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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/IECJTC 1.

The procedufes used to develop this document and those intended for its further maintenar

described in §he ISO/IEC Directives, Part 1. In particular the different approval criteria needed
different typgs of ISO documents should be noted. This document was drafted in accordance w|
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is dirawn to the possibility that some of the elements of this document miay’be the suk

patent rights[ISO shall not be held responsible for identifying any or all such patent rights. De
any patent rights identified during the development of the document will be jn'the Introduction
on the ISO lis{ of patent declarations received (see www.iso.org/patents).

Any trade nagne used in this document is information given for the convenience of users and d¢
constitute an jendorsement.

For an explangtion on the meaning of ISO specific terms and expreSsions related to conformity asses
as well as inf¢prmation about ISO’s adherence to the World Trade Organization (WTO) principleg
Technical Barfiers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.
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The committge responsible for this document is ISO/IEC JTC 1, Information technology, Subcomimittee

SC 7, Softward and systems engineering.
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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 since 1990s.

Variability, which differentiates a member product from other products within a product line, plays
an important role in SSPL. Variability mechanism means ways to implement variability; it realizes
variability in the product line artefacts. Variability mechanisms differ in accordance with the binding
time of variability, and variability of a product line is introduced from product line scoping through
produftline testing and its binding can occur at any stages of productline development. Thus, variability

mechanism should be systematically managed for the right operation in domain enging
the right binding in application engineering. Furthermore, variability mechanismsshould
variabjlity management and traceability management. Accordingly, this documéntprovi
with their supporting methods and tools capabilities for variability mechanisni-operatio
for managerial supports for the right use of variability mechanisms at doniain engineeri
the right bindings at application engineering stages.

This d

— by

prj
an

bcument can be used in the following modes:

the users of this document: to benefit people who want to adopt SSPL for pr
oducts by guiding variability mechanism operationalization, variability mechanisnj
d variability mechanism supports;

by
to
m

by,
methods by providing a comprehensiye'set of the capabilities of methods and tools f
variability mechanism operationalization, variability mechanism management ai
mechanism supports.

a product line organization: to provide guidance/in the evaluation and selection fot
bls for the tasks of providing variability mechanism operationalization, variabilit
hnagement and variability mechanism supports;

The I
capabilities of methods and tools in terms of the key characteristics of product line deve
docunient provides processes and capabilities of methods and tools for variability m
produ¢t lines. Other ISOAEC 26550 family of standards are as follows.

ISO/IEC 26550, ISO/IEC 26551 and ISO/IEC 26555 are published. ISO/IEC 26558 and I
are under preparation. [SO/IEC 26552, ISO/IEC 26553, ISO/IEC 26554, ISO/IEC 26556, I
ISO/IBC 265615 1SO/IEC 26562 and ISO/IEC 26563 are planned.

Prjocesses and capabilities of methods and tools for domain requirements eng
application requirements engineering are provided in ISO/IEC 26551.

ering and for
support easy
des processes

lﬁ]alization and

g stages and

oducing their

management

methods and
y mechanism

providers of tools and methods: to provide guidance in implementing or developing tools and

pr supporting
nd variability

/IEC 26550 family of standards addresses both engineering and management processes and

lopment. This
echanisms in

b0/IEC 26559
O/IEC 26560,

ineering and

provided in ISO/IEC 26552 (planned).

are provided in ISO/IEC 26553 (planned).

provided in ISO/IEC 26554 (planned).

ISO/IEC 26555.

[SO/IEC 26556 (planned).

© ISO/IEC 2016 - All rights reserved

Processes and capabilities of methods and tools for domain design and application design are

Processes and capabilities of methods and tools for domain realization and application realization

Processes and capabilities of methods and tools for domain testing and application testing are

Processes and capabilities of methods and tools for technical management are provided in

Processes and capabilities of methods and tools for organizational management are provided in
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— Processes and capabilities of methods and tools for variability modelling are provided in
ISO/IEC 26558.

— Processes and capabilities of methods and tools for variability traceability are provided in
ISO/IEC 26559.

— Processes and capabilities of methods and tools for product management are provided in
ISO/IEC 26560 (planned).

— Processes and capabilities of methods and tools for technical probe are provided in ISO/IEC 26561
(planned).

— Processes—and capabilities of methods—and tools for transition managementare provided in

ISO/IEC 26562 (planned).

— Processe$ and capabilities of methods and tools for configuration management of asset are prpvided
in ISO/IEC 26563 (planned).

— Others (IFO/IEC 26564 to ISO/IEC 26599): planned.
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Software and systems engineering — Methods and tools
for variability mechanisms in software and systems
product line

1 Scope

This d _vith T .
systenﬁ product lines:

J— pr
P

— de
lif]
te

— de

— ddg

This d
but raf

2 N
There

3 Terms and definitions

For thq

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

— IE
— IS

3.1
applid

ovides the terms and definitions related to variability mechanisms for software
oduct lines;

fines processes and their subprocesses for operating variability mechanisms at eac
b cycle stages and those for providing managerial supports. Those ‘processes arsg
'ms of purpose, inputs, tasks and outcomes;

fines method capabilities to support the defined tasks of each’process;

fines tool capabilities to automate/semi-automate tasks,or defined method capabil
pcument does not concern processes and capabilities of tools and methods for a §
her deals with those for a family of products.
pbrmative references

hre no normative references in thisdocument.

e purposes of this docurherit, the following terms and definitions apply.

C Electropediatavailable at http://www.electropedia.org/

D Online browsing platform: available at https://www.iso.org/obp/

ation‘configuration

software and
and systems
h product line

described in

ties.

ingle system,

addresses:

deriva f I i ifi hl £ i . . li . L,

.10)

Note 1 to entry: The specific configuration of an application is the binding (3.3) results for the variation points
(3.19) with the selected variants (3.17).

3.2

aspect
special consideration within product line engineering process groups and tasks to which we can
associate specialized methods and tools

3.3

binding
task for making a decision (3.7) on relevant variants (3.17) using domain variability model (3.16) and
decision tables (3.8)

©150/1
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3.4
binding time
moment of variability resolution

Note 1 to entry: The choice of binding time is independent from variability modelling. It is the consequence of
decisions (3.7) made from requirements through run time (3.11). Demands for flexibility and the support of tools
allow late binding times or even the use of variable binding times.

3.5

binding time decision

selection for variability (3.13) defined in platforms in accordance with the functional distinction
between variability in time and variability in space

3.6
configurabiljty
degree of how well a variability mechanism (3.14) supports the configuration of a member produgt

3.7

decision
types of statdments in which a choice between two or more possible outcomes, controls whicll set of
actions will r¢sult

3.8
decision table
table that spe[ifies decision variables

Note 1 to entry: It also includes rules, constraints and relevancy among'variables.

3.9
post-compilg time
collective name for link time and load time that are right after the compilation of components

3.10
realization
stage for detaliled design and construction

3.11
run time
stage that a nlember product is executed

Note 1 to entryl: Components cah be developed, compiled, linked and loaded separately. Only at run time gre they
combined into p working system.

3.12

texture
architectural texture
collection of domirhon development rules and constraints for realizing the applications of a product line

3.13
variability
characteristics that may differ among members of a 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
management. This document is primarily concerned with product line variability.

2 © ISO/IEC 2016 - All rights reserved
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EXAMPLE1 In the case of a home automation system, in accordance with business strategy, the use of a LAN
as an alternative to the European Installation Bus (EIB) in a home automation system might be a competitive
advantage for the company since it allows the use of low-cost components.

EXAMPLE 2  Annex B provides variability examples in accordance with variability types.

3.14
variability mechanism
variability representation/implementation technique for the product line variability

Note 1 to entry: It deals with variabilities based on the binding time (3.4) at the specific life cycle stage.

3.15

variability mechanism operationalization
VMO
adequgite provision or binding (3.3) of variability mechanisms (3.14) at each(speciffjc domain or
application engineering life cycle stage

3.16
variabhility model
explicit definition for product line variability

Note 1[to entry: It introduces variation points (3.19), types of variation\for the variation points,|variants (3.17)
offered by the variation points, variability dependencies and variability constraints. Variabilify models may
be ortHogonal to or integrated in other models such as requirements or design models. There afe two types of
variabillity models: application variability models and domain variability models.

3.17
variant
option|or an alternative that may be used to realize.particular variation points (3.19)

Note 1[to entry: One or more variants should correspond to each variation point to represent V_YP relationship.
Selectipn and binding (3.3) of variants for a_specific product determine the characteristics of| the particular
variability (3.13) for the product.

3.18
variant selection
decisi¢gn making for a choice of avariant (3.17) in a variation point (3.19)

Note 1 fo entry: binding (3.3),\variability resolution.

