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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 part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.
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Introduction

Software and Systems Product Line (SSPL) engineering and management creates, exploits, and manages
a common platform to develop a family of products (e.g. software products, systems architectures) at
lower cost, reduced time to market, and with better quality. As a result, it has gained increasing global

attention sinc

e 1990s.

This International Standard provides a reference model consisting of an abstract representation of the
key processes of software and systems product line engineering and management and the relationships
between the processes. Two key characteristics, the need for both domain and application engineering
lifecycle processes and the need for the explicit variability definition, differentiate product line

engineering fJ
domain asset;
engineering is
assets. Domai
different marK
engineering,

The reference
efforts to cre
requirements
technical ma
modeling, ris
detailed level
systems prod

om single-system engineering. The goal of domain engineering Is to define and 1mp|

commonly used by member products within a product line, while the goal of appl
to develop applications by exploiting the domain assets including commonand v
h engineering explicitly defines product line variability which reflects the specific n
fets and market segments. Variability may be embedded in domain assets¢During appl
he domain assets are deployed in accordance with the defined variability models.

model for SSPL engineering and management can be used in subsequent standard
ate standards having a high level of abstraction (e.g. product management, sq
engineering, design, realization, verification and validation, and organization
hagement), a medium level of abstraction (e.g. configuration management, vari
k management, quality assurance, measurement, evaluation, asset repository]
of abstraction (e.g. texture, configuration mechanism, asset mining) for softwa
lict line engineering.
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INTERNATIONAL STANDARD ISO/IEC 26550:2015(E)

Software and systems engineering — Reference model for
product line engineering and management

1 Scope

This International Standard is the entry point of the whole suite of International Standards for software
and systems product line engineering and management.

The scppe of this International Standard is to

— provide the terms and definitions specific to software and systems produet lin¢ engineering
arld management,

— ddfine a reference model for the overall structure and processes of software and syqtems product
lirle engineering and management and describe how the componerits of the product Jine reference
model fit together, and

—

— ddfine interrelationships between the components of the préduct line reference mod¢l.

This iIternational Standard does not describe any method§ and tools associated with [software and
systenps product line engineering and management. Descriptions of such methods and todls will appear
in theconsecutive International Standards (ISO/IEC 265511 to ISO/IEC 265562)). This|International
Standqrd does not deal with terms and definitiohs ‘addressed by ISO/IEC/IEEE 24765:2010 that
provides a common vocabulary applicable to all systéms and software engineering work.

Whengver this International Standard refers to\“products”, it means “system-level produdts” consisting
of software systems or both hardware and*software systems. It may be useful for thg engineering
and mpnagement of product lines that consist of only hardware systems but it has not heen explicitly
createfl to support such hardware preduct lines. This International Standard is not intgnded to help
the engineering, production, warehousing, logistics, and management of physical items [that, possibly
combined with software, comprise the products. These processes belong to other disciplines (e.g.
mechanics, electronics).

NOTE Annex A provides-fiirther information on products.

This International Standard, including the product line reference model and the terms and definitions,
has bgen produced: 'starting from References [6], [7], and [8] which finally resulted in a broad
consenjsus fromNational Member Bodies at the time of publication. In addition to this background
procegs, structures from ISO/IEC 12207:2008, ISO/IEC/IEEE 15288:2015, ISO/IEC 15940:2006 and
ISO/IEC 14102:2008 have been used as a baseline.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

There are no normative references cited in this document.

1) Second edition to be published.
2) Under development.

© ISO/IEC 2015 - All rights reserved 1
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3 Terms and definitions

For the purpo
31

ses of this document, the following terms and definitions apply.

application architecture
architecture including the architectural structure and rules (e.g. common rules and constraints) that

constrainsas

pecific member product within a product line

Note 1 to entry: The application architecture captures the high-level design of a specific member product of a
product line. An application architecture of the member products included in the product line reuses (possibly
with modifications) the common parts and binds variable parts of the domain architecture. In most cases, an

application arc

3.2
application
outputofas
in other lifec
a product ma

sset

ecific application engineering process (e.g. application realization) thataay be ex
cle processes of application engineering and may be adapted as a doniain asset ba
agement decision

: Application asset encompasses requirements, an architectural design, components, and t

ploited
sed on

ests. In

contrast to donpain assets that need to support the mass-customization of multiple-applications within the product

line, most appl
users may be e
run time). App

serves the purposes of the particular application, for which the applicatien asset has been created. As a res

scope of applic

Note 2 to entryj

Physical prodycts (e.g. mechanical parts, electronic compohents, harnesses, optic lenses) are stor

managed accot
cycles; ISO/IEQ

3.3
application d
process of ap
architecture i

3.4

application gngineering

life cycle conj
product line :
architecture ¢

Note 1 to entn
without the sty

cation assets do not contain variability. However, applications nray possess variability (e|
habled to mass-customize the applications they are using by binding application variability
ication Assets may thus possess variability as well, but the #ariability of an application ass

ition asset variability is typically much narrower thansthe scope of domain asset variability
: Application assets are not physical products available off-the-shelf and ready for commiss

ding to the best practices of their respective-disciplines. Application assets have their o
IEEE 15288 may be used to manage a life cycle.

esign
blication engineering wherea Single application architecture conforming to the d
s derived

isting of a set pf'processes in which the application assets and member productg
ire implemented and managed by reusing domain assets in conformance to the d
nd by binding the variability of the platform

y: Application engineering in the traditional sense means the development of single pi
ategic reuse of domain assets and without explicit variability modeling and binding.

g. end-
during
et only
ult, the

ioning.
bd and
wn life

omain

of the
omain

oducts

3.5

application realization
process of application engineering that develops application assets, some of which may be derived from
domain assets, and member products based on the application architecture and the sets of application
assets and domain assets

3.6
asset base

reusable assets produced from both domain and application engineering

© ISO/IEC 2015 - All rights reserved
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3.7
asset scoping
process of identifying the potential domain assets and estimating the returns of investments in the assets

Note 1 to entry: Information produced during asset scoping, together with the information produced by product
scoping and domain scoping, can be used to determine whether to introduce a product line into an organization.
Asset scoping takes place after domain scoping.

3.8

binding

task to make a decision on relevant variants, which will be application assets, from domain assets using
the domain variability model and from application assets using the application variability model

Note 1
domair

Lo entry: Performing the binding is a task to apply the binding definition to generate newa
and application assets using the domain and application variability models.

bplication from

3.9
commponality

set of [functional and non-functional characteristics that is shared by all‘applications
the prpduct line

belonging to

3.10
domai
refer
prod

n architecture
nce architecture
tline architecture

core a
the arg
produ

Note 1

chitecture that captures the high-level design of a-software and systems product
hitectural structure and texture (e.g. common rules and constraints) that constrai
'ts within a software and systems product line

to entry: Application architectures of the member products included in the product line

with nhodifications) the common parts and bind" variable parts of the domain architectu

archite

3.11
domai

ctures of the member products may (butido not need to) provide variability.

n asset

core ajsset

outpuf
applic

Note 1
domair

Note 2
system

of domain engineering-life cycle processes and can be reused in producing pr
htion engineering

o entry: Domain assets may include domain features, domain models, domain requirements
architectures, domain components, domain test cases, domain process descriptions, and

Fo entry: InSystems engineering, domain assets may be subsystems or components to be re
designs(Dopmain assets are considered through their original requirements and technical

Domain assets-include but are not limited to use cases, logical principles, environmental behay

risks o

" opportunities learnt from previous projects. Domain assets are not physical products ay

shelf apd\ready for commissioning. Physical products (e.g. mechanical parts, electronic compong

line including
s all member

reuse (possibly
e. Application

ducts during

specifications,
ther assets.

used in further
haracteristics.
ioral data, and
ailable off-the-
nts, harnesses,

optic lenses] are stored and managed according to the best practices of thelr respective discl
assets have their own life cycles. ISO/IEC/IEEE 15288 may be used to manage a life cycle.

3.12

domain engineering

plines. Domain

life cycle consisting of a set of processes for specifying and managing the commonality and variability
of a product line

Note 1 to entry: Domain assets are developed and managed in domain engineering processes and are reused in
application engineering processes.

Note 2 to entry: Depending on the type of the domain asset, that is, a system domain asset or a software domain
asset, the engineering processes to be used may be determined by the relevant discipline.

© ISO/IEC 2015 - All rights reserved
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Note 3 to entry: IEEE 1517-2010, Clause 3 defines domain engineering as a reuse-based approach to defining the
scope (i.e., domain definition), specifying the structure (i.e., domain architecture), and building the assets (e.g.
requirements, designs, software code, documentation) for a class of systems, subsystems, or member products.

3.13

domain scoping
subprocess for identifying and bounding the functional domains that are important to an envisioned
product line and provide sufficient reuse potential to justify the product line creation

3.14

feature

abstract functional characteristic of a system of interest that end-users and other stakeholders can
understand

Note 1 to entry: In systems engineering, features are syntheses of the needs of stakeholders. These(featutes will
be used, amongst others, to build the technical requirement baselines.

