital assets associated with the engineering lifecycle of the products,
the building blocks of the products in the product line. Shared assets shall include whatever assets are
representable digitally and either compose a product or support the engineering process to create a
product.
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Role

Shared asset superset engineer. There will be shared asset superset engineers for each type of

asset managed by the PLE factory, such as requirements superset engineers, design model superset
engineers, source code superset engineers, test case superset engineers, user documentation

su

8.5.3

perset engineers, and so forth.

Outcomes

The primary outcome of this process is, of course, the shared asset supersets with variation points that
are available to be configured by the PLE factory configurator to produce product asset instances for

indivi

ual member products

Anoth
the feg
asset S
for thd
be the
featur

8.5.4
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common material and eliminating duplication.

T}
to

cojntent realization.

A

sh

8.5.5

8.5.5.1

Th
it
in

A} empty or preexisting shared‘asset superset that will be extended or otherwise 1

br outcome can be change requests for updates to the feature catalogue. It cah|bé
ture catalogue is missing a feature with which to express a necessary variation’ poi
uperset. In this case, the shared asset superset engineer will inform the change co

case that the variation can be expressed using a feature or combination of features
e catalogue.

Inputs

puts to shared asset superset engineering may includé the assets associated wit
oduct or set of products, in the case where a product lirie is being formed through
ready-existing products. In this case, the individuahprojects’ assets can be merged

e feature catalogue, which contains the featiwes (and constraints among them) th
define the formal mapping from bill-of{features selections to the configured v

Change request to create, extend, ar¥efine one or more shared assets.

ared asset superset engineeting operation.
Tasks

Develop shaped asset superset

e goal of €¢his task is to create, extend, or otherwise refine a shared asset supers
fo a PLE factory so that the PLE factory configurator can configure it to produce
btanees for a product family.

M

the case that
nt in a shared
rol authority

t
feature catalogue of the need. The outcome can be a new feature or andupdated fe;lure; or, it can

already in the

h a particular
the merger of
factoring out

it can be used
hriation point

efined by the

et and attach
product asset

bthods should support:

merging of preexisting assets (such as those associated with preexisting products
to be brought under the feature-based PLE umbrella);

identifying commonalities and differences among the preexisting assets;
demarcating the content in the superset corresponding to differences;

use of tooling as appropriate for the asset type, which is not otherwise constrain
factory tools described in 8.5.6 for this task.
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8.5.5.2 Insert variation points in shared asset supersets

The goal of this task is to have a shared asset superset that contains variation points that the
PLE factory configurator can use to correctly produce a product asset instance based on a bill-of-
features.

Methods should support:

— identifying places in the shared asset superset where a variation point should be created;

— creating variation points;

— upda [1Ng eXx1sting variation points;

— expré¢ssing the variation point configuration behaviour using the variation point.\wocapulary
in the feature language, which may include inclusion or omission of the content;.selectiop from
amorlg mutually exclusive content alternatives, generation of content from featérespecifidations,
and feature-based transformation of content from one form into another;

— issuipg a change request for the feature catalogue if it does not current provide the featyires to
exprgss the necessary variation;

— use of the tool capabilities described in 8.5.6 to express each variation point identified in thjs task,
inclu@ling the location and extent, as well as the formal mappihg from bill-of-features selg¢ctions
to the configured variation point content realization, accgrding to the representation prpvided
by thg feature language of the tool.

8.5.5.3 Tesf variation points
The goal ¢f this task is to ensure that the variatien points have been correctly specified.

Methods fhould support:

— analypis to determine the possible cotbinations of feature selections that affect this VariatiOIpoint;
— applyjing each combination offeature choices to a variation point and examining the resiyilt;
— ensuring that the resultiScorrect;

— updating the variationypoint when a relevant feature changes as a result of a change in the fea-
ture ¢atalogue;

— use of the togdl capabilities described in 8.5.6 to individually exercise each variation point iden-
tified in thisitask, to verify the desired behaviour under different feature combinations.