3.19

variatiion point
representation_éerresponding to particular variable characteristics of products, domajin assets and
application assets in the context of a product line

Note 1[to/entry: Variation points show which of the product line element varies. Each variation |point can have
multiple WVP relationships.

4 Variability mechanisms for software and systems product line (SSPL)

4.1 Overview

Variability mechanism means a method for implementing the variability of a product line and it
incorporates variability into the product line development artefacts. Because variability is introduced
at the whole product line life cycle stages and so binding does, variability mechanisms for implementing
variability in accordance with its binding time should be provided. It is necessary to classify variability
mechanisms by binding times so the users of this document can choose proper variability mechanisms
in accordance with the binding time decisions. This subclause provides a set of variability mechanisms
used at given binding times.

© ISO/IEC 2016 - All rights reserved 3
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Bindings can occur at requirements stage. In the case of requirements, binding decisions for whether
external requirements variabilities exist or not, are made. Variability mechanism operationalization
for requirements differ in accordance with requirements artefacts. Variability mechanism
operationalization for requirements can be summarized as follows:

SSPL specifically defined mechanism: feature variability notation;

machine diagram, coloured notations in state machine diagram;

language extension mechanism: stereotype in activity diagram, sequence diagram and state

language supported mechanism: extends and includes in use case model, swim lane and notes in

activity diagram, notes in textual specification and sequence diagram, tags or markups in textural

use case §

During archit
compose arc
accordance W
also substitut]
as follows:

SSPL spe
structurg
process t

language
communi

language
and post-

At realizatiom stage, additional variation points €an be introduced and bindings can occ

variability me
operationaliz

SSPL spec
— language

— language
(optional
(optional
Oriented
framewo

There exists v
compilation.

hitectural structure such as components, ports and connectors are, Selecta

ed with another. Variability mechanism operationalization for design-cah be summ

CEITario.

ecture design, bindings also occur. In the case of design time, binding elémen

ith the variant selection, architectural structure differs. Components ahd‘interfa

cifically defined mechanism: plug-ins in component framework diagram, con
diagram, package diagram and deployment diagram, architecture reorganizat
hble;

extension mechanism: stereotype in component diagram, class diagram, E-R diagr4
cation diagram;

supported mechanism: notes or tagged values.in component diagram, frameworK
ronditions in Object Constraint Language (OCL).

chanisms supporting variability in realization stage are required. Variability mech
htion for realization can be summatized as follows:

ifically defined mechanism: orthegonal feature setin model-driven approaches (e.g. k
pxtension mechanism: stexeotype in entity model, stereotype in detailed design level

supported mechanism: generalization/specialization (extension) in classes, aggrg

in class, abstragt-class designed as parameterized class (template) and concrete
, tagged values/inentity model, generics in codes, pointcut and advice concepts in
Programming. (AOP), framework implementation methods (e.g. hotspots and ho
K.

ariability binding during compilation and in some cases, all bindings can be delaye
Most-bindings occurred when compilation are difficult to change in subsequent

ble. In

s that

es are
arized

posite
ion in

m and

S, pre-

ur, so
anism

[obrA);
model;

gation
rlasses
Aspect
pks) in

d after
stage.

Variability mg

chanism operationalization at compile time can be summarized as follows:

SSPL specifically defined mechanism: break (variation point), adapt (include) and select (variants)

in XVCL, Markup (vp, insert_before, insert_after, insert) and highlighted variant elements code in

frame tec

language

compilati

hnology;

extension mechanism: none;

on, parameters in makefile.

language supported mechanism: macro, #ifdef and directives mark in codes for conditional

© ISO/IEC 2016 - All rights reserved
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After compilation, bindings can occur for generating different linked configurations. Such bindings at
compile time and at link time are also difficult to change in subsequent stage. Variability mechanism
operationalization at link time can be summarized as follows:

— SSPL specifically defined mechanism: configuration space including rules and constraints for
different bindings at link time;

— language extension mechanism: none;

— language supported mechanism: configuration files or linker directives for linking static libraries,
parameters in makefiles.

ionalization at

ht load time;

— lapguage extension mechanism: none;

— language supported mechanism: import in source code or external makefile for load [time dynamic
liking.

For (;E)portmg different installation in accordance with thé_ tustomer preferencgs or system
environments, bindings occur at deployment/installation “time. Variability medchanisms at
deployment/installation time can be summarized as follows:

— SSPL specifically defined mechanism: rules and)‘constraints description for| bindings at
dgployment/installation time;

— lapguage extension mechanism: none;

— language supported mechanism: options for conditional installation.

Some Yariabilities are bound at run timé:dn the case of highly reconfigurable systems, lIndings occur
only af run time. In normal case, bipdings occur at run time for reflecting the runnipg conditions.
Variability that is bound at run time tends to be easily rebound or unbound in accordancelwith the user
selections or context conditions: Unlike binding at compile or link time, bindings at run time can easily
be chajnged. Variability mechanism operationalization at run time can be summarized as follows:

— SSYPL specifically defined mechanism: rules and constraints description for bindings &t run time;
— lapguage extension’mechanism: none;
— lapguage supported mechanism: dynamic libraries.

VariabjilitiesSshould be encoded into test artefacts for addressing test variations amjong member
produgts: Bmdlngs at testing stage are closely related to the blndmgs of member product’s development
stage. 1dts. Variability
mechanlsm operatlonallzatlon for test artefacts can be summarlzed as follows:

— SSPL specifically defined mechanism: segmentation and fragmentation mechanisms with notes for
test case scenario in sequence diagram;

— language extension mechanism: decision point and its branches for test model in extended activity
diagram;

— language supported mechanism: note for test plan in natural language.
NOTE 1 Variability mechanisms for the selected software development activities are depicted in Annex A.

NOTE 2 Binding time suggestions in accordance with variability types and their exemplar variability are
depicted in Annex B.

© ISO/IEC 2016 - All rights reserved 5
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4.2 Reference model for variability mechanisms in product line

The methods and tools for variability mechanisms for software and systems product line should
support systematic implementation and management of variability mechanisms in accordance with
the determined binding times. They also need to adequately be used in domain engineering life cycle

processes in order to enable right bindings in application engineering life cycle processes.

The reference model specifies the structure of supporting processes and subprocesses for variability
mechanisms in product line. As shown in Figure 1, variability mechanism in product line can
be structured into three processes: variability mechanism management, variability mechanism
operationalization and variability mechanism support. In the rest of this document, tasks, methods and

tools are described in terms of processes and subprocesses defined in the reference model.

Each process
attributes:

— thetitle o
— the purpc
— theinput

— the tasks

— the outcomes of the subprocess;

— the capal

f the subprocess;

se of the subprocess;

5 to produce the outcomes;

to achieve the outcomes;

is divided into subprocesses and each subprocess is described in terms of the\fol

ilities of methods and tools required for performing the tasks effectively and effici

Variability mechanism Variability mechani$m operationalization(VMO)
management
N
Variability VMO for *} VMO for VMO for
mechanism requiremeiits design realization
planning N
Variability VMO at VMO at post- VMO at
mechanism compile time compile time run time
enabling N
\\
Variability d VMO for test
mecha_nlsm artifacts
tracking
[ @Rl
AN Variability Mechanism Support
Relating VM to|| Quality assurance || Bindingtime Application
variability for variability decision configuration
model mechanism support support

e

owing

ently.

Figure 1 — Variability mechanisms for SSPL

Variability mechanism management shall serve to do the following and to define the capabilities of
tools and methods for supporting them.

— Variability mechanism planning establishes an organization level plan to utilize variability
mechanisms.

— Variability mechanism enabling defines, maintains and assures the availability of strategies for
variability mechanism operationalization, guidance for variability mechanism selection and
enabling supports such as human skills and tools for variability mechanism operationalization.

— Variability mechanism tracking provides integrated management for variability mechanism
operationalization in both domain engineering and application engineering.
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Variability mechanism operationalization shall serve to do the following and to define the capabilities
of tools and methods for supporting them.

dealing with the variabilities that will be bound at requirements stage.

with the variabilities at architecture design stage.

Variability mechanism operationalization for requirements provides variability mechanisms used for

Variability mechanism operationalization for design provides variability mechanisms used for dealing

Variability mechanism operationalization for realization provides variability mechanisms used for

dealing with the variabilities that will be bound at detailed design and implementation stage;

Va
w

Va
de

riability mechanism operationalization at post-compile time provides variability med
- dealing with the variabilities defined for different sequence of linkages, for loa
ecutable files and for installing or deploying different configurations,

riability mechanism operationalization at run time provides variability mechanisms u

riability mechanism operationalization for test artefacts prevides variability mechar]
aling with variabilities that should be realized in test assets.