3.15

member profuct

application

product belonjging to the product line

3.16

product line

product family

set of products and/or services sharing explicitly defined and maftiaged common and variable fgatures
and relying o1} the same domain architecture to meet the comniptvand variable needs of specific markets
3.17

product line prchitecture

synonym of dpmain architecture

3.18

product line platform

product line architecture, a configuration management plan, and domain assets enabling appljcation
engineering tp effectively reuse and produce a set of derivative products

Note 1 to entry]: Platforms have their ownife cycles. ISO/IEC/IEEE 15288 may be used to manage a life cyjcle.
3.19

product line reference mode]

abstract reprfesentation «ofithe domain and application engineering life cycle processes, th¢ roles
and relationships of thé/processes, and the assets produced, managed, and used during prodyct line
engineering and management

3.20

product line sceping

process for defining the member products that will be produced within a product line and the major
common and variable features among the products, analyzes the products from an economic point
of view, and controls and schedules the development, production, and marketing of the product line
and its products

Note 1 to entry: Product management is primarily responsible for product line scoping.

3.21

product scoping

subprocess of product line scoping that determines the product roadmap, that is (1) the targeted
markets; (2) the product categories that the product line organization should be developing, producing,
marketing, and selling; (3) the common and variable features that the products should provide in
order to reach the long and short term business objectives of the product line organization, and (4) the
schedule for introducing products to markets

© ISO/IEC 2015 - All rights reserved
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3.23
variability
characteristics that may differ among members of the product line

Note 1 to entry: The differences between members may be captured from multiple viewpoints such as
functionality, quality attributes, environments in which the members are used, users, constraints, and internal
mechanisms that realize functionality and quality attributes.

Note 2 to entry: It is important to distinguish between the concepts of system and software variability and
product line variability. Any system partially or fully composed of software can be considered to possess
software variability because software systems are inherently malleable, extendable, or configurable for specific
use contexts. Product line variability is concerned with the variability that is explicitly defined by product

manag

3.24

varial
constr
two vg

3.25
varial]

ement This International Standard is primqrilv concerned with prndnr‘f line variability

ility constraint
pint relationships between a variant and a variation point, between twe'variants
riation points

ility dependency

relatignship between a variation point and a set of variants, which\inidicates that the v

implie

Note 1
that th
the ma

5 a decision about the variants

Lo entry: Two kinds of variability dependencies are possibler{(it) the optional variability dep
e variant optionally dependent on a variation point can béa part of a member product of a p
hdatory variability dependency defines that a variantdependent on a variation point must

a memlber product if the variation point is selected for the mémber product.

3.26
varial]
manag

Note 1
in the
betwesd
manag
(e.g. re¢
for ma
an assq
dimenf{

3.27
varial]

ility management
erial tasks relate to variability and hastwo dimensions: variability dimension and as

to entry: Variability management in.the variability dimension consists of tasks for overse
level of the entire product line, creating and maintaining variability models, ensurin
n variability models, managing all variability and constraint dependencies across the pr
ng the traceability links between a variability model and associated domain and app
quirements models, designymodels). Variability management in the asset dimension co

t a particular variability occurs and which alternative shapes the asset can take in thg
ions are complemeéntary in nature, that is, both are needed for successful variability mana

ility model

explicit definition for product line variability

Note 1

toéntry: It introduces variation points, types of variation for the variation points, variant

variati

and between

hriation point

endency states
roduct line; (2)
be selected for

set dimension

ping variability
b consistencies
oduct line, and
lication assets

nsists of tasks

haging the impacts of variability within each domain and application asset, that is, in which location of

t location. The
pement.

offered by the

npoints, variability dependencies, and variability constraints. Variability models may b

p orthogonal to

or integrated in other models such as requirements or design models. There are two types of variability models:
application variability models and domain variability models.

3.28

variant
one alternative that may be used to realize particular variation points

Note 1 to entry: One or more variants must correspond to each variation point. Each variant has to be associated
with one or more variation points. Selection and binding of variants for a specific product determine the
characteristics of the particular variability for the product.

©150/1
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3.29

variation point

representation corresponding to particular variable characteristics of products, domain assets, and
application assets in the context of a product line

Note 1 to entry: Variation points show what of the product line varies. Each variation point should have at
least one variant.

4 From single-system engineering and management toward product line
engineering and management

Single-systenmmiopmg
software and|systems products. This Clause first outlines some of the main challenges softwalre and
systems product companies face in using single-system engineering and management approaghes. It
identifies varjability management as the most challenging area. Variability management'is disfussed
in 4.1. The clause concludes by explaining major differences between single-system'engineeripg and
management pnd product line engineering and management. Understanding thesédifferences if a key
for successful organizational transitioning from single-system engineering and management foward
product line gngineering and management.

4.1 Challenges product companies face in the use of single-systém engineering ang
managemernt

The excessive use of single-system engineering and manageément in environments whefe the
assumptions po longer hold contributes to a variety of issués €ncountered by customers, endfusers,
and providerp. For example, customers may feel their needs are unique and acquire and dustain
expensive tailored systems while commoditized, inexpernisive products might be completely ad¢quate.
End-users maly experience that the functionality they.really need is difficult to find and/or use because
the software pystems are too complex and provide too much functionality. Finally, a provider nfay sell
several interrglated products, which look and feebcompletely different and do not interoperate, ¢ven to
the same custiomers.

Providers of single products typically encounter at least some of the following issues when using
single-systen] engineering: work effortsiand costs are underestimated, productivity is overestimated,
must-have fedtures are missing, product schedules and/or quality goals are not met, and/or cugtomer
satisfaction remains lower thantexpected. Work efforts may be underestimated and produlctivity
overestimategl because the organization has never before created a similar product or if it hps, the
organizationgl unit who created the similar product may not want to share its experiences and other
possibly reuspble assets.due to rivalry between organizational units. Inaccurate estimates together
with typically fixed budgets result in schedule fluctuations, missing features, and/or quality fssues.
1 from
hts.

: g aded by
the providers of single products In thls context, the Varlablhty needs typlcally emerge over time
from interactions with various customers. Providers commonly use one or more seemingly simple
but ineffective tactics to deal with emerging variability. For example, a provider may incorporate
variability into a single product by introducing more and more (partly end-user-visible) parameters in
the product and more and more if-then-else-statements in the source code text of the product to deal
with the parameters during run time. As a result, the number of source code lines grows, the source
code becomes increasingly complex to understand and maintain, and the testability (and often also
the performance) of the software deteriorates. Alternatively, a provider with an existing product may
deal with the variable requirements of a new customer by branching a new product from the existing
product, modifying the source code of the new product, merging the modified source code back to the
main line when there is time and other resources available, and finally deleting the branch. Branching
and merging is very expensive and error prone and the source code of the main line will typically become
very complex after a few branches and merges, requiring expensive periodical refactoring to utilize
the tactic on a long term basis. In the worst case, the provider may end up with many partially cloned

6 © ISO/IEC 2015 - All rights reserved
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products and no main line of source code to maintain. Such ineffective tactics for managing variability
also make the jobs of software developers tedious and are likely to increase employee turnover.

In sum, product companies utilizing single-system engineering and management approaches may end
up with highly complex and low-quality products, low productivity, high employee turnover, and less
than expected customer satisfaction.

Product line engineering and management is a possible way of dealing with such problems. However, it
is no panacea. If it is understood and implemented poorly, significant investments may result without
the materialization of expected benefits. Therefore, the following clauses of this International Standard
outline what product line engineering and management is and how providers can leverage it to establish
and manage variability; reduce costs and product complexity; increase productivity and product
quality through strategic, prescribed creation and use of domain assets; shorten time tp market; and
increape customer satisfaction through mass-customization of products and more acturgte estimation
of sch¢dules and costs.

4.2 Variability management

In single-system engineering and management, reuse of knowledge is important. Howeve
engingering and management fundamentally differs from single-systémengineering and
Produ¢t line engineering and management has to take explicitly ‘into account mulf
and the variations within and between them. Some variability’heeds can still emerge
unexpegcted offerings of competitors) because perfect upfrontpltanning of variability is i
most viariability needs should be based on the careful analysis-of target markets, availablg
offerings of competitors, and other factors. Distinction between common and variable par
of the product line affects product line engineering ané/management in many ways. Some
provided next.

De
m

veloping the domain architecture: Commion and variable parts of products in th
st be clearly distinguished in the domdin architecture of the product line.

Erfsuring traceability: Variability within and between members of the product ling
various domain and application assets, including variability models. Domain and app
mpistbe traced, respectively, throughout the domain and application engineering life c
appplication assets may reuse{ldomain assets as they are or after modifications, app
mpist also be bidirectionally traceable to domain assets. As a result, traceability is
acposs the domain and.application engineering life cycles.

Variabjlity is thus a key'differentiator between single-system engineering and managemer
line emgineering and“management. Variability must be defined, modeled, implementg
verifigd and valjdated. It must also be traced within and across domain and applicatio
life cy¢les. Thediscipline for managing variability is called variability management. Thg
concepts ofsproduct line engineering and management, discussed in 4.3, are strong
variabjlipy\management.