8.5.6 Tools

Tooling for all tasks is as described in 7.8, which describes the base PLE factory development
environment capabilities and 7.5, which describes the tooling necessary to let users create, validate,
and maintain shared asset supersets and feature-based variation points within those shared asset
supersets.

For example, a PLE-enabled requirements management tool can provide requirements superset
engineers a point-and-click command to indicate that a requirement is a variation point, followed by
the presentation of a popup graphical representation of the feature catalogue that would allow the
engineer to click on a feature option in order to establish the mapping between the feature option and
the optional requirement variation point.
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8.6 Automated configuration of the product asset instances

8.6.1 Purpose

The purpose of this process is to invoke the PLE factory configurator to produce product asset instances
for a member product.

8.6.2 Role

— PLE factory build engineer.

8.6.3 [ Outcomes

— Prjoduct asset instances configured correctly according to the bill-of-features pfovided.

8.6.4 | Inputs
— Bi]l-of-features for a product;

— Shared asset supersets attached to a PLE factory.

8.6.5 | Task — Configure the shared asset supersets using the’PLE factory configurator

The goal of this task is to ensure that the output of adPLE factory satisfies its requirpments and is
repdy for delivery.

Methods should support:

—| utilising the PLE factory development‘environment to produce product asset ingtances corre-
sponding to a bill-of-features;

—| analysing any errors or anomalies reported by the PLE factory configurator;

—|{ remediating any errors or‘anomalies reported by the PLE factory configurator;

— use of the tool capabilities described in 8.6.6 to select the bill-of-features identifigd in this task
and then invoke the PLE factory configurator operation to produce product assetjinstances.

8.6.6 | Tools

Tooling for all-tasks is as described in 7.8, which describes the base PLE factory|development
environment capabilities and 7.7, which describes the configuration functionality of the PLE factory
confighrator,

For ex mp]n the PIE Far‘fnrv r‘nnﬁgnrafnr user-interface can nrn‘an the PILE Farfnry ]ﬂulld englneer

with a point-and-click button to invoke the configurator, Wthh would present a popup menu for
selecting a bill-of-features from the bill-of-features portfolio and produce the product asset instances
according to the selected bill-of-features.

8.7 Verification, validation, and product delivery of the product asset instances

8.7.1 Purpose

The purpose of this activity is to take the output of a PLE factory and perform all steps necessary in
support of delivery.

Reviews of stand-alone content, such as unit testing for stand-alone software components, should be
performed on the shared asset supersets and not be repeated for each product asset instance. The PLE
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organization should undertake a study to determine which other V&V (verification and validation)
activities may be effectively carried out once on the shared asset supersets and not once per product
asset instance, using criteria such as impact of defects, pedigree and historical reliability and stability
of content, sensitivity to context, and other criteria as appropriate.

8.7.2 Role

— Product asset instance verification engineer.

— Product asset instance validation engineer.

— Product asset instance delivery engineer.

8.7.3 Outcomes

— Product 4
— Product 4

— Any defec

8.7.4 Inpuf

— Product 4
8.7.5 Task{

8.7.5.1 Ver

The goal

sset instances verified and validated.
sset instances packaged and bundled as appropriate for delivery.

ts encountered reported to the PLE factory change control authority.

S

sset instances produced by the PLE factory configurator:

fy and validate member product

pf this task is to ensure that the outputof the PLE factory satisfies its requiremer

is ready for delivery. By “requirements” we ifielude any property the member product mus

in order
regulator

Methods

document

8.7.5.2 Pac

The goal
and prep:
in the pag

Methods

document

to be deliverable. This includes-fuinctional correctness, quality attribute achiev|
y and process compliance, and Whatever other properties may apply.

are as appropriate for the‘member products and are not otherwise constrained

L.

kage and deliveramember product

bf this task is\to perform any necessary post-processing on the output of the PLE f
ire the member product for delivery, ensuring that any required deliverables are in|
kage.

are,as appropriate for the member products and are not otherwise constrained

ts and
t have
ement,

by this

actory
cluded

by this

L -

8.7.5.3 Identify and report a defect

The goal of this task is to ensure that defects are reported to the change control authority for
the PLE factory, so that changes to eliminate the defect are carried out inside the PLE factory to
the feature catalogue, the bill-of-features for the product, and/or the shared asset supersets, as
appropriate.