Variability mechanism support shall serve to do the following and to define the capabiliti

metho

Rd
ti
us

Qy

ds for supporting them.
lating variability mechanismto variability modelestablishes and maintains informatid
ing right variability mechanisms.

ality assurance for variability mechdanism helps ensure whether the artefacts ancd

variability mechanism managementand operation comply with predefined provision

Bi
bi
m

Ap
to

The id
manag
produ
manag
the ke

nding time decision support.dedls with the required provisions necessary to con
hding at the planned binding stages (e.g. architecture rules to constrain the us
hkefile parameters).

plication configurdation support deals with the realization of configurability by dete
derive a member product such as compiler parameters.

entification~and analysis of the key differentiators between single-system eng
ement and\product line engineering and management can help organizations to u

ling with the

hanisms used
Hing different

ed for dealing

th the variabilities defined for accessing different files (or compoOnents, interfaces) at run time.

isms used for

bs of tools and

n (e.g.binding

Ine, rules and constraints adhered) necessary to conduct right binding and right copfiguration by

processes of
s and plans.

luct the right
b of macro or

rmining ways

fineering and
hderstand the

't linecand to formulate a strategy for successful implementation of product line en
emeént. The key aspects have been defined in ISO/IEC 26550 and Table 1 shows t
‘aspects.

pineering and

lre category of

Table 1 — Key aspects for identifying product line-specific variability mechanism tasks

Category Aspects

Reuse management application engineering, domain assets, domain engineering, product management,
platform, reusability

Variability binding, variability

management

Complexity collaboration, configuration, enabling technology support, reference architecture,

management texture, traceability

Quality management |measurement and tracking, cross functional verification and validation

The following are the descriptions for each aspect concerning variability mechanisms for product
lines. The variability mechanism relevant processes and tasks shall the identified on the basis of these

© ISO/IEC 2016 - All rights reserved
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aspects. The concerns specific to variability mechanisms for product lines will enable an organization
to understand the variability mechanism relevant processes, subprocesses, tasks, methods and tools’
capabilities.

5

Application engineering: variability mechanism has influences on the possible binding times, so
the binding time of variability and other binding-related decisions adhered during application
engineering are closely related to variability mechanisms used.

Binding: variability mechanism is the major factor for binding decision. Binding time restricts to
variability mechanism that can be used.

Collaboration: variability mechanism should support collaborative development because when
variability Tsspread—across the different compoments dueto the Testrictiomr of @ mectanism. It is
difficult tp develop such components without collaboration.

Configurdtion: variability mechanism is an important factor for deriving the -configyration
of a merhber product, so variability mechanism should be determined toward ensuring the
configurdbility of member products.

Domain dfsset: variability mechanisms differ in accordance with the types(of domain assets{In the
case of uding plug-in mechanism. The number of component and interfa¢e’assets can increade than
in the case of including variability within components and interfaces;

Domain dngineering: variability mechanism should be classified ‘by domain engineering |stages
because yariability can be introduced throughout domain enginleering stages.

Enabling technology support: methods and tools required-for enabling variability mechanisi uses
and manggement in requirements modelling, design, tealization, compiling, linking, loading and
running qtages should be provided.

Measuremient and tracking: trade-off analysis sfer variability selection, measurements for the
flexibilityf and reusability of a variability mechanism should be conducted, and status dath from
variability mechanism used until when the bifiding occurs should be traced and measured.

Platform:|variation points, where variahts will be bound are implemented in a platform arnd they
differ in dccordance with variability mechanisms used for realizing variability.

Product management: variability mechanism should support easy variability evolution in accofdance
with product line evolution.

Reference architecture: réference architecture should be defined toward supporting the easy use of
possible yariability mechanisms in domain design.

Reusabilify: variability mechanisms should support the reusability of domain assets.

Texture: tpxture can define binding rules for the used variability mechanisms that should be adlhered
by a memerproduct (e.g. rules for makefile parameter use).

Traceability: because variability mechanism is a way to deal with variability. it should support easy
traceability among domain asset, application asset and variability model.

Cross functional validation and verification: variability mechanisms that realize variabilities
introduced in testing stage should be classified and supported.

Variability: variability mechanism provides means to realize variabilities defined and managed in a
product line.

Variability mechanism management

Variability mechanisms in the pool should be used in consistent and controlled ways for supporting
the right operation of variability mechanisms and right bindings at application engineering stages. The
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use of variability mechanisms should be planned and enabled and its status should be traced for the
management and future improvement.

Variab

ility mechanism management supports the following:

— variability mechanism planning;

— variability mechanism enabling;

— variability mechanism tracking.

5.1 Variability mechanism planning

5.1.1

The purpose of this subprocess is to produce plans for variability mechanism-Gperatior

produ
such a
strateg

5.1.1.1

— Or
— Ot
— As
— A
5.1.1.2
— Re
— As
— 0
— Pl
5.1.1.3
— Ej

kn
an

Purpose of variability mechanism planning

Fing plans and strategies for variability mechanism operationalizationh, requiy
5 skills and tools should be defined and evaluated in advance for esfablishing pro
pies.

Inputs

ganizational transition plans (from ISO/IEC 26556).

ganizational level product line evolution plans (from’ISO/IEC 26556).
set proposals (from ISO/IEC 26551).

bet of variability together with their detailedinformation by domain engineering st

Outcomes

sources necessary to operate variability mechanism are defined.
signment of responsibilities jslclarified.

ality assurance measures.are employed throughout the SSPL stages.

ins for variability aiechanism operationalization are developed.

Tasks

timate adequate resources needed for variability mechanism operationalization i
owledge, skills and tools for variability mechanism use, variability mechanism poo
d performing bindings.

alization. For
ed resources
per plans and

ages.

5 to estimate
maintenance

— Assignresponsibility for variability mechanism operationalizationisto clarify roles and responsibilities
related to variability mechanism operationalization.

— Define quality assurance measures in variability mechanism operationalization is to employ quality
assurance invariability mechanism operationalization so as to achieve quality assurance throughout
the SSPL stages.

5.1.2 Estimate adequate resources needed for variability mechanism operationalization

The goal of this task is to estimate knowledge, skills, engineers and infrastructures for variability

mecha

nism operationalization and management.
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The method should support estimating adequate resources needed for variability mechanism
operationalization with the following capabilities:

defining required knowledge and skills (e.g. modelling languages, programming languages) for
variability mechanism operationalization and management;

defining detailed tools and methodologies (e.g. modelling tools supporting variability mechanisms)
related to variability mechanism operationalization;

providing a way to establish and maintain variability mechanism pool (catalog);

defining plans for resource allocation required for variability mechanism operationalization.

A tool shojld support estimating adequate resources needed for variability meehanism
operationalizgtion by allowing the user to do the following:

— documenting resources required for the right operation of variability mechanismsg;

— providing tool capabilities for establishing and maintaining variability mechanism’pool (catalogue);
— sharing rgsource allocation plans with the relevant participants.

5.1.3 Assign responsibility for variability mechanism operationalization

The goal of this task is to assign responsibility for the efficient and\effective operation of varifability

mechanisms.

The method should support assigning responsibility for variability mechanism operationalizatign with

the following fcapabilities:

— defining foles and responsibilities for variability méc¢hanism operationalization;

— harmoniging required resources across roles’ and responsibilities for variability mechanism
operatiorlalization;

— allocating resources to each role, and responsibility for proper variability mechanism
operatiorlalization;

— establishjng commitments to provide the resources.

A tool should support assigning responsibility for variability mechanism operationalization by allowing

the user to do
— recording

notifying

the following:
roles, responsibilities and their allocated resources;

roles‘and responsibilities to participants concerned.

5.1.4 Defim

The goal of this task is to define measures for evaluating qualities for variability mechanism
operationalization and to assure whether the selection and use of variability mechanisms is performed
in accordance with the defined responsibilities, rules, constraints and procedures.

The method should support defining quality assurance measures for variability mechanism
operationalization with the following capabilities:

defining metrics used for evaluating the operability (e.g. usability, understandability, verifiability)
of variability mechanism;

defining measures for measuring the operability;
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establishing ways for tracing the operation for assuring whether the selection and use of variability
mechanisms is performed in accordance with the defined responsibilities, rules, constraints and
procedures;

defining ways to share and receive feedbacks for variability mechanism operationalization.

Atool should support defining quality assurance measures for variability mechanism operationalization
by allowing the user to do the following:

5.2

5.2.1 | Purpose of variability mechanism enabling

supporting measurement data collection by tracing variability mechanism operationalization;

supporting the maintenance of the defined quality assurance measures;

allowing the easy access of the defined measures;

editing and storing quality assurance results.