I, product line
management.
iple products
[e.g. based on
mpossible but
technologies,
[s of members
examples are

p product line

is located in
ication assets
ycles. Because
ication assets
Iso necessary

tand product
bd, versioned,
N engineering
most central
ly related to

4.3 Key differentiators between single-system engineering and management and

product line engineering and management

The identification and analysis of key differentiators between single-system engineering and
management and product line engineering and management will help organizations to understand the
product line reference model (5.2) and to formulate a strategy for successful implementation of product
line engineering and management. Product line organizations should thus design their structures and
processes to address these differentiators.

— Application engineering: A process life cycle in which application assets and member products of a
productline are implemented and managed by reusing domain assets in conformance to the domain
architecture and by binding the variability of the product line. Thus, the existence of two life cycle
processes, that is, domain engineering and application engineering, distinguishes product line
engineering from single-system engineering.
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Binding: A decision making task that distinguishes product line engineering from single-system
engineering. It resolves a variety of optional or alternative behaviors provided by domain assets
and application assets and represented by variability models to create application assets or member
products. Binding should be considered during domain engineering at a time when the variants
are introduced, as well as during and after application engineering at the time when the variants
are bound. Static binding of variability during application engineering takes place before run time.
Dynamic binding of variability can be used during run time. It enables a system (1) to self-adapt its
behavior based on pre-specified rules and (2) to be adapted by its users (e.g. when they decide to
bind additional variants to use enhanced features).

Collaboration: Because there are two parallel life cycles in product line engineering, people
responsible for domain engineering processes need to collaborate within domain engineering and
also with|people in related application engineering processes.

Configurgtion management: Configurations of a product line are multidimensionahin' time and
space. Application and domain assets, platform releases, and member products hayewversiong. Each
of these yersions has a configuration. Versions of member products depend on@sset versions and
platform release versions. Platform release versions depend on domain asset yérsions. For expmple,
changes ih domain assets may impact numerous member products. Each member product capn exist
in multiple configurations at any given time. The possible configurations’of a member product
can change over time. The dimensions need to be managed. While cenfiguration managernent is
necessary for all systems incorporating software, it is thus of paramount importance to product
line engineering and management.

Domain drchitecture: It captures the high-level design of a_product line, including the varijability
defined bly domain engineering. It is used as a blueprint fer'designing the architecture and texture
of all pr¢duct line members. The need for domain -architectures (or reference architegtures)
distinguighes product line engineering from single-system engineering.

Domain gsset: The existence of domain assets iti.software and systems product lines is apother
differentifator between product line engineering and single-system engineering.

Domain ehgineering: It defines, realizes, verifies and validates the domain assets. Domain varjfability
model of the product line is structured*throughout this process life cycle. It distinguishes product
line engirjeering from single-system engineering. For each relevant process within the life cy¢le, the
required pubprocesses, roles, andprocedures should be described.

Enabling [ technology support: Technologies needed to enable product line engineerirlg and
managenjent should be available for the successful product line implementation. Knoyledge
managenijent infrastructure is especially crucial because software product line engineering and
managenjent is more-knowledge intensive than single-system engineering. For example, product
lines typjcally conSist of more assets, more different types of assets, and more dependencies
between pssets than individual systems. Managing knowledge about valid asset configuratiions is
thus more challenging in product line engineering than in single-system engineering.

Measurementandtra ,-: he measurementinvolvedinpnrad ----:----:_--n_-_:
is multidimensional. Data collection, measures, and tracking need to supportthe domain engineering
and applicationengineeringlife cycles,as well as organizational and technical managementofproduct
lines, in a balanced way. For example, inadequate or biased measurement of the organizational units
responsible for application engineering and domain engineering is likely to lead to disputes and
misallocations of funding and other resources between the organizational units. Such disputes may
deteriorate the funding of domain engineering because most, if not all, organizational revenue is
typically obtained from the sales of member products and related services, not from the sales of
domain assets. The lack of a fair funding model and supporting measurement and tracking systems
may hamper or even destroy the organizational implementation and institutionalization of product
line engineering and management.

Platform: Product line engineering is platform-based. Mass-customization of products is practically
impossible without effective platforms. Platforms thus distinguish product line engineering from
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single-system engineering and are of strategic importance for product line organizations. The
introduction and elimination of entire platforms influence product line organizations significantly.

Product management: It is responsible for the economic and business concerns of product line
engineering and management and the resulting product line(s). It deals particularly with the market
strategy and the competitive strategy. Product lines must evolve continuously in accordance with
new innovative products and application assets that products within the product line can leverage,
market changes, and new offerings from competitors. Good practices for product line engineering
and management include evolving a product line in iterative cycles, establishing clear objectives
for each cycle, and reviewing performance after completing each cycle. Product management is
responsible for these practices and for making appropriate adjustments to the product portfolio

and the platform investments based on the review results. Product managementis needed in single-
sftem engineering and management but it plays a more vital and powerful role i product line
erfgineering and management.

Rdusability: The reusability of domain assets is one of the critical success factors of product lines.
Rdusability requires strategic long-term focus on key domains, so investmenits in developing domain
aspets are feasible, and sound technological and managerial capabiljti€s throughoyt the product
lirle engineering and management processes.

Tejxture: Architectural texture contains common rules and constraints (e.g. common|architectural
styles or design patterns for specific solutions, common glues facilitating the c¢mposition of
arghitectural components) for the design and realization, of. all member products and domain and
application assets in the product line. While texture is important in single-system gngineering, it
hds a key role in product line engineering because théttexture of the domain architefture governs
the architectures of numerous member productsAge:g. to ensure the common look gnd feel of the

ceability: Product line engineering and management is typically more knowledge-intensive than
gle-system engineering and managemeit: Product line organizations need to manage knowledge

For example,

riability models may be bidirectienally associated with domain and applicatign assets and

ddmain assets may be bidirectionally associated with application assets. Product line prganizations

so covers the

nce that the
e verification
performs the

ber product)
Ifproduct line

riability: The product line variability defined by product management and erabled by the
oduct line platform allows flexible and effective mass-customization of member prpducts within
a produ trre;—distinguishing i i vey= single-system
engineering and management.

Reference model for product line engineering and management

This Clause defines a reference model that forms the basis for designing and executing product line
engineering processes and enabling capabilities of methods and tools. The product line reference model
defines, at a high level, the fundamental elements of product line engineering and management and
their relationships.

5.1 General

The product line reference model addresses both engineering and management processes and covers
the key characteristics of product line engineering and management.
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The product line reference model provides an overview of the consecutive International Standards (i.e.,
ISO/IEC 26551 to ISO/IEC 26556), as well as the structure of the model.

— Processes and capabilities of methods and tools for product line scoping, domain requirements
engineering, and application requirements engineering are described by ISO/IEC 26551.

— Processes and capabilities of methods and tools for domain design and application design are
described by ISO/IEC 26552.

— Processes and capabilities of methods and tools for domain realization and application realization
are described by ISO/IEC 26553.

— Processes—and—capabilities—ofmethods—and—toolsfor - domain—verification—and—wvalidatign and

applicatiqn verification and validation are described by ISO/IEC 26554.

— Processe$ and capabilities of methods and tools for technical management are ‘descrilbed by
ISO/IEC 26555.

— Processe§ and capabilities of methods and tools for organizational management are descriped by
ISO/IEC 26555.

5.2 Produ¢tline reference model

Software and systems product line (SSPL) engineering and management shall consist of domain
engineering gnd application engineering life cycles and organizational management and te¢hnical
management process groups (Figure 1). They should be loosely coupled. The domain and appljcation
engineering life cycles need to be synchronized and applicable to different life cycle models as the life
cycles are performed in a variety of organizational and techhieal environments to meet different guality
criteria and tp achieve different organizational objectives.”Organizational and technical management
process groups are necessary to help organizations tecestablish and improve capabilities for nuijturing
their productllines from conception to retirement and for establishing and managing relationshigs with
customers, prjoviders, and other key stakeholders:
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Figure 1 — Reference model for SSPL engineering and management

b

The two distinct engineering life cycles @@the two process groups of Figure 1 are coppatible with
the prpcess groups of ISO/IEC 12207 aﬂd ISO/IEC/IEEE 15288. The existence of two erjgineering life
cycles|is one of the major differenb@ of product line engineering and management ih comparison
with s]ngle-system engineering . management. Therefore, the processes of the two life cycles make
this diffference explicit. Assetg?e stores both domain assets and application assets. It|separates the
two emgineering life cycles a oordinates and synchronizes the processes within ahd across the
life cyfles. The technicalaianagement process group is in line with the project procesges group, the
softwdre support pro s group, and parts of the software reuse processes group of I$0/IEC 12207.
The organizational § gement process group is in line with organizational project-enabling processes

group pnd the a lent processes group of ISO/IEC 12207 and ISO/IEC/IEEE 15288.

NOTE i Qoduct line reference model is not suitable for handling physical artifacts such as electronic
boards| mechanical parts, or human operators. It is concerned with system and software level artifacts such as
requirgme documents architectural data, validation plans, and behavioral models It can b¢ applied twice

of the product lme f1rst and the software artlfacts of the product line second. Moreover the productline reference
model is recursive within and across the different levels of software and systems engineering.