Methods are as appropriate for the member products and are not otherwise constrained by this
document.

8.7.6 Tools

Tooling is as appropriate for the member products and is not otherwise constrained by this document.
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8.8 Configuration management

8.8.1

Purpose

The purpose of configuration management is to ensure an orderly, managed evolution of the entire
production line - shared asset supersets, feature catalogue, and bills-of-features - over time in a way so
that any version of any product can be reliably and efficiently recreated at any point in time.

The temporal management approach for feature-based PLE is built on two key principles that are
independent of version management tool, repository, or shared asset type under version management

contro

1.
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8.8.2
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| development and maintenance modifications are performed on shared asset_
hiture catalogue, and/or the bills-of-features.

oduct assetinstances are always read-only and never modified for developmertand

mporal management in the more general ISO/IEC 26550 reference-model for
ering and management, the application asset instances for each member product a
anaged separately. The temporal management strategy for feature-based PLE

asset supersets, not the product asset instances. While mwodification and ext]
ted product asset instances and the optional merging of those/changes back into th
ets is not included as a practice in this document, if buisiness processes dictate
ould follow the application engineering practices defined in the more general I
ice model for product line engineering and managefaent.

Role

E factory temporal management engineer

Outcomes

One or more temporal baselines for the product line. A temporal baseline is essentig

e-level baseline that comprises the set of baselines of each of the shared asset ¢
hiture catalogue and the bill-of-features portfolio.

Inputs

ature catalogué, stored and maintained in such a way that the current or any previo
recreated at'any time.

recreated at any time.

aréd asset supersets, stored and maintained in such a way that the current or

upersets, the

maintenance.

product line
"e maintained
s focused on
ension of the
b shared asset
it may occur
b0/IEC 26550

lly a product-
upersets, the

1S version can

Is-of-fedtures, stored and maintained in such a way that the current or any previoiis version can

any previous

ve

8.8.5

rsion of each can be recreated at any time.

Tasks

8.8.5.1 Create a temporal baseline

The goal of this task is to produce a temporal baseline that corresponds to a set of member product

ve

rsions. A temporal baseline includes:
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— asetofindividual shared asset superset baselines;

— baselines for the feature catalogue and bills-of-features that correspond in time to the set of
shared asset superset baselines.

Methods should support:

— identifying the set of member products and the version of each to which this temporal baseline
applies;

— identifying the version of each applicable shared asset superset that should be part of this tem-
poral baseline;

— identjfying the versions of the feature catalogue and bill-of-features portfolio, respectively, that
should be part of this temporal baseline;

— captyring and representing (for later recall) this information;
— giving the temporal baseline a unique name;

— use of tooling as appropriate for the temporal baseline representation; which is not othprwise
constrained by the PLE factory tools described in this document.

8.8.5.2 Usea temporal baseline to define and (re-)create a version of a member product at
any time

Methods fhould support:
— identjfying the member product and the versiothat should be recreated;
— identjfying the temporal baseline that applies to that version of that member product;

— creatjng or recreating the versions of the feature catalogue, bill-of-features portfolio, and fhared
asset|supersets that are indicated inthat temporal baseline;

— usingthe PLE factory configurator to instantiate those shared asset supersets according to the
bill-of-features, as described in 8.6.

8.8.6 Tools

Tooling for these tasks is-fiot constrained by this document. A scheme as simple as a table or spreadsheet
can suffice to|store thestemporal baselines (e.g. one per column) and the version number of eacH of the
constituent parts (e.g.one per row).

8.9 Traceability management

8.9.1 Purpose

The purpose of traceability management is to ensure that product asset instances emerge from the PLE
factory configurator with correct and consistent traceability links.

8.9.2 Role

— Shared asset superset engineer.