Variability mechanism enabling

The ppurpose of this subprocess is to establish and maintain (ehabling infrastructuges necessary
to execute variability mechanism plans. Variability mechanism enabling subprocess |confirms the
availability of strategies, guidance for variability mechanism-selection, procedures, requjred skills and

tools fpr variability mechanism operationalization.

5.2.1.1 Inputs

5.2.1.2 Outcomes

Gyidance for variability mechanism selection,
Edtimated resources necessary to variability mechanism operationalization.

Measures for variability mechanismplans.

A §et of variability mechanisms is maintained and improved.

Guidance for variability mechanism selection is maintained and improved.
Prpcedures necessary to operate variability mechanism are defined and improved.
Measures foxmonitoring variability mechanism usage are defined and improved.

Rdquirements for enabling infrastructure for variability mechanism operationalizqtion such as
hgqrdware, software, methods, tools, techniques and facilities are defined.

Enabling infrastructure for variability mechanism operationalization is maintained and improved.

5.2.1.3 Tasks

Enable variability mechanism pool to provide, maintain and improve a set of variability mechanisms
in organization level so that domain engineer can use them with guidance. Variability mechanism
pool includes guidance for using variability mechanisms.

Provide guidance for variability mechanism operationalization to define and maintain guidance for
variability mechanism selection and configuration in accordance with binding time decision and
variability characteristics.

Enable measurement infrastructure for quantifying variability mechanism operationalization to
establish enabling infrastructures for measuring the variability mechanism operationalization.

© ISO/IEC 2016 - All rights reserved 11
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— Procure resources needed to perform variability mechanism operationalization to provide knowledge
and skills required for using variability mechanisms, maintaining the forms of variability
mechanisms in the relevant artefacts and performing bindings.

5.2.2 Enable variability mechanism pool

The goal of this task is to establish, initiate and maintain variability mechanism pool organized by
domain life cycle stages.

The method should support enabling variability mechanism pool with the following capabilities:

developing common rules used for applying variability mechanisms for developing domain assets

(referenc
designing
designing
— providing
A tool should
— implemer

enabling

— allowing

e architecture, components, etc.);
the structure of variability mechanism pool that enables easy reference;
the ways to access variability mechanism pool;
exemplar usages of variability mechanisms for supporting the righfjuse.
support enabling variability mechanism pool by allowing the userto do the followi
ting the defined structure of variability mechanism pool (catalogue);
'he access of variability mechanism pool by means of the.designed access method;

hccess for the exemplar usages of variability mechanisms (e.g. hyperlink).

5.2.3 Provide guidance for variability mechanism operationalization

The goal of t
mechanism s¢

The method s
following cap

— defining y
— providing

defining ¢

A tool should
user to do the

— sharing
domain/3

his task is to produce guides, procedures and rules supporting the right vari
lection and use by the decided binding time and the characteristics of variability.

hould support providing guidance\for variability mechanism operationalization w|
hbilities:

rariability mechanism selection criteria by domain engineering stages;
detailed procedures for variability mechanism selection and use;
onfiguration guides and rules.

support providing guidance for variability mechanism operationalization by allow
following;

guidess and rules for variability mechanism operationalization with rg
pplication engineers;

ability

ith the

ng the

levant

— allowinginstantaccess for guidesandrulesfor performingvariability mechanism operationalization.

5.2.4 Enable measurement infrastructure for quantifying variability mechanism
operationalization

The goal of this task is to establish and maintain enabling infrastructure for the quantitative
measurement of variability mechanism operationalization.

The method should support enabling measurement infrastructure for quantifying variability
mechanism operationalization with the following capabilities:

— integrating measurement environment to development stage using variability mechanisms;

— providing ways for integrating data collected from variability mechanism operationalization;

12
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— providing ways to find and review obstacles to the successful use of variability mechanism;

— providing documentation templates for recoding the quality of variability mechanism
operationalization.

A tool should support enabling measurement infrastructure for quantifying variability mechanism
operationalization by allowing the user to do the following:

— initiating measurement tool environment with variability mechanism operationalization
environments;

— allowing tool supported measurement data collection;

— al

5.2.5

The gg

owing documentation for the quality of variability mechanism operationalization.

Procure resources needed to perform variability mechanism operationalizat

al of this taskis to supply knowledge, skills and tools (e.g. tools supportingthe selec

mechanisms) required to incorporate variability mechanisms into domainassets.

The n
operat]

— as
J— pr
— m

Atool
by allg

— al
re

53

5.3.1

hethod should support procuring resources needed to  perform variability
ionalization with the following capabilities:

suring availability of required resources;
oviding ways to assess the alterative resources;
bnitoring and controlling the fulfilment degree of procured resources.

thould support procuring resources needed to’perform variability mechanism oper
wing the user to do the following:

oviding managerial support for the procured resources and their status;

owing feedback collection for~monitoring and controlling the fulfilment level
sources.

yariability mechanism tracking

Purpose of variability mechanism tracking

The pyirpose of this‘subprocess is to monitor and control variability mechanism oper

and th
enging

5.3.1.1

e availability of variability mechanism supports in both domain engineering ar
ering, s0-as to provide proper managerial supports.

Inputs

ion

ed variability

¥ mechanism

htionalization

of procured

htionalization
d application

— Measures for monitoring variability mechanism usage.

— Status of variability mechanism operationalization.

— Variability mechanism plans.
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5.3.1.2 Outcomes

Plans versus actuals are reviewed.

Measurements for monitoring variability mechanism usage are performed.
Corrective actions are performed and the list including their status is maintained.

Inputs for improvement are generated.

5.3.1.3 Tasks

—_— b v

Review the—plan

objective

operationalization with their prec

5 achieved through variability mechanism

e—guality
defined

measureq and metrics and monitor whether they are operated in line with the pre-defitied plans.

— Assessissuyes in variability mechanism operationalization is to examine issues raised during variability
mechani{m operationalization so as to find obstacles for achieving quality objectives and ways to
remove the obstacles.

— Make conrective actions for variability mechanism operationalization.4s,to improve variability
mechanigm pools and operation to achieve the assigned quality objectives.

5.3.2 Revigw the plan versus actual of variability mechanism operationalization

The goal of th[s task is to check the quality of variability mechaiism operationalization.

The method should supportreviewing the plan versus actualof variability mechanism operationaljzation

with the folloving capabilities:

— defining monitoring procedures for variability*mechanism operationalization status compared
to plans;

— providing ways to collect data for comparing plan versus actual operations;

— defining yvays to integrate data for judging the status.

A tool should [support reviewing the plan versus actual of variability mechanism operationalization by

allowing the yser to do the following:

— sharing cpnsensus on theé defined roles and responsibilities;

— providing (semi-)autpntated measurement environment for data collection and integration.

5.3.3 Assegs isstes in variability mechanism operationalization

The goal of|thiS task is to generate and share issues for improving variability mechanism

operationalization.

The method should support assessing issues in variability mechanism operationalization with the
following capabilities:

defining decision criteria for classifying issues that require corrective actions;

issues of variability mechanism operationalization” task;

14

providing ways to find and review obstacles to the successful operation of variability mechanism;

providing ways to defining corrective actions based on the type of obstacles reviewed in “review

providing documentation templates for recoding assessment results and corrective action plans.
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A tool should support assessing issues in variability mechanism operationalization by allowing the user

to do the following:
— supporting issues collection raised by different roles and responsibility;

— allowing documentation for assessment results and corrective action plans.

5.3.4 Make corrective actions for variability mechanism operationalization

The goal of this task is to execute corrective actions for variability mechanism operationalization to

achieve the defined quality level.

The

— prpviding ways to monitor and control the status of correction action;
— communicating corrective action results with the relevant participants;
— collecting the improvement items of variability mechanism operatignalization;

— injplementing the improvement items of variability mechanism gpérationalization.

rationalization

A tooll should support making corrective action for variability mechanism operatignalization by

allowipg the user to do the following:

— supporting simulation for confirming the achieverment of quality level related to t
mechanism operationalization;

— allowing traces for the status of corrective actions;

— supporting improvement input collection;

— prpviding communication environmeiit among the relevant participants.

6 Variability mechanism operationalization

he variability

Domain engineers should be“informed what kinds of variability mechanisms are p¢ssible at the

specific domain engineering stages and how they use the variability mechanisms in the
utilizing variability, mechanisms at each stage domain engineers should examine the cha
variabjlity such as depéndency and constraint relationships and stage-specific rules an
and variability mechanisms should be assessed and selected in accordance with
Furthdrmore, préparations for supporting the right bindings at application engineering
be conducted.

Variabjility mechanism operationalization supports the following:

Fight way. For
Facteristics of
H constraints,
he guidance.
stages should

— variability mechanism operationalization for requirements;

— variability mechanism operationalization for design;

— variability mechanism operationalization for realization;

— variability mechanism operationalization at compile time;

— variability mechanism operationalization at post-compile time;
— variability mechanism operationalization at run time;

— variability mechanism operationalization for testing.