NOTE 2  The productline reference model and the International Standard as a whole do not prescribe the use of
any particular software and systems engineering methodologies. Organizations can decide which methodologies
to use for domain engineering and application engineering. Some organizations may use the same methodology
for both domain and application engineering whereas others may choose to mix and match diverse (e.g. Domain
Specific Modeling, Agile, and Lean) methodologies. The chosen methodologies should facilitate the strategic
creation, reuse, and configuration of not only domain realization assets but also all other domain assets such as
requirements, design, and test assets.
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6 Two life cycles and two process groups for product line engineering and
management

In accordance with the reference model for SSPL engineering and management (Figure 1), this
International Standard focuses on the domain engineering and application engineering life cycles and the
organizational management and technical management process groups. They are explained in this clause.

6.1 Domain engineering life cycle

Domain engineering identifies the key commonality and variability, sets up a common product line
platform implementing the commonality and variability, and manages the platform throughout the life
cycle of the pr oduct e Theumder Iyiug dcvclupmclu 111cL11Udulugy mustthusemabtethetom p-term
development jand maintenance of even large and complex platforms. Methods and tools fpr_gomain
engineering facilitate the processes described in 6.1.1 to 6.1.5.

6.1.1 Prodyctline scoping

Product line 4coping defines the member products of a product line and the major (externally visible)
common and pariable features of the member products, analyzes the products‘from an economif point
of view, and cpntrols and schedules the development, production, and marketirig of the product line and
its products. Product management is primarily responsible for this process, consisting of threg roles.
This process has the following roles:

— Product stoping determines the product roadmap, that is (1) £he targeted markets; (2) the product
categorief that the product line organization should deyvélop, produce, market, and sell; (3) the
common fand variable features that the products should‘provide in order to reach the long and
short termn business objectives of the product line orgaiization, and (4) the schedule for introducing
productsto markets.

— Domain s¢oping identifies the functional domains that are important to the envisioned prodyct line
and prov]de sufficient reuse potential to justify the creation of the product line. Domain sfcoping
builds onfthe definitions of the product categories produced by product scoping.

— Asset scoping identifies potentially réusable assets; estimates the costs and benefits fromn each
domain asset; and delivers these 'esults as asset proposals for product line managers who |decide
which domain assets will be implemented. The existing assets that will be adapted into domain
assets ar¢ documented in a list.of assets.

NOTE Profluct line scoping is"an organizational product line planning and management process. It could
be placed in thee organizatiorial -management process group (6.3). In this International Standard, it is pr¢sented
as a domain erjgineering process because it strategically directs the execution of both domain and application
engineering lifg cycles.

6.1.2 Domainrequirements engineering

Domain requirements engineering uses the outcomes of product line scoping (e.g. the product roadmap,
the specification of the product line’s high-level features, and the documentation of existing assets) as
the starting points for determining the common and variable requirements of the member products of
the product line. It produces a requirements specification and the associated domain variability model
and provides feedback, if necessary, to the product management about the changes required in the
outcomes of product line scoping.

Common and variable requirements are elicited, analyzed, specified, verified and validated for the
later domain engineering lifecycle processes, that is, domain design, realization, and verification and
validation. This process has the following roles:

— Domainrequirements elicitation determines and involves appropriate domain stakeholders, performs
the requirements elicitation activities of single-system engineering, and captures the scope and
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variations anticipated over the foreseeable lifetime of the product line explicitly through the use of
appropriate techniques.

Domain requirements analysis draws upon the defined product line scope and other relevant
artifacts to perform the requirements analysis activities of single-system engineering and to find
commonalities and identify variations. It may also clarify to application engineers and their clients,
how a particular member product might achieve economic viability if it were able to use more
common and fewer unique requirements. A domain variability model is also structured.

Domain requirements specification documents the analysed product line requirements from which

application requirements specification can select or adapt during application engineering.
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Domain architecture verification and validation review the domain architecture and assures whether
the domain architecture supports the functional and non-functional domain requirements. It
involves checking the architectural texture, including the component framework, and assures that
commonality and variability in domain requirements are covered by the domain architecture and
that the new (mostly internal, market-invisible) variability introduced during domain design is
feasible. It includes architectural evaluation for assessing design decisions from the viewpoint of
quality attributes.

Domain architecture management maintains and manages the domain architecture and the
associated domain assets throughout the life cycle of a product line. The major tasks for managing
the domain architecture can be divided into three groups: configuration management, change
management, and traceability management. Configuration management is critical because the
domain architecture is bound into numerous configurations during application engineering
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6.1.4 Domain realization

engagements. These configurations must be verified and validated, as incorrect configurations can
cause problems or even product failures later on. When configuration management is set up, it has
to consider the variability model from the very beginning. Otherwise configuration management
becomes too complex later on. In sum, all configuration management needs must be handled by
a single configuration management process. This process is a support process in the technical
management process group (6.4.4). Change management has to be carefully orchestrated because
the domain architecture must have a long life span and be responsive to long-term evolutions
of markets and technologies while remaining as immune as possible to changes in the market
conditions of individual members of the product line and to progressions of component-level
technologies. Traceability links between domain requirements assets and the domain architecture,
between domain realization assets and the domain architecture, between domain verification
and validation-assets and the domain arrhifnrhlrn’ and between the domain architecture and the
applicatign architectures derived from it should be maintained at a comprehensible level o fenable
change mfanagement and configuration management.

Domain realization deals with the detailed design and implementation of commohand variable domain
assets. It invdlves the building and buying of components and supporting infrastructure. The planned
variability must be realized with adequate implementation mechanisms and‘he core componerjts and
interfaces haye to be verified and validated based on the domain architécture and texture. Qomain
realization ddals with five major issues: interface realization; identification, evaluation, selectign, and
integration of commercial off-the-shelf (COTS) components; compenent realization; the verifjcation

and validation of domain realization assets; and domain realizatign management.

14

Identification, evaluation, selection, and integration of commercial off-the-shelf (COTS) comppnents.
COTSconjponents (including open source components) caitdramatically speed up domainrealifgation,
lower thg costs, and improve the quality of the platform as a whole. Appropriate comppnents
must be |dentified and evaluated. In the productiline engineering context, especially imgortant
evaluatioh criteria are how well a COTS componernt meets the known variability requirements and
how easyl|it is to add new variability when ne€essary. If suitable COTS components cannot bg found
and/or bpught, new components must be realized. Decision management (6.4.4) in the te¢hnical
managenjent process group supports COFS component-related decision making.

Interface fealization includes the intérnal design and coding of the interfaces of common and variable
componehts to ensure the interfaees expose appropriate information related to commonalijty and
variabilitly. The level of interfacé details for the provided components and required comppnents
should b reviewed.

Component realization’Components are the units used to compose whole member produlcts, as
described by the demain architecture. Program coding is done based on the texture of the domain
architectfire and the design of the component and its interfaces. In addition, component real{zation
includes gssets stch as configuration mechanisms that help application developers to seldct and
bind varignts and build member products with the domain components and interfaces.

The verification and validation of domain realization assets detect failures in domain components
and interfaces that affect all member products dependent on the domain assets. Failures should
be prevented by ensuring the quality of domain realization assets. This role reviews whether the
implemented components and interfaces conform to the domain architecture, whether they obey the
architectural texture and the configuration mechanisms of the component framework, and whether
the programming style is compliant with applicable industry practices or standards chosen for the
product line. It should be noted that the domain verification and validation processes (discussed in
6.1.5) are partly responsible for this role. The role is discussed here to emphasize its critical nature
for product line realization and the responsibility of the domain realization experts to verify and
validate the assets they have realized.

Domain realization management systematically controls the changes and maintains the integrity
and traceability of the components and interfaces throughout the software product line life cycle.
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Configuration management is especially complicated and important here, because multiple versions
and variants of components are used.

The difference between domain realization and the realization of a single system is that the reusable
components of domain realization are loosely coupled and configurable, and do not constitute an
executable, testable artifact. In addition, domain realization includes configuration mechanisms to
realize the variability.

6.1.5 Domain verification and validation

Domain verification and validation ensure the right domain assets have been modeled, specified,
designed, built, verified, and tested in the right way as prescribed in previous domain lifecycle
procegses. They also generate domain verification and validation assets that can be reuséd|in application
verificption and validation. Domain verification and validation is partial because-thefe is typically
no single executable member product comprehensively covering the domain to betestied. Moreover,
many yariants are typically missing because it may be feasible to create theny only when one or more
member products actually need them. Appropriate strategies are thus necessary to tesf the common
domaih assets and at least the most important variable domain assets during domain verification and
validation and to prepare domain verification and validation assets for feuse in applicatign verification

and vallidation.

Since perification and validation activities inherent in domain,requirements enginegring, domain
design and domain realization have already been addressed in 6.1.2 to 6.1.4, only the following issues

are inqluded in the following:

Dqmain test planning documents the scope, strategy; resources, and schedule of domajn verification
arld validation activities. A domain test plan<should include detailed domain verification and
validation requirements, the domain verificatienand validation strategy chosen to dea] with product
lirle variability, test activities, and test compleétion criteria. The verification and validation schedule
drlaws upon the product roadmap determining the schedule when the product ling applications
hgve to be ready for market launch.