8.9.3 Outcomes

— Shared asset supersets and feature catalogue, with appropriate traceability links established in
compliance with the traceability approach defined in the 8.9.4.
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Reports on traceability links in the product asset instances. For example, if the source or destination

of a traceability link between product asset instances does not exist, and if this condition is
considered an error, then the report shall identify these as “broken” links.

8.9.4

Fe

Inputs

Shared asset supersets.

ature catalogue.

A traceability approach specifying how shared asset supersets are linked together; for example,

code to requirements, test cases to requirements, code to test cases, etc. This document has no bias

w

8.9.5
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th respect to this approach.
Tasks

Insert trace links

e goal of this task is to establish trace links, in accordance with the traceability 3
e shared asset supersets. This is a key property of feature-bas€d PLE: trace links
b shared asset supersets and carried over through configuration into the product as

bthods should support

specifying the source and destination of a tracedink in terms of shared asset sup
such as a requirement, a unit of code, a test case¢, and so forth;

reviewing the trace links for correctness aid coverage;
revising (changing) a trace link;

use of tooling as appropriate for the'trace link representation, which is not otherwis
by the PLE factory tools described in this document.

Check product assetinstances for correctness of trace links

e goal of this task isto ensure consistent and correct trace links in the product asse
" example, a mutwally inclusive requirement and test case are linked together, they
pir respective shared asset supersets. If one is chosen for inclusion in its product 4
en the other ust be as well, thus ensuring that the requirement and test will b

C

either. If one is chosen but the other is not, this will result in a broken link in the
inptaneces, which indicates an error in the variation point specification of one or the o

Methods should support:

figuration’-If one is not chosen due to a variation point, then the other should

pproach, into
are built into
set instances.

erset content,

e constrained

t instances. If,
are linked in
sset instance,
e linked after
not be chosen
product asset
ther.

8.9.6

analysis for correctness of trace links;

understanding the source of any errors found;

reporting of any errors and their source to the factory change management authority;

use of tooling as appropriate for the trace link representation, which is not otherwise constrained

by the PLE factory tools described in this document.

Tools

Tooling for these tasks is not constrained by this document.
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8.10 Change management

8.10.1 Purpose

This process manages changes to the feature catalogue, bills-of-features, and shared asset supersets. A
change request is approved (and prioritized) or denied by a recognized change management authority.
The authority can be a chartered board, or (e.g. in the early days of establishing a PLE factory) a
manager whose purview includes directing changes to be made. The authority reviews a change request
to assess the required effort to implement, determine whether to implement, and assign priority to
the implementation. The authority plans and schedules the work, coordinating with PLE factory lead
engineers and PLE factory management team (see 9.2 prov1so a) 1) and d) 2)). The change request is

1 | | LA I N £
closed after woerkts LUllllJlCLCbl anaverirrea oy e appropt tate CllslllCCl llls team:

8.10.2 Role

— PLE factory change control authority.

8.10.3 Outcgmes

— Adjudicatled (approved/prioritized, denied) change requests.

— Feature cptalogue, bills-of-features, and shared asset supersets are-updated as appropriate.
— Work to implement an approved change request is planned and scheduled.

— Closed change request, which is closed after rejections_or” (in case of approval) after work to
implement it is completed and validated.

8.10.4 Inpuis
— Change re¢quests.

— Feature cptalogue, bills-of-features, and shared asset supersets.
8.10.5 Tasks

8.10.5.1 Initiate a change request

The purplose of this task.is to create a change request to the feature catalogue, bills-of-features,
and/or shared asset supersets.

Methods fhould support:

— creatjng change request using a standardized format;

— storing the change request for later recall or revision;
— inserting the change request into a workflow process that leads to its adjudication;

— use of tooling as appropriate for change request management, which is not otherwise constrained
by the PLE factory tools described in this document.

8.10.5.2 Adjudicate a change request and capture rationale for the adjudication

The purpose of this task is to assign an initial state to a change request, such as “rejected” or
“accepted”.