© ISO/IEC 2016 - All rights reserved
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6.1 Variability mechanism operationalization for requirements

6.1.1 Purpose of variability mechanism operationalization for requirements

The purpose of this subprocess is to support the use of variability mechanisms related to variabilities
that will be resolved in requirements stage.

6.1.1.1 Inputs

6.1.1.2 Outicomes

6.1.1.3 Tasks

Variability introduced in requirements.

Variabili 2 thatwill be bound at requirementsstage

Variabilitly model in requirements.

External yariabilities that will be bound at requirements stage is identified.

Variability mechanism operationalization for requirements is assessed, seléeted and specified.
Descriptign for requirements level variability mechanisms is provided-

Configurdbility in requirements is enabled.

Requirempnts level variability mechanism is verified.

Categorizp requirements variability is to classify requirements variabilities, those boyind at
requirements stage or after requirements stage. This allows a member product to do the right

bindings ft requirements stage by providing Well-categorized requirements variability in the
of domains and subdomains by functional and non-functional requirements.

forms

Assessreduirements level variability m¢éhanismis to explore, analyse and deploy the proper variability

mechanigm for implementing external and/or derived requirements variability.

Speczfy rdquirements level variability mechanism is to describe variability mechanisms in d
nts artefacts suchyas requirements analysis models and requirements specificati
“extends’| and “includes”(inuse case diagram).

omain
n (e.g.

Prepare hindings atdeguirements level is to provide the basis of selecting variants consistently for a
member product such that which of variation points are supposed to be bound at requirements level.

Verify requirements level variability mechanism is to confirm that variability mech

anism

operatiorfalization for requirements stage adhere the deploy criteria of external varfability

existence, applied rule, binding rules and constraints.

6.1.2 Categorize requirements variability

The goal of this taskis to identify and categorize variabilities for deciding the right variability mechanisms
and for guiding the right binding in requirements analysis models and requirements specifications. This
task deals with only requirements variability whose binding time is requirements stage.

The method should support categorizing requirements variability with the following capabilities:

16

identifying the dependency and constraint relationship of a variability to be considered in terms of

determining variability mechanisms;

classifying external and internal (including derived) requirements variability resolved in

requirements stage for the right decisions of variability mechanisms;

© ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=f687736cf3225ad9898038391c709daf

ISO/IEC 26557:2016(E)

— classifying non-functional (including derived) requirements variability resolved in requirements
stage;

— categorizing requirements variability into domain and subdomain by functional and non-functional
requirements in terms of their distinct characteristics (constraints to platform, process, technology

or

design).

A tool should support categorizing requirements variability by allowing the user to do the following:

— storing the classification results of requirements variability;

— importing the required requirements artefacts or their information for deciding variability

m

— ed
— ed
— di

6.1.3

The g(
will be

The nJlethod should support assessing requirements levél variability mechanism with

capab
— ad

J— pe
gy

— ddg

A tool
the fol

— st

— supporting assessment progress by guiding assessment steps;

— al

iting requirements variability category;
iting the classification of requirements variability by the defined category;

splaying the categorized requirements variability.

Assess requirements level variability mechanism

al of this task is to assess and select a variability mechanism for implementing v
bound at requirements stage.

ities:
apting guidance for variability mechanism selection to requirements stage;
oviding guides for variability mechanism$élection for non-functional requirement

rforming detailed analysis for thes;requirements level variability mechanisms
idance for variability mechanism selection;

oviding rationale and assumptions (if necessary) related to the decisions;
fining templates used for assessment (e.g. assessment result template).

should support assessing requirements level variability mechanism by allowing {
owing:

bring the defited guidance for variability mechanism selection specific to requiren

owing the user to access required information necessary for assessment;

hriability that

the following

B,

based on the

he user to do

ents stage;

oviding templates Ior documentation;

— storing rationale and assumptions for decisions.

6.1.4

Specify requirements level variability mechanism

The goal of this task is to provide ways to specify variability mechanism operationalization for

requir

ements level artefacts.

The method should support specifying requirements level variability mechanism with the following

capabi

lities:

— providing notations for specifying requirements level variability mechanism operationalization for
requirements artefacts (e.g. requirements analysis models, requirements specification);
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providing ways to specifying variability mechanisms for non-functional requirements;

allowing easy requirements bindings (e.g. by allowing variant selection in variability model carrying
over bindings in requirements artefacts);

allowing mapping to variability model from requirements artefact, using a variability mechanism.

A tool should support specifying requirements level variability mechanism by allowing the user to do
the following:

6.1.5 Prepare bindings at requirements level

describing variability mechanisms including a variation point and its variants in domain
requirements models;

specifying variability mechanisms for non-functional requirements;
providing ways to replace parts of requirements models with bound variants;

linking variability mechanisms used in requirements model with the relevant parts of variability
model so fthat the product specific requirement models can be derived automatically in accordance
with bindings.

The goal of this task is to support preparation for bindings at application requirements engineering

stage from valriability mechanism views.

The method should support preparing bindings at requirements.Jevel with the following capabilities:

preparing requirements variability bindings by providing ways for validating the binding reqults in
a variabillity mechanism dimension;

preparing the convert of a variation point within requirements model, specification or docurent to
a bound vjariant in a variability mechanism.dimension.

A tool should support preparing bindings atr€quirements level by allowing the user to do the follpwing:

6.1.6 Verify requirementslevel variability mechanism

implementing the ways for validating the binding results in a variability mechanism dimensjon;

enabling the transformation of requirements configuration based on the variability binding rjesults.

The goal of [this task_ s<to verify requirements level variability mechanisms in their selpction,

specification find utilization.

The method $hould support verifying requirements level variability mechanism with the following

capabilities:

18

confirming requirements variability mechanisms whether they can correctly implement the defined
variability dependencies;

confirming requirements variability mechanisms whether they can correctly implement the defined
constraints;

defining requirements model variability mechanism evaluation algorithm;
verifying the configurability of variability mechanisms used in requirements level;
verifying whether variability mechanisms used are appropriate to proceed architecture design;

verifying the testability of variability mechanisms used in requirements level.
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A tool should support verifying requirements level variability mechanism by allowing the user to do
the following:

6.2

6.2.1 | Purpose of variability mechanisms in domain design

making requirements artefacts including variability mechanisms available;

supporting verification whether the variability mechanism properly supports the defined variability
including dependencies and constraints;

implementing evaluation algorithm;

supporting the verification of the testability of requirements based on used variability mechanisms.

yariability mechanisnroperatiomatization for desigm

The pyrpose of this subprocess is to support variability mechanisms related tovariabilitips that will be

resolved in architecture design stage.

6.2.1.1 Inputs

6.2.1.2 Outcomes

6.2.1.3 Tasks

Variability introduced in design.
Vdriability bound at design stage.

Vdriability model in design.

Architectural decisions on binging times arée'determined and managed.
Variability mechanisms in architecturalstructure are assessed and specified.
Gyides and rules on variability meéhanisms in architectural texture is provided.
Arnchitectural structure levelbindings are performed.

Canfigurability in architectural structure is enabled.

Arichitectural structuve level variability mechanism is verified.

Make architectural decisions on binding times is to determine architectural decisions for the
stfuctural elements and texture of reference architecture affected by binding time dgcisions.

AsSess variabitity mechanisms depending on the binding time 15 to analyse varianiiity mechanisms
that realize variation points resolved at the determined binding time and deploy proper variability
mechanisms. The selection of variability mechanisms affects to easy configuration.

Define guides and rules on variability mechanisms in architectural texture is to provide guides and
rules adhered by the subsequent stages for the right construction of variability mechanisms and for
the right bindings at the member product derivation.

Specify architectural variability mechanisms is to describe variability mechanisms in architectural
artefacts (e.g. stereotype and tagged values in UML component diagram).

Prepare bindings at architecture level is to prepare bindings that a member product selects variants
consistently for which variation points are supposed to be bound at design level (e.g. right component
selection or declaring parameters for selecting right component variants).
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— Verify architectural variability mechanisms is to analyse how well the defined variability mechanism
operationalization for design support variability described and enabled in architecture design
artefacts.

6.2.2 Make architectural decisions on binding times
The goal of this task is to provide rationales and decisions for binding times at architecture level.

The method should support making architectural decisions on binding times with the following
capabilities:

— providing restrictions used for variability mechanism related decisions at architecture level;

— providing materials, architecturally important domain characteristics and available mariability
mechanigms used for binding time related decisions;

— allowing architecture level decisions on binding times with rationales.