Dqmain test design specifies domain test procedures, test cases, test data, and test gnvironments
considering variability involved in domain assets. It draws upon various domain agsets obtained
from other domain engineering processes to construct appropriate domain verification and
validation assets. The tasksof selecting and constructing domain verification and vallidation assets
are conducted throughout the domain engineering life cycle. Depending on the kind| of variability
inyolved with each doniain asset, more or less testing can be done on the domain asset and less
or more on related-application assets. Domain test design determines what is tested where and
copnstructs domaimnverification and validation assets accordingly.

Dqmain test-éxecution applies the constructed verification and validation assets to the test objects
s:Eh as eomtponents, subsystems (e.g. groups of components), and the realized product line platform

acpording to the domain verification and validation strategy. During and after the execution,
verification and validation results are created, documenting the applied test cases gnd scenarios,
the objects under test, and the expected and actual verification and validation results in a repeatable
and verifiable way. If sample applications have been built during domain verification and validation,
only the common domain verification and validation assets and the variable domain verification
and validation assets relevant to the sample applications are executed. Concrete domain test cases
are typically available only for those items. Variability of the product line that is not present in any
of the sample applications cannot be verified and validated during domain engineering.

Domain test closure and report. After verification and validation have been completed, the results
are analysed to discover defects in domain assets and their root causes. Finally, a domain test
summary report is created to document which domain assets have been tested, which verification
and validation assets have been used, and which results have been achieved. The tests not covered
by domain test execution are the responsibility of application verification and validation. Test
cases performed in domain verification and validation typically have to be repeated in application
verification and validation.
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— Domain test management keeps track of domain verification and validation assets, such as defects
and the change history of the assets.

6.2 Application engineering life cycle

Application engineering develops application assets and individual systems on top of a platform.
Application engineering is effective and efficient in comparison to single-system engineering because,
depending on the scope and maturity of the platform, much or even most of the product line engineering
effort and complexity have been allocated to domain engineering, reducing application complexity and
shortening application development times. Application engineering typically involves customers and
thus needs to deal with evolving market needs.

6.2.1 Aplecation requirements engineering

Application rpquirements engineering develops application-specific requirements reusing cdgmmon
and variable fequirements defined during domain requirements engineering. It also ©as’an important
role in providjing insights and feedback to domain requirements engineering in ordert-to guide plptform
development gspecially in the early phases of the product line creation.

— Applicatiqn requirements elicitation identifies stakeholders relevant to thé member product)elicits
initial requirements from the application stakeholders, uses the variation points and varignts to
communifcate to the stakeholders, lets the stakeholders select theZvariants that best meet their
needs, and binds the appropriate domain requirements of the prgduct line based on the sele¢tions.

— Applicatiqn requirements analysis first ensures that all initial requirements of the appljcation
stakeholders are understood and scrutinized for incortéctness, omissions, and inconsisf{encies
through pbstracting, modelling, prototyping, simulation, and other means. Stakeholder|needs
that cannjot be fulfilled by the reuse of domain requirements, that is, the gap between domdin and
applicatign requirements, are then analysed and negotiated.

— Applicatign requirements specification documents the analyzed application requirements by pdding
the appligation-specific requirements to the specification of the selected, possibly adaptdd, and
bound domain requirements. Applicationequirements should have well-structured documentation
for the lafer use in subsequent application engineering lifecycle processes and for the incorpgration
into domain assets if necessary.

— Applicatignrequirementsverificationandvalidation confirmthattheapplication-specificrequirgments
are complete, correct, consistent, and unambiguous and that the bound variants are relevant to the
specific groduct requirements. It should be noted that this role is partly the responsibility] of the
applicatign verificatioftiand validation process. It is presented here to emphasize its critical pature
for applidation requirements engineering and the responsibility of the application requir¢ments
engineerg to verifly and validate the application requirements artifacts in collaboration with pjroduct
managenjent aind application verification and validation experts.

— Applicatiqn\réquirements management plans, defines, manages, and coordinates the appljcation
requirements engineering process and baselines the application requirements. It provides
application stakeholders with a formal mechanism for proposing new application requirements and
changes in the baselined application requirements and for assessing the impacts of the proposed
changes. Traceability links must be maintained between application requirements and other assets
including application requirements sources, domain requirements, application architecture, and
application verification and validation assets because changes in the application requirements can
impact the related assets and changes in the other assets can impact the application requirements.

6.2.2 Application design

Application design derives an application architecture from the domain architecture in order to
meet application requirements. Product specific adaptations shall be done to satisfy product specific
requirements. The application architecture should adhere to the structure and texture of the domain
architecture. This process has the following roles:
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— Binding variants of the domain architecture is the responsibility of the application architect to
establish a baseline for the application architecture. Variants for the variation points of the domain
architecture must be bound according to the application variability model and the binding results
from application requirements engineering. Otherwise, the application architecture may lack support
for the features and quality properties application requirements engineers intended the member
product to have.

— Application specific architecture design. The application architecture should be derived from
the domain architecture to maximum possible extent. Otherwise, full benefits from the domain
architecture cannot be reached. For example, the member product may be too different from the other
member products and prove inappropriate for the product line. Yet, application architects typically
have to design new application design assets. Appropriate domain design assets will be incorporated
in the | member product through the binding of the variation points with the selected,vpriants of the
domaih architecture. The application architecture is a combination of the application.des]gn assets and
the bound domain architecture. It is important to note that the new application design |assets can be
generdlized later into domain design assets.

— Application architecture verification and validation ensure the application architecture has
been domposed correctly, complies with architectural rules, and meets-th€ application requirements.
They also check that the variability introduced during application{deésign is feasible, jappropriately
documented in the application variability model, and can be-bound correctly. The application
architg¢cture is also evaluated from the viewpoints of application-specific quality attributes. Domain
verificption and validation should have already ensured throughithe specification, implenpentation, and
executfion of domain verification and validation assets that the appropriate variability ¢f the domain
archit¢cture can be bound correctly. However, applicationVerification and validation need to design and
implerhent new application verification and validationd assets corresponding to the appljcation design
assets|and execute them together with the domain\verification and validation assets [to assure the
integrity and validity of the application architecture/It should be noted that application vqrification and
validation are partly responsible for this role..The role is presented here to emphasize thfat application
architgcts need to take responsibility for applieation architecture verification and validation and work
in collaboration with application testers tesensure the application architecture meets expectations.

— Application architecture manggement manages and maintains the application ardhitecture and
the aspociated application assets. throughout the life cycle of the member product. Feedback from
application architects related to.the domain architecture is also managed here. The mpjor tasks for
managing the application architecture can be divided into three groups: configuration|management,
chang¢ management, and traceability management. Configuration management is impoftant because
the m¢mber products may offer plenty of variability for mass-customization. Each member product
can thus exist in nunferous configurations that must be verified and validated. Changeg management
suppofts and exterids the application life cycle by dealing with changes in the market|conditions of
individual memlbers of the product line and progressions of component-level technologie. Traceability
links hetween(application requirements assets and the application architecture, betwe¢n application
realizqtion-assets and the application architecture, between application verification and validation
assets|andthe application architecture, and between the domain architecture and the application
archite e should be maintained at a comprehensible leve 0 enable change Imanagement,
configuration management, and the provisioning of feedback to product line architects.

6.2.3 Application realization

Application realization implements member products by drawing upon the application requirements
and architecture; reusing and configuring domain components and interfaces; identifying, selecting,
and integrating appropriate commercial off-the-shelf components; and building new components and
interfaces to enable product-specific functionality. It deals with the following roles:

— Binding component-level variability. Internal variation points of domain components are bound.
Interfaces realized in domain realization should be reused without changes. Otherwise, the texture of
the domain architecture is likely to be broken and the strategic reuse of domain assets is hampered.
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— Identification, evaluation, selection, and integration of COTS (including open source) components.
When domain components are inadequate or unavailable for application realization, COTS components
are often a viable option. They can speed up application realization, lower the costs, and improve the
quality of the member products. Compared to application-specific components, COTS components may
also be easier to generalize later on as parts of the platform, if necessary. Appropriate COTS components
must be identified and evaluated. If suitable ones cannot be found and/or bought, new components
must be realized.

— Application specific interface realization includes the internal design and coding of the interfaces
of application-specific components. This should be conducted only when domain realization has not
provided appropriate interfaces for reuse. The level of interface details for the provided components
and required components should be reviewed carefully.