Methods should support:

40 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=f08ae5ee515984ded8cdfafd246e33c9

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Overview of feature-based product line engineering
	4.1 General
	4.2 Shared assets
	4.3 Features
	4.4 Automated means of production
	5 A feature-based specialization of software and systems product line engineering
	6 Reference model for the feature-based approach to software and systems product line engineering
	6.1 General
	6.2 Key elements of the feature-based PLE factory
	6.2.1 General
	6.2.2 Feature catalogue
	6.2.3 Bill-of-features and bill-of-features portfolio
	6.2.4 Shared asset supersets
	6.2.5 PLE factory configurator
	6.2.6 Product asset instances
	6.3 Relationships among the key elements of the factory
	6.3.1 General
	6.3.2 Feature-based abstractions: feature catalogue and bill-of-features portfolio
	6.3.3 Domain supersets: feature catalogue and shared asset supersets
	6.3.4 Assets: shared asset supersets and product asset instances
	6.3.5 Product instances: bill-of-features portfolio and product asset instances
	6.4 Reference model layers
	6.5 Feature language
	6.6 Support for a hierarchical product line of product lines
	6.7 Other concerns
	6.7.1 General
	6.7.2 Configuration management concern
	6.7.3 Traceability concern
	6.7.4 Change management concern
	6.7.5 Access control concern
	7 Technology layer
	7.1 General
	7.2 Feature language
	7.3 Feature catalogue
	7.4 Bill-of-features portfolio
	7.5 Shared asset supersets
	7.6 Product asset instances
	7.7 PLE factory configurator
	7.8 PLE factory development environment
	8 Technical organization management layer
	8.1 General
	8.2 Relationship to ISO/IEC 26550 technical management process group and ISO/IEC 26556
	8.3 Feature catalogue engineering
	8.3.1 Purpose
	8.3.2 Role
	8.3.3 Outcomes
	8.3.4 Inputs
	8.3.5 Tasks
	8.3.6 Tools
	8.4 Bill-of-features portfolio engineering
	8.4.1 Purpose
	8.4.2 Role
	8.4.3 Outcomes
	8.4.4 Inputs
	8.4.5 Tasks
	8.4.6 Tools
	8.5 Shared asset superset engineering
	8.5.1 Purpose
	8.5.2 Role
	8.5.3 Outcomes
	8.5.4 Inputs
	8.5.5 Tasks
	8.5.6 Tools
	8.6 Automated configuration of the product asset instances
	8.6.1 Purpose
	8.6.2 Role
	8.6.3 Outcomes
	8.6.4 Inputs
	8.6.5 Task — Configure the shared asset supersets using the PLE factory configurator
	8.6.6 Tools
	8.7 Verification, validation, and product delivery of the product asset instances
	8.7.1 Purpose
	8.7.2 Role
	8.7.3 Outcomes
	8.7.4 Inputs
	8.7.5 Tasks
	8.7.6 Tools
	8.8 Configuration management
	8.8.1 Purpose
	8.8.2 Role
	8.8.3 Outcomes
	8.8.4 Inputs
	8.8.5 Tasks
	8.8.6 Tools
	8.9 Traceability management
	8.9.1 Purpose
	8.9.2 Role
	8.9.3 Outcomes
	8.9.4 Inputs
	8.9.5 Tasks
	8.9.6 Tools
	8.10 Change management
	8.10.1 Purpose
	8.10.2 Role
	8.10.3 Outcomes
	8.10.4 Inputs
	8.10.5 Tasks
	8.10.6 Tools
	9 Business organization management layer
	9.1 General
	9.2 Incorporation of ISO/IEC 26550, ISO/IEC 26556 and ISO/IEC 26562 processes
	9.3 Fund the PLE factory
	9.3.1 Purpose
	9.3.2 Outcomes
	9.3.3 Inputs
	9.3.4 Task — Establish and execute a funding policy for the PLE factory
	9.3.5 Tools
	Annex A (informative)  Terminology specialization from ISO/IEC 26550 to this document
	Annex B (informative)  UML 2.0 Diagrams for the feature-based PLE factory
	Bibliography