A tool should|support making architectural decisions on binding times by allowing’'the user to|do the
following:

— providing architecture level variability mechanisms pool with restrictighs;

— allowing [the access of materials, architecturally important domaint characteristics and ppssible
variability mechanisms used for binding time related decisions;

— storing architectural level decisions on binding times with rationales.

6.2.3 Assegs variability mechanisms depending on the'binding time

The goal of this task is to assess and select an optitnal variability mechanism that appropriates for
binding time #ind the characteristics of variability im‘architecture design.

The method should support assessing variability mechanisms depending on the binding time wjith the
following cappbilities:

— reviewing the available variability>mechanisms whether they comply with the predetemined
architectfiral decisions on bindingtimes;

— assuring whether a variability mechanism fully covers the variability including dependencies and
constraints.

A tool should support agsessing variability mechanisms depending on the binding time by allow|ng the
user to do the{ followifig:

— providing detailed design level variability mechanisms pool with their general usage guidanice;

— StOI’il’lg rationales 1or variability mechanism selection.

6.2.4 Define guides and rules on variability mechanisms in architectural texture

The goal of this taskis to provide guides and rules or constraints used to execute variability mechanisms
from domain architecture stage through domain realization. Guides and rules govern the structural
elements and textural variation points planned to be bound at design time and they can govern most
bindings that will occur at later stages (e.g. regulation for macro usage).

The method should support defining guides and rules on variability mechanisms in architectural
texture with the following capabilities:

— supporting rules and constraints (e.g. bindings, application specific adaptations) descriptions for
variability mechanisms for guiding the further detailed design and realization;
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— providing different guidance in accordance with organization’s product line maturity;

— providing ways to describe rules and constraints on variability mechanisms in architectural
texture.

A tool should support defining guides and rules on variability mechanisms in architectural texture by
allowing the user to do the following:

— supporting rules and constraints descriptions for variability mechanisms in architectural texture;

— storing the defined guidance.

6.2.5

The gd

The n
capabillities:

P

Specifyarchitecturat variabitity mrechamismrs
al of this task is to provide ways to specify variability mechanisms in architecture 1

lethod should support specifying architectural variability mechanisms ‘with

oviding standard notations for dealing with variability mechanisms in‘architecturel

S

S
C

al

S

1]

A tool
follow

porting variability abstraction and expansion at the differentlayers of the domain

porting the generic representation of variability mecliahisms in architecture
sistency and traceability;

owing the configuration of member products by)providing ways to define bo

VLa‘[;iation point in accordance with the used variability mechanism;

porting different level (abstraction and expansion) configurations combine;

oviding ways to reason about valid configurations.

ng:

supporting architecture levelvariability mechanism specification with the standard

al

owing layered domain architecture specification in various variability mechanism|

supporting definition“of boundaries of a variation point in accordance with the ug

m

bchanism;

supporting répresentation of boundaries of a variation point in accordance with the uj

m

al

bchanism;

owing variability mechanisms available in domain-specific editors for proceeding

bvel artefacts.

the following

bvel artefacts;
architecture;

for achieving

indaries of a

should support specifying architeetural variability mechanisms by allowing the fiser to do the

hotations;
S;

ed variability

ed variability

fonfiguration.

6.2.6 Prepare bindings at architecture level

The goal of this task is to support preparation for bindings at application architecture design stage
from variability mechanism views.

The method should support preparing bindings at architecture level with the following capabilities:

pr

eparing variability bindings according to variability mechanisms in architecture;

preparing the convert of a variation point within architecture design model, specification or
document to a bound variant according to the used architecture level variability mechanisms;

selecting the variants in architecture structure complying with variability mechanisms;

co

nverting variation point in architecture into the concrete architecture structure.
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A tool should support preparing bindings at architecture level by allowing the user to do the following:

— storing and displaying a variation point with its variants according to variability mechanism used
in architecture design stage for supporting proper binding;

— notifying when bindings in architecture are not properly conducted.

6.2.7 Verify architectural variability mechanisms

The goal of this task is to verify architectural structure level variability mechanisms in their selection,
specification and utilization.

The method [Shoutd—support vertfytng architecturat vartabiity mechantsms withr tire fot

capabilities:

owing

— confirming variability mechanisms in architecture whether they can correctly, implemgnt the
defined vpriability dependencies;

— confirmingg variability mechanisms in architecture whether they can corfeetly implemgnt the
defined cpnstraints;

— providing model evaluation algorithm for verifying whether a variability mechanism confo
the defin¢d variability dependencies and constraints;

— verifying|the configurability of variability mechanisms used;

— verifying|the testability of variability mechanisms used.

A tool should| support verifying architectural variability miechanisms by allowing the user to

following:

— making afchitecture design artefacts including variability mechanisms available;

— supportijg the verification whether the \variability mechanisms in detailed design ar
properly support the defined variability {hcluding its dependencies and constraints;

— implementing model evaluation algotithm;

— supporting the testability verification of variability mechanisms used in architecture design.

6.3 Variabjlity mechanism’operationalization for realization

6.3.1 Purppse of variability mechanisms in domain realization

The purpose
resolvedinr

f this subprocess is to support variability mechanisms related to variabilities that
;Flization stage.

rms to

do the

Lefacts

will be

6.3.1.1 Inputs

— Variability introduced in realization.

— Domain

variability model in realization.

— Variability that will be bound at realization stage.

6.3.1.2 Outcomes

— Architectural decisions and architectural texture on realization time are extracted.

— Variabili

22

ty mechanisms in detailed design are assessed and specified.

© ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=f687736cf3225ad9898038391c709daf

6.3.1.3

E
C
in

AS
m

Sp
de

Dd
an
re

Ve
m
de

AS
m

(e
Sp
inj

En
fo

ISO/IEC 26557:2016(E)

Post-detailed design guides on variability mechanisms are provided.
Detailed design level variability mechanism is verified.

Variability mechanisms in implementation level are assessed and specified.
Realization level bindings are prepared.

Realization level configurability is enabled.

Implementation level variability mechanism is verified.

straints affecting decisions on variability mechanisms in domain realization time
application realization time.

sess detailed design level variability mechanisms is to explore, analyseand deploy proj
echanisms for encoding variation points to detailed design.

ecify detailed design level variability mechanisms is to describe variability mechanis
sign artefacts (e.g. stereotype or tagged values in class diagram and entity model).

fine post-detailed design guides on variability mechanijsms is to allow the right inj
d bindings of variability realized by variability mechanisms. A set of run time choi
configuration during system execution can be defined.

rify detailed design level variability mechanisms is to analyse how well the defi
bchanism operationalization for design support variability described and enabled
sign artefacts.

sess implementation level variability mechanismsis to explore, analyse and deploy pro
bchanisms for constructing variation points in the forms of tangible or executable in
g. modules or codes).

ecify implementation level“variability mechanisms is to describe variability n
plementation artefacts'\(elg. generics in codes).

" member products.

P
c

Verify implementation level variability mechanisms is to analyse how well the defi
mechanisms implemented support variability described and enabled in detailed de

epare bindings at realization time is to prepare bindings for a member product to g
sistentlyyfor which variation points are supposed to be bound at realization level.

i

mine architectural decisions and architectural texture on realization is to find decisions, rules and

and bindings

per variability

ms in detailed

plementation
fes for system

d variability
architecture

per variability
plementation

nechanism in

able realization time*configurability is to prepare for the easy configuration of implementations

elect variants

§

d variability

sign artefacts.

6.3.2

Examine architectural decisions and architectural texture on realization

The goal of this task is to examine the predetermined architectural decisions and textures adhered for

selecti

ng or using variability mechanisms in domain realization.

The method should support examining architectural decisions and architectural texture on realization
with the following capabilities:

— exploring detailed design and implementation options among architectural decisions and textures;

— allowing the examination of restrictions on variability in realization stage.
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A tool should support examining architectural decisions and architectural texture on realization by
allowing the user to do the following:

— providing the discrimination of realization stage relevant architectural decisions and textures
among others;

— storing restrictions on variability in realization stage.

6.3.3 Assess detailed design level variability mechanisms

The goal of this task is to assess and select an optimal variability mechanism that appropriates for
binding time and the characteristics of variability in detailed design.

The method s
capabilities:

hould support assessing detailed design level variability mechanisms with the.fellowing

reviewin ctural

decisions|

b the available variability mechanisms whether they comply with the explored archits
and textures in realization time;

assuring) encies

and const

vhether avariability mechanism fully covers the defined variabilityincluding depend
raints.

A tool should
the following

— providing

storing ra

support assessing detailed design level variability mechanismis by allowing the use

detailed design level variability mechanisms pool-iith their usage guidance;

tionales for variability mechanism selection.

r to do

6.3.4 Specify detailed design level variability mechanisms

The goal of thIE,task is to provide ways to specify variability mechanisms in detailed design artefacts.