— Appli
when there
requirements

tion specific component realization takes place precisely as in single-system engineering
re no suitable domain assets and COTS components available to meet“appljcation

— The verification and validation of application realization assets review~poth the domain
realization aspets associated with the bound variants and application componentsiand interfaceq to see
(1) whether the bound variants and implemented components and interfaces eonform to the appljcation
architecture and obey the configuration mechanism(s) and architectural texture and (2) whether the
programming style is compliant with applicable industry practices or stahdards chosen for the product
line. It should| be noted that application verification and validation are\partly responsible for thjs role.
The role is pr¢sented here to emphasize that application realization experts need to take responsibility
for the verififation and validation of application realization assets and work in collaboratioh with
application tefsters.

tion realization management defines, scliedules, and coordinates the appljcation
realization prpcess and systematically controls changes-anid maintains the integrity and traceability of
application cdmponents and interfaces throughout the‘application life cycle. Configuration management
is important hecause each member product evolves:throughout its life cycle and retains variability that
different staljeholders such as member producttsers can bind. Each member product can thuls exist
in multiple configurations during its life cycle, For maintenance, it is essential to know the versjons of
all domain components and interfaces used\in the member product. Domain realization may provide
member products with new domain asset versions that significantly refresh the member prpducts
(especially those having relatively (ong life cycles) from technological and/or other viewpoints.
Traceability links must be maintained between application realization assets and other [assets
including the ppplication architeeture, the application variability model, domain realization assefts, and
application vqrification and validation assets.

6.2.4 Application verification and validation

Application vgrification and validation ensure the right member product and the right appljcation
assets have been'modeled, specified, designed, built, verified, and validated right. They validate the
final product pnd‘its architectural and realization assets with respect to the application requirements.
They draw upon domain verification and validation assets and create application verification and
validation assets to ensure sufficient quality of the member products.

Since verification and validation activities inherent in the other processes of the application
engineering lifecycle have already been addressed in 6.2.1 through 6.2.3, this subclause only includes
the following roles:

— Application test planning produces an application test plan, documenting the scope, test
strategy, test completion criteria, resources, and the schedule of application verification and validation
activities. For directly reused domain requirements, the respective portions of domain test plans can
be reused and adapted in the application test plan as necessary. For adapted domain requirements and
new application-specific requirements, test planning has to be done from the scratch and incorporated
in the application test plan.
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Application test design specifies and constructs application test procedures, test cases, test data,
and test environments by reusing and adapting domain verification and validation assets. Common parts
of domain verification and validation assets can be reused as they are. For the verification and validation
assets that contain variability, the variation points must be bound based on the application variability
model and the inputs from application requirements engineering, application design, application
realization, and domain verification and validation. For application-specific parts, new assets have to be
constructed. The effort required for generating application verification and validation assets depends
on the size and scope of the member product, as well as the extent to which domain assets have been
reused during application engineering. If a member product derives most features from the product line
platform and the respective domain verification and validation assets have been extensively established
for the platform, application verification and validation takes relatively little effort.

Application test execution applies the application verification and validation assltts to various
test obpjects such as components, subsystems, and the member product according-to.the application
verificption and validation strategy. In addition to verifying and validating the” cofrectness and

compl
textur
produ
results

bteness of the member product, the conformance of the member produch to the

't have to be verified and validated. The expected and the actualyVerification 4
are documented together with the executed application verification"and validatio

Application test closure and reporting. When the above-mentiened roles of applicati

architectural

e has to be assessed. The binding of variability and the configurationrrealized im the member

nd validation
N assets.

n verification

and vdlidation have been completed, the results are analyzed te:discover defects in application assets
and thleir root causes. Finally, a test summary report is created»Tt documents which assets have been
verifigd and validated, which verification and validation assets have been used, and what the results
have been. A domain test summary report is reused in reporting.

assets

Application test management keeps track of defects, application verification and validation
and the change history of application verification and validation assets.

6.3 Qrganizational management process group

Organ
organi
requir

zational management processes\dre necessary for the orchestration of the
zation. Introduction and institutionalization of the product line strategy in an|
s ongoing preparation, planning, execution, and improvement efforts.

product line
organization

6.3.1 | Organizational-level product line planning

Organ
involv
asset

zational-level product line planning pertains to strategic organizational-leve
bs various types)of plans such as product line transition plans, sourcing plans
nvestment plans. One of its most important responsibilities is to make the go/n

planning. It

and domain
0-go decision
iined and the
fduct line such
risks, shorter
rganizational
g the product
line approach Thereafter it should check whether the busmess value targets have been measurably
achieved. If they have not been achieved, the organization must take necessary corrective actions.

regarding the adoption of the product line strategy by analyzing the benefits to be g
effortd and investments required. It should analyze business values expected from a pro
as cosf redustion, productivity improvement, quality improvement, reduced business
t1me tp market and 1ncreased market share Based on the prev1ous 1nformat10n q

In some cases it is impossible to conduct this analysis solely in planning mode. Execution of plans and
improvements based on the results of execution are needed as well. In such cases it is typically useful
to conduct first a short domain engineering process cycle and develop the first product as quickly as
possible to grasp market share and to test whether it makes sense to devise a product line. Then in a
feedback loop the developed application assets (e.g. requirements, designs, and software components)
are generalized, adapted to provide adequate variability, and brought into the platform, leading to
another domain engineering process cycle. Such a strategy should be planned during organizational
business management. Process management should determine how the domain and application
engineering processes will be adapted to leverage the revised platform.

This process has the following roles:
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Business opportunity analysis helps stakeholders to decide (1) whether to initiate a product line
approach and (2) whether to include a particular product as a member of an existing product line. This
includes the cost/benefit estimation and business value analysis. For successful business opportunity
analysis, establishing a collaborative atmosphere among representatives from top management,
marketing, product management, engineering, and the customer relationship management and user
groups is essential. Markets have to be analyzed to make the initial adoption decision and to guide the
evolution of the product line and the introduction of new products into the product line on an ongoing
basis. Business opportunity analysis also needs to determine the magnitude of investments required
to establish and operate the domain asset base, the knowledge management infrastructure, and the
appropriate product line engineering and management processes over the life cycle of the envisioned
product line. Busmess opportumtles exist when the revenues from markets and other sources can be

expected to pge

between des
manager, do
the customer

Custon

er relationship management refers to the exchange of information and other res
gnated representatives of the product line organization (e.g. marketig,“a p|
ain experts, a user group coordinator) and one or more particular intebest grd
(e.g. legal, financial or technical entities, operations, training) who take delivery

product prodificed by the product line organization, introduce the product in the customer organi

and support t
relationship 2
those of the p
business to by
and maintain

Develd
product line g
new domain 4
to manage th
key providers
lifetime, and

source COTS

and set of re;s
communities.
and other thi
be installed a
the sourcing

and technicall
marketing, an

Organ
a product line|
the organizati
target goals tc
transition pla

he product throughout its life cycle in the customer organization(Managing the cu
Iso requires that a product line organization coordinates customer requirement
roduct line and realizes the changes required by the customers.as necessary. Espec
[siness settings product line organizations and their customers should aim at estab
ng mutually beneficial long-term relationships.

ping a sourcing strategy serves to establish an,actionable plan for achieving s
oals and outcomes through contracting for produects and services. Sourcing helps
ssets and incorporate new products in the preduct line. The strategy must include
e providers of COTS components and other third party deliverables. For exampl
should be determined that meet the requirements posed by the expected vari
bvolution of the product line. Contractsswith those providers should be secured. |
fomponents are deemed necessary,an organizational role with a clearly defined p
ponsibilities should be created ta*manage the relationships with relevant open
Finally, the development of the) sourcing strategy involves deciding whether thd
Id parties shall be able to prfovide, sell, and distribute third party applications th
nd used in some or all member products of the product line. If the decision is p
strategy must include ‘a/plan for establishing appropriate organizational, proc
support for the thitd parties (e.g. application engineering tools and quality asst
d online distributign mechanisms).
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roduct
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zation,
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zational transSition planning establishes an organizational capability to populate and

h that-is the main deliverable of the organizational transition planning process.

rture

It plans fgr-the initiation of the product line and specifies schedules and resources guch as
on, people} and the budget needed to establish and manage the product line. It also dlefines
be achieved by adopting a product line approach. All this information is documented in the

Organizational operations planning establishes an operations plan that outlines how particular

organizational units produce domain assets, define the production plans, and use the domain assets
and the production plans to establish products and how the production operations are measured and
monitored. The operations plan is an especially important artifact whenever the competitiveness of
the product line organization is significantly dependent on having lower production costs than the
competitors have. Operations management (6.3.3) details and executes the operations plan.

Organizational product line evolution planning defines how the domain and application
engineering processes will be continuously evolved to leverage the effectiveness and efficiency of the
product line.
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Value management planning provides integrated measurement schemes to improve the
effectiveness of transition plans and operations plans. The target business values defined in the
business opportunities and their goals that should be achieved are planned.

NOTE This paragraph provides an example of smartphone product lines to explain the Developing a sourcing
strategy role. The ability of the manufacturers of smartphone product lines to provide their customers with
large numbers of typically inexpensive but high quality third-party applications such as games that run on the
member products of the smartphone product lines is critical for the success of the product lines. Markets tend
to favor smartphones that offer the widest range of high quality third-party applications. Smartphones are the
member products in this example. Third-party applications cannot typically be considered member products of
the product lines of the smartphone manufacturers. They extend the features available in smartphones but the
product management units of the manufacturers often have limited control over the features. The providers of
third-pg hth 2 nesth he sm es-as platforms. For
example, the success ofa smartphone product 11ne is likely to attract more and more th1rd party dame providers
offering game product lines that support the smartphone product line, positively influencingthg success of the
smartp hone product line. Third-party games are member products of the game product linesin this example.