The method s
capabilities:

hould support specifying detailed design level variability mechanisms with the following

Lefacts

providing
(i.e. diffet

standard notations forsdealing with variability mechanisms in detailed design ar
ent kinds of models that-depict static and behavioural aspects of a product line);

providing ews of

detailed ¢

ways to abstractand expand variability mechanism specification at the different v
lesign artefacts;

g fields définition for a parameter table (e.g. the name of parameter, paramete
alues);

supportiy
allowed v

- type,

allowing foeperation with configuration activity for providing suitable configuration parameters;

supporting the generic representation of variability mechanisms in detailed design for ach
consistency and traceability.

ieving

A tool should support specifying detailed design level variability mechanisms by allowing the user to
do the following:

supporting variability mechanism specification in detailed design artefacts with the standard
notations;

allowing abstraction and expansion at the variation points of detailed design artefacts using
variability mechanism in detailed design.
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6.3.5 Define post-detailed design guides on variability mechanisms

The goal of this task is to provide guides on variability mechanisms that lead post-detailed design
activities.

Post-detailed design guides on variability mechanisms include constraints and rules on activities
occurred after detailed design related to variability mechanisms used in detailed design (e.g.
implementation guides on variation point and is variants designed using inheritance and stereotyped
variability mechanisms),

The method should support defining post-detailed design guides on variability mechanisms with the
following capabilities:

— ddtermining details of constraints and rules on adhered at post detailed design stages;

— preparing parameter list for components using parameterization including relgvancies with
variability;

— prviding ways to trace the defined constraints and rules with the releyant points usjng variability
mechanism.

A tool |should support defining post-detailed design guides on variability mechanisms by allowing the
user tq do the following:

— stpring constraints and rules on variability mechanisms se.as to be referred by relevant participants;

— supporting the maintenance and usage of parametet Ijst;

— supporting traceability between the defined ‘¢onstraints/rules and the relevant|points using
variability mechanism.

6.3.6 | Verify detailed design level variability mechanisms

The gpal of this task is to verify detailed design level variability mechanisms in their selection,
specification and utilization.

The method should support verifying detailed design level variability mechanisms with|the following
capabillities:

— confirming variability:mechanisms in detailed design whether they can correctly implement the
ddfined variability d€pendencies;

— confirming yariability mechanisms in detailed design whether they can correctly implement the
ddfined constraints;

— prpviding evaluation algorithm for verifying whether a variability mechanism conforms to the
ddfined variability dependencies and constraints;

— verifying the configurability of variability mechanisms used in detailed design;
— verifying the testability of variability mechanisms used in detailed design.

A tool should support verifying detailed design level variability mechanisms by allowing the user to do
the following:

— making detailed design artefacts including variability mechanisms available;

— supporting the verification of whether the variability mechanism properly supports the defined
variability including dependencies and constraints;

— implementing model evaluation algorithm;

— supporting the testability verification of variability mechanisms used in detailed design artefacts.
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6.3.7 Assess implementation level variability mechanisms

The goal of this task is to assess and select an optimal variability mechanism that appropriates for
implementation binding time and the characteristics of variability in implementation level.

The method should support assessing implementation level variability mechanisms with the following
capabilities:

— reviewingtheavailable variability mechanisms whether they comply with the explored architectural
decisions and textures in realization time;

— assuringwhetheravariability mechanism fully covers the defined variability including dependencies

and constrainrts thaot chonld bha ot d 10 ]t atio ctagn.
Fatestrate5Sotreo e s otue T hpremeratton-5tage;

— evaluatinlg ease of binding and configuration.

A tool should pupport assessing implementation level variability mechanisms by allowing the usdr to do
the following

— providing detailed implementation level variability mechanisms pool with their usage guidahce for
selection

— storing rqtionales for variability mechanism selection.

6.3.8 SpecTy implementation level variability mechanisms
The goal of thiis task is to provide ways to specify variability me¢chanisms in implementation artgfacts.

The method should support specifying implementation levelvariability mechanisms with the following
capabilities:

— providing ways (syntax and semantic definition) for representing variability mechanigms in
implementation artefacts;

— providing ways for differentiating amofig relevant blocks within implementation artefacts (e.g.
coloured plock for relevant codes);

— allowing pasy of achieving the consistency and traceability of variability between implementation
artefactsfand variability mode].

A tool should|support specifyihg implementation level variability mechanisms by allowing the fiser to
do the following:

— providing variability. mechanism representation in implementation artefacts;

— providing explicit representation for differentiating variability mechanism relevant bourjdaries
from othgrs;

— maintaining trace links between the variation points specified using variability mechanism in
implementation level and variability model.

6.3.9 Enable implementation level configurability
The goal of this task is to prepare for producing member products’ configurations.

The method should support enabling implementation level configurability with the following
capabilities:

— incorporating variability mechanisms into domain detailed design (i.e. interface, component) with
ways to derive configurations for member products;
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fferent aspect configurations for providing integrated view of them;

preparing configuration parameters for variability mechanisms using parameters;

providing ways to reason about valid configurations in detailed design level.

allowing the derivation of the detailed design models (i.e. static and behavioural models) and

A tool should support enabling implementation level configurability by allowing the user to do the

follow
re
al

m

6.3.10

The g
variab

The m

se

— copverting variation point in detailed design artefacts into those for a member prody

A tool

st
in

6.3.11

The g

specifi

The m
capabi

ng

ing:

resenting boundaries of a variation point in accordance with the used variability

defining boundaries of a variation point in accordance with the used variability mechanism;

mechanism;

owing variability mechanisms available in domain-specific editors for proceeding

hking preparation for code generation at detailed design level based the definéd pa

Prepare bindings at realization time

ility mechanism views.

bring and displaying a variation point with its variants according to variability me
detailed design stage for supporting-proper binding;

tifying when bindings at realization are not properly conducted.

Verify implementation level variability mechanisms

cation and utilization:

ethod should, support verifying detailed design level variability mechanisms with
lities:

confirming-variability mechanisms in implementation (e.g. variability mechanig

al of this task is to support preparation for bindings at applieation realizatig

bthod should support preparing bindings at realization time with the following cap|

ecting the variants in detailed design artefacts complying with variability mechan

pal of this task is toverify implementation level variability mechanisms in th

onfiguration;

rameter table.

n stage from

abilities:
isms;

ct.

should support preparing bindings at realization time by allowing the user to do thje following:

chanism used

eir selection,

the following

ms in codes,

compaenent, modules) whether they can correctly implement the defined variability dependencies;

defined constraints;

defined variability dependencies and constraints;

ve

rifying the testability of variability mechanisms used in implementation.

implement the

providing evaluation algorithm for verifying whether a variability mechanism conforms to the

A tool should support verifying detailed design level variability mechanisms by allowing the user to do

the fol

lowing:

— visualizing variability mechanism included implementation;

— supporting the verification of whether the variability mechanism properly supports the defined
variability including dependencies and constraints;
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— supporting the testability verification of variability mechanisms used in implementation.
6.4 Variability mechanism operationalization at compile time

6.4.1 Purpose of variability mechanism operationalization at compile time

The purpose of this subprocess is to support variability mechanisms related to variabilities that will be

resolved during compilation.

6.4.1.1 Inputs

— Variabilitfy bound at compile time.
— Domain vfariability model.

— Applicatipn variability model.

6.4.1.2 Outicomes

— Architectyiral decisions and architectural texture on compile time are extracted.
— Variability mechanisms at compile time are assessed and specified.

— Post-compilation guides on variability mechanisms are provided.

— Compile time bindings are performed.

— Configurdbility in compile time is enabled.

— Compile time variability mechanism is verified.

6.4.1.3 Tasks

— Examine qrchitectural decisions and architectural texture on compile time is to find decisions
and consfraints affecting decisions onWariability mechanism operationalization at compile t

— Assess colnpile time variability .mtechanisms is to explore, analyse and deploy proper vari
mechanigm for generating different configurations of member products.

— Specify cdmpile time variability mechanisms is to describe variability mechanisms in artefac

, rules
ime.

ability

ts that

include variability thatwill be bound at compile time (E.g. directives and macros for condfitional

compilatipn).

— Enable compiletime configurability is to prepare for the easy configuration of compiled obje
member products.

cts for

— Prepare bindings at compile time is to allow a member product to select variants consistently for

which variation points are supposed to be bound at compile time.

— Verify compile time variability mechanisms is to analyse how well the defined variability mechanisms

at compile time support variability described and enabled in compilation artefacts.