6.3.2 | Organizational product line-enabling management

Organ
line ar
infrast
initial
necessg
great

zational product line-enabling management plans for the initiation and evolution

ructure needed to establish and manage the product line/Training is a core rol
product line adoption and the long-term evolution of the product line. Product lineg
itate (1) numerous technological and organizational chahges during their life cy
eal of coordination within and across organizational, funhctional, and project bound

pf the product

d designs the organizational processes, the structure of authority and responsibillities, and the

p for both the
will typically
Cles and (2) a
aries because

many ¢rganizational units and external partners are involved.

This process has the following roles:

jonal charter
d application
ent; allocating
al operations;

Structuring the product line organizgtion involves identifying the organizat|
and bundaries; designing work roles and responsibilities concerned with domain ary
engindering and their interactions, organizational management, and technical managem§
and aspigning resources; monitoring organizational effectiveness; improving organization
establishing inter-organizational relationships; and managing organizational transitions

ational units
have properly
ed with other

respor
traine
activit

Training and human resoyrce management helps to ensure that the organiz
sible for creating, operating, and evolving domain assets and member products
l and qualified personnel for each work role. Training activities must be coordinat
ies involved in product line adoption and evolution.

products, and
S.

Organizational-quality management assures that product line platform, member

both domain and-dpplication engineering processes meet organizational quality objectivg

6.3.3 | Organizational product line management

Organjzational-level product line planning initiates the organizational transitioning topvard product
line engineering. During the organizational transitioning, organizational product line management
gradually takes ever larger role to institutionalize product line engineering in the organization. It is
concerned with the systematic evolution of both the product line organization and the product line from
the as-is state toward the desired state. It secures necessary funding and other resources; maintains
the budget and the structure of authority and responsibilities for the product line; defines and
maintains the infrastructure and processes enabling product line engineering and management; and
ensures everyone in the product line organization know their responsibilities and the means available
for carrying out these responsibilities. It monitors and controls the product line; defines and maintains
the production plan and schedule for coordinating platform and asset creation in domain engineering
and product development in application engineering based on the product line strategy, work effort
estimates, the budget, and the ongoing analysis of customer needs and market environments; manages
product configurations; monitors sourcing engagements and revises the sourcing strategy as necessary;
and provides existing customers with support and other services necessary for deploying the products.

© ISO/IEC 2015 - All rights reserved 21


https://iecnorm.com/api/?name=9fa2491e01df2e8d5371ed1ba7f2e6e0

ISO/IEC 26550:2015(E)

This process has the following roles:

Product line evolution management periodically analyzes the status and changing trends of
customer needs, key competitors, technology, and other market environments. Product lines should
be evolved to cope with these changes through evolving product line platform and/or aligning
member products.

Deployment and innovation management facilitate the successful implementation of the product
line approach through effective assessment, improvement, and activation of the product line plans.
Pilot projects may be conducted to evaluate the capability and readiness of a product line organization
before the product line approach is broadly deployed. The organization should verify and validate

whether it can achieve its objectives through the product line strategy:.

Operations management typically designs, measures, and monitors how particular organiz

units producqg and evolve domain assets, define and evolve the production plans, and use‘the ¢
assets and thg production plans to establish products. Operations management follows and ‘€xecul
sourcing strategy to also define which assets and services will be sourced from third parties. The re
operations depigns are important domain assets. The key measures should help opefations manag
and the product line organization as a whole to track the progress and deliverables of product line
and take corr¢ctive actions as necessary to achieve organizational business valuetargets.

Organ
within and a
the organizat
proactively n
case of mater
of communicd
Failures in th

Organ
accomplished
line organizat

izational risk management differs from technical risk maragement as it manage
ross multiple organizational units, functions, and prodacts. Many risks may h
ional implementation of product line engineering and. management. They need
anaged, so they materialize as seldom as possibleland can be dealt with effecti
jialization. For example, product line engineering‘and management requires a gre
tion, coordination, and control across organizational, functional, and project boun
srole are costly.

ization-level monitoring and control »measures the actual progresses and
by introducing and evolving the productline approach. The key measures for the p
ion should be focused on the defined,business values and their measurable goals.

6.4 Technical management process group

Technical ma
assets, and pf
and support 1

6.4.1 Procd

People from d
efforts requir
cross-functiol

hagement is necessary forthe creation and evolution of product line processes, d
oducts. It consists of process management, variability management, asset manag
hanagement.

Ss management

ifferent@oxganizational units work together to engineer and manage product lines
e a great deal of cooperation. Therefore, product line processes should be designe
naland inter-organizational. Designing such processes is challenging because appl

engineering 3

nd*domain engineering produce very different types of deliverables, typically red
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to be
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daries.

results
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1 to be
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different types of development methodologies. For example, member products need to meet market
needs, the time to market often has to be short, and application life cycles are often short. Domain
assets typically have long life cycles, are generic to meet the needs of diverse member products, and
must meet stringent quality requirements.

The strategy described in 6.3.1 places great emphasis on application engineering and testing the first
product in the markets in the beginning and increases the emphasis of domain engineering gradually
when the first products have proven successful. It is often effective because (1) it reduces the need
for two parallel methodologies in the beginning of product line creation by utilizing primarily single-
system engineering and (2) transitions toward product line engineering as quickly as the developments
in the markets and within the product line organization allow.

The following roles of process management are necessary to establish and manage a product line
organization’s capabilities for implementing appropriate product line processes.
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Applying process enabling processes for product lines helps to establish and manage the readiness
of process infrastructure. It enables to secure process leadership and resources for definition,
assessment, and improvement of product line processes.

Domain engineering process definition establishes and maintains a set of organizational standard
processes and tailoring guidelines for product line engineering and management. It defines the common
processes that all participants of a product line should follow. It also establishes the processes and
development methodologies that domain engineers should use throughout the domain engineering life
cycle. Since different organizational units must collaborate, the organizational standard processes of a

product line organization are defined at multiple levels and are cross-functional.

Application engineering process definition establishes and maintains the process

that fits with

the defelopment of member products. It serves to define the member product specific

o
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6.4.2
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ing member products under the product line context. It also includes the defin
ition engineering processes, development methodologies, and tools that)shou
member products. Application engineering should use and/or tailor the,eommgd
ering processes defined here. It is important to note that the domdin engine

Definition and application of relationship management processes and supportin
s for collaborating with external providers and open sourcé communities d¢
hentation of the sourcing strategy (6.3.1). It institutionalizes.rélationship managem
zational and technical support processes, and organizational entities respon
ses to conduct engagements with the external stakeholders such as COTS compon
en source communities.

Applying process monitoring and control for.pfoduct lines helps to monitor the
domain/application engineering processes.and to control the corrective actions
ons between planned and actual performarices. For monitoring the performance
basures and metrics should be selected.to allow control over the processes acg

Applying process improvement~for product lines helps to manage organizat
ment and improvement based«on the measurement results. Organizational proce
hprovement should be systematic to migrate from an as-is state toward a de
zational processes.

Variability management

ement reguires explicit documentation of variability through domain and applicat

eringdifecycles are supported by the following variability management roles:

Variability modelling supports the creation and maintenance of detailed variag
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't line variability defines how member products are differentiated from each other. Variability

on variability

ng. Variability modeling, documentation, and evolution throughout the domain apd application

bility models

using
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modeling using consistent notations. There are two types of variability models: domain variability
models and application variability models. Domain engineering typically provides most of the variability
information necessary for structuring the domain variability model. The model is refined and managed
throughout the domain engineering lifecycle. However, application engineering provides variability
information as well because each member product may offer plenty of variability. This information is
documented in an application variability model. This model is also refined throughout the application
engineering lifecycle. The levels of detail of variability information differ depending on the process (e.g.
application requirements engineering) where the information is produced.

Variability mechanism is a mean for realizing the variability of product line. Because variability
is introduced at the whole domain engineering lifecycle phases and binding occurs at the whole
application engineering lifecycle phases, variability mechanisms that support the determined binding
times, rules and constraints, and domain artifacts should be provided. Variability mechanism used
differs from domain artifacts even at the same lifecycle phase. And it differs from realization (e.g.
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different programming languages), installation, and deployment methods. This role supports that
domain engineers choose the right variability mechanisms in accordance with the determined binding
times, domain artifacts, selected deployment methods, and etc.

— Variability binding supports the consistent exploitation of variability during application
engineering, facilitating proactive and correct reuse of domain assets. It maintains information that
domain and application engineers, as well as automated tools, need to resolve variability appropriately;
resolves variability established during domain and application engineering; and documents variability
resolutions, so it is possible to see later on how variability has been resolved (e.g. which variants have
been selected for a particular member product). Variability binding helps maintain member products
as it documents precisely which variability has been bound and how in a particular member product.

— Varialility documentation supports stakeholders to document variability models in| detail
with annotatjons. It helps stakeholders to understand and/or bind variability during predufct line
engineering. Annotations may provide justifications for providing certain variability while orpitting
some other variability from the domain assets, supporting the reuse of domain assets across the member
products of a product line. The annotations for the domain variability model shoulddélp make Hinding
decisions. The annotations for the application variability model are expected to provide the rafionale
of the binding results and newly added variation points, variants, dependencies;and constraints for the
specific member product.

— VariaHility tracing enables the establishment and maintenance- of’ traceability links bgtween
elements of the variability models and the associated domain and application assets. An ec¢nomic
analysis of thq costs and benefits from traceability links should be condiicted to decide on the appr¢priate
level of detail ffor traceability management. Having too much or to@little traceability is costly.

— Variahility control and evolution manages the different versions of variability modefls and
associated trgceability links stored in the asset base. It als@*deals with the change requests related to
variability mqdels, so the product line variability can bemanaged as a strategic organizational rejource.

6.4.3 Assettmanagement

Asset manag¢ment is responsible for storing, mining, and managing domain assets and appljcation
assets resulting, respectively, from the domain engineering of the platform and the appljcation
engineering of individual products. Asset management in the product line context is more compldx than
in single-system engineering becausé product line engineering requires comprehensive management
of the domainp assets, the application assets, and the relationships among them. Asset management
controls the platform and other-assets, including the attributes for mining application assefts (for
possible genefralization of applieation assets into domain assets), the annotations necessary td reuse
domain assetys (e.g. glues, jpriocesses, and their descriptions that are attached to domain assets and
prescribe how to use theassets), change requests and feedback, traceability links, and the versjons of
domain and applicatignjassets after they have been baselined.

The asset bage jis\a)common repository for domain and application assets and for traceability links
between the assets, between assets and platform releases, and between assets and member prq»ducts.
Domain assets together with the domain architecture and the configuration management plan comprise
the platform of the product line and are stored into the asset base. Application assets are also stored in
the asset base as some of them can be made generic and then reused as domain assets. The asset base
supports the creation, storage, retrieval, update, versioning, and deletion of domain and application
assets and traceability links. It is established and managed by asset management.

This process has the following roles.

— Asset identification identifies and evaluates domain asset candidates (e.g. features, models,
specifications,and testcases) developedin, for example, application engineering orlegacy application
projects. It selects the best candidates to be made generic and reusable in order to populate the
asset base. It is important to note that domain engineering only creates domain assets and stores
all of them in the asset base.
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— Asset base implementation constructs the asset base. Asset base should configure assets to make
them easy to mine, retrieve, and manage. It should include annotations that provide necessary
information which will be used for integrating and orchestrating assets for systematic reuse.

— Asset verification and validation ensure that the domain and application assets reflect the defined
asset structure and can easily be mined, retrieved, and managed.

— Asset evolution manages and controls change requests, traceability, and versioning of assets
after baselining.

6.4.4 Support management

Support management deals with the following roles that may support other processes an¢l may provide
the capabilities that can promote the success and quality of other processes. The roles-df this process
include technical quality management, configuration management, decision managemgnt, technical
risk mpnagement, and tool management.

— Technical quality management ensures that work products and processes‘implemented in domain
enlgineering and application engineering comply with the predefined provisiorls and plans.
Fynctionalities and quality attributes intended to be achieved threugh the product line engineering
arg assessed through technical quality management schemes (e)g~quality assurance)

— Configuration management controls versions and releases\oP each application and flomain asset.
Cdnfiguration management is more complex in product line engineering and managgment than in
single-system engineering and management because4t should deal with the variabiliity of product
lirfe platforms and member products.

— Ddcision management helps to choose the most beneficial option(s) among businesf or technical
dfcision alternatives. The strengths and ,weaknesses implied by each alternative should be
copsidered during decision making to cheose the best option(s). This role servgs all product
life decision making including domain engineering, application engineering, qrganizational
management, and technical manageniént.

— Technical risk management addrésses technical risk issues that could endanger thg achievement
of|targeted business values and other product line objectives. Severe technical risks (e.g. lack of
ddmain knowledge, uncertaiir or volatile domain requirements, lack of historical data for effort
estimation) are likely to.materialize without adequate technical risk management, sp product line
organizations must develop mitigation and/or contingency plans to cope with those 1jisks.

— Todol management is needed to automate or semi-automate domain engineering arnd application
erlgineering lifercycle processes and the creation, configuration, tracing, verificati¢n, validation,
maintenancé/and evolution of domain and application assets.

7 Relationships within and between domain engineering and applicatlion
engi ppring

This Clause explains the interrelations within and between the processes of domain engineering
and application engineering defined in the reference model for product line engineering and

management (Figure 1).

7.1 Interrelations between product line scoping and domain requirements engineering

The major results of product line scoping are product roadmaps and asset proposals. A product roadmap
defines products that will be included within a product line and their major assets (e.g. high-level
common and variable features that directly affect domain and application requirements engineering)
with their quantified costs and estimated benefits. A product roadmap may define a schedule for
delivering specific member products to customers or for bringing them to market. The schedule is the
result of strategic reasoning and effort estimation performed jointly by the product line and/or product
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managers. Each asset proposal includes a list of existing assets that could be used to derive domain
requirements and other domain assets.

Product portfolio definition
Asset proposals

. > Domain
Product Line .
. Requirements
Scoping < . .
< Engineering

Feedback for the portfolio
and proposals

Figure 2 — Interrelations between product line scoping and domain requirements engineering

Features of thle products of the productline are defined in domain requirements engineering/"T'h¢y deal
mainly with gxternal variability. They are communicated back to product line scoping asysuggéstions
for additionall and/or altered products or features, as well as feature refinements,"based pn the
analysis of eyisting products, stakeholder needs, laws, constraints, and other requirement sgurces.
The analysis| may involve significant interaction with customers and providers. Corresppnding
processes shquld be established.

During the life cycle of the product line, product line scoping has to react“to changes in cugtomer
needs, availalple technologies, competitors’ offerings, and in other market conditions. These changes
necessitate adaptations of the product roadmaps and asset proposals‘such as the introduction pf new
features or the elimination of outdated member products from the product portfolio.

7.2 Interr¢lations between domain requirements engineering and domain design

Domain requifements engineering has to follow the specificdtion of the productline’s high-level fgatures
provided by ]Eroduct line scoping to detail common, afid variable requirements that are adeqyate to
steer domain [design, realization, and verification andwalidation.

Domain requirements engineering provides to demain design all defined domain requirements gnd the
definition of the product line variability in the ,variability model. Domain designers can then det¢rmine
the technical polutions to be included in the'domain architecture. The internal variability arising from
domain desigh is added to the variabilityy model produced by domain requirements engineering. The
resulting varipbility model defines the yariability of the domain architecture.

Variability model
Domain requirements
specification

Domain
Requirements Domain Design
Engineering <
Requests for detailed and
revised requirements

v

Figure 3 — Interrelations between domain requirements engineering and domain design

Domain design provides feedback to domain requirements engineering in terms of the needs for new,
revised, or more detailed requirements.

7.3 Interrelations between domain design and domain realization

Domain design provides the domain architecture to domain realization. The domain architecture
forms the basis for structuring all member products and the texture for building reusable components
and interfaces.

Problem reports and other issues arising during domain realization are provided as feedback to domain
design for improvement purposes.
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Variability model
Domain architecture

v

Domain

Domain Design o .
§ Realization

&
<€

Problems encountered in
realizing the domain design

Figure 4 — Interrelations between domain design and domain realization

7.4 Interrelations between domain requirements engineering and domain.-yerification
and validation

Domain requirements engineering provides domain verification and validatipn witl} the domain
requirgments assets, specifying common and variable domain requirements,and the variability model.
Domain verification and validation develop system tests and acceptance,¢criteria for the acceptance
tests and check whether the specified domain requirements are testable:

Platfogms contain sets of loosely coupled components but no complete member products. Domain
verification and validation can thus usually perform system tests only on subsystems that realize
commgn requirements and are not affected by the variability~of the product line. To find test cases
without including variability, a configuration of variants is(tequired. However, in case$ where there
are lir:tited numbers of variation points with relatively smdll numbers of known variantg, it is possible
to testleach variant in sequence. For example, for a variation point with three variants, three tests are
planngd. Huge numbers of test runs are needed to test all combinations of selected variants at different
variation points, but this may be sensible and feasible in some cases.

Defecty originating, for example, from incomplete or ambiguous domain requirements dgfinitions and
found during the domain system testing arereported to domain requirements engineering so that the
defectf in the domain requirements assets-can be corrected.

Variability model
Domain requirements
assets

Donfain > Domain
Requirements Verification and
Engineering < Validation

Requirements defects

Figurle 5 — Interrelations between domain requirements engineering and domain|verification
and validation

7.5 Intérrelations between domain design and domain verification and validation

Domain design provides domain verification and validation with the domain architecture and
the selection of reusable assets whose realizations are incorporated in the platform. Integration
verification and validation assets are created for common component interactions and for those
components that contain few variable interactions with realized components based on the domain
architecture. Integration verification and validation assets should also be created at least for the most
common interactions of variable components. Verification and validation assets must then provide the
variability that matches the variability of the components and component interactions.
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