6.4.2 Examine architectural decisions and architectural texture on compile time

The goal of this task is to find rules and constraints on the usage of variability mechanism

operationalization at compile time defined in architectural texture.
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method should support examining architectural decisions and architectural texture on compile

time with the following capabilities:

describing architecture rules in architectural texture for constraining admissible compile time
variability mechanisms;

exploring architecture rules among architectural decisions and textures;

examining restrictions on the usage of variability mechanism operationalization at compile time.

A tool should support examining architectural decisions and architectural texture on compile time by
allowing the user to do the following:

6.4.3 | Assess compile time variability mechanisms

The

compilation binding time and the characteristics of variability.

The

capa

prpviding description ways for architectural rules related to compile time variabilitymechanisms;

stpring restrictions on the usage of variability mechanism operationalization at'compile time.

gagal of this task is to assess and select an optimal variability mechanism that appropriates for

nlﬁethod should support assessing compile time variabjlity/ mechanisms with the following
billities:

reyiewing the admissible variability mechanisms whether they comply with the characteristic of
variability;

aspuring whetheravariability mechanism fully cevers the defined variability including/dependencies
anld constraints.

A tool[should support assessing compile time*variability mechanisms by allowing the yser to do the

follow|ng:

6.4.4 | Specify compiletime variability mechanisms

The

compile time.

The

prpviding compile time variability mechanisms pool with their usage guidance (e.g. wthere and how
variability mechanisms have tg.be applied);

stpring rationales for variability mechanism selection.

gpal of this task is to provide ways to specify variability mechanism operatidnalization at

method=should support specifying compile time variability mechanisms with the following

capabillities:
representing (syntax and semantic definition) variability mechanisms in the artetacts, of which

binding times are compile time;

allowing easy of achieving the consistency and traceability of variability between artefacts including
variability related to compile time binding and variability model.

A tool should support specifying compile time variability mechanisms by allowing the user to do the
following:

supporting notation for variability mechanism representation in the artefacts including variability,
of which binding times are compile time;

maintaining trace links between variability specified using compile time variability mechanism
and variability model.
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6.4.5 Enable compile time configurability

The goal of th

is task is to prepare the configurations of member products.

The method should support enabling compile time configurability with the following capabilities:

— incorporating variability mechanisms into domain artefacts (e.g. macros or conditional compilation
constants in codes) with ways to derive configurations for member products;

configurations;

The goal of
mechanism v

The method s
— selecting

convertin

re bindings at compile time

this task is to support preparation for bindings at compilé time from vari
ews.

hould support preparing bindings at compile time with-the following capabilities:
the variants at compile time complying with varidbility mechanisms;

g variation point in domain artefacts of which.binding times are compile time intg

for a menjber product.

A tool should

storing a
mechanig

— notifying

6.4.7 Verif

The goal of t}
and utilizatio

The method
capabilities:

verifying

support preparing bindings at compile time by allowing the user to do the followin

hd displaying a variation point with its variants according to compile time varfi
m for supporting proper binding;

when bindings are not properly conducted.

’ compile time variability mechanisms

is task is to verify compile time variability mechanisms in their selection, specif
.

should sstpport verifying compile time variability mechanisms with the fol

thie selection of compile time variability mechanisms (adhering the architecture ry

providing ways (e.g. parameters in conditional compilation) to generate different object file

ing:

etting

ability

those

o

ability

cation

owing

les);

codes) whether they can correctly implement the defined variability dependencies;

defined constraints;

defined variability dependencies and constraints;

verifying

the testability of variability mechanisms used in compilation.

confirming variability mechanisms at compile time (e.g. compile time variability mechanisms in

confirming variability mechanisms at compile time whether they can correctly implement the

providing evaluation algorithm for verifying whether a variability mechanism conforms to the

A tool should support verifying compile time variability mechanisms by allowing the user to do the

following:

— visualizing variability mechanisms related to compilation;
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— supporting the verification of whether the variability mechanism properly supports the defined
variability including dependencies and constraints;

— supporting the testability verification of variability mechanisms used in compilation.

6.5 Variability mechanism operationalization at post-compile time

6.5.1

Purpose of variability mechanism operationalization at post-compile time

The purpose of this subprocess is to support variability mechanisms related to variabilities that will be
resolved during linking and loading.

6.5.1.1

— V3
— D

6.5.1.2
— Ar
— Wa
— Pad
— P
— (o
— Po

6.5.1.3

— EX
fo
de

— Af
m

se

Inputs
riability bound at link time.
main variability model.

plication variability model.

Outcomes
chitectural decisions and architectural texture affecting post-compile time are extrac
riability mechanisms at post-compile time are assegsé€d and specified.
rameter table for post-compile time reconfigurdtion is refined.
st-compile time bindings are performed.
nfigurability at post-compile time is enabled.

st-compile time variability mechanism is verified.

Tasks

amine architectural decisions and architectural texture affecting post-compile time
'ms of post-compilation bindings and to know how and where a member produgd
ployed.

chanisms that make possible to build and deploy different sequence of component

quénee of linkages.

fed.

is to find the
t is built and

sess post-compile time variability mechanisms is to explore, analyse and deploy proper variability

5.

ecify-link time variability mechanisms is to describe variability mechanisms that make different

— Specify load time variability mechanisms is to describe variability mechanisms that makes the
different combinations of configurations.

— Specify deployment time variability mechanisms is to describe variability mechanisms in deployment
and installation scripts that include variability that will be bound at run time.

— Enable post-compile time configurability is to prepare for the easy reconfiguration or redeployment

of

executables for a member product (e.g. makefile generator).

— Prepare bindings at post-compile time is to allow a member product to select variants consistently for
which variation points are supposed to be bound at post-compile time.

— Verify post-compile time variability mechanism is to analyse how well the defined variability
mechanisms at post-compile time.
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6.5.2 Examine architectural decisions and architectural texture affecting post-compile time

The goal of this task is to find rules and constraints on the usage of variability mechanism
operationalization at post-compile time defined in architectural texture.

The method should support examining architectural decisions and architectural texture affecting post-
compile time with the following capabilities:

mechanis

ms in link time (e.g. sequences and dependencies among binary components);

describing architecture rules in architectural texture for constraining the use of variability

describing architecture rules in architectural texture for constraining the use of variability

o nlaad (o g vrulac fo bhoright localigoation oA 213 afcaonfia ]
_mecha_m ms-tead-time-fe-g—rulesfor-therightlocalizationandinitialization-of configuration files
including varlablllty)
— exploring architecture rules related to post-compile time binding among architectiital defisions

and textu

examinin

A tool shoulg
compile time

— providing
— providing

storing re

6.5.3 Asseq

The goal of th
compile time

The method
capabilities:

reviewin
variabilit

assuring)
and const

A tool should
the following

— providing

Ires;

support examining architectural decisions and architecturdl“texture affecting
by allowing the user to do the following:

description ways for architectural rules related to link time variability mechanisn

strictions on the usage of variability mechanisi/operationalization at post-compil

s post-compile time variability mechanisms

binding and the characteristics of vartability.

hould support assessing post<ompile time variability mechanisms with the fol

b the admissible variability mechanisms whether they comply with the character
;

vhether a variability mechanism fully covers the defined variability including depend
raints.

support-assessing post-compile time variability mechanisms by allowing the use

poest-compile time varlablhty mechamsms pool with their usage guidance (e.g. whe

b restrictions on the usage of variability mechanism operationalizationdbpost-compile time.

F post-

1S;

description ways for architectural rules related todoad time variability mechanisyns;

b time.

s task s to assess and select an optimal variability mechanism that appropriates fgr post-

owing

stic of

encies

- to do

re and

how vari

laals L. L Ry
UlllL_y lllCLllalllDlllD uavc LU UT ayyucu),

— storing rationales for variability mechanism selection.

6.5.4 Speci
The goal of th

fy link time variability mechanisms

is task is to provide ways to specify variability mechanisms in link time.

The method should support specifying link time variability mechanisms with the following capabilities:

time variability;

variability related to link time binding and variability model.
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representing variability mechanism for supporting different linkages (e.g. makefile) related to link

allowing easy of achieving the consistency and traceability of variability between artefacts including
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A tool should support specifying link time variability mechanisms by allowing the user to do the

following:

supporting notation for variability mechanism representation in the artefacts (e.g. makefile)
including variability, of which binding times are link time;

maintaining trace links between the variability specified using link time variability mechanism and
variability model.

6.5.5 Specify load time variability mechanisms

The goal of this task is to provide ways to specify variability mechanisms in load time.

The method should support specifying load time variability mechanisms with the followir]g capabilities:

representing variability mechanism for supporting different loadings (e.g. configuration file);

allowing easy of achieving the consistency and traceability of variability between artefacts including
variability related to load time binding and variability model.

A tool|should support specifying load time variability mechanisms_/by allowing the ulser to do the

follow]ng:

6.5.6 | Specify deployment time variability niéchanisms

supporting notation for variability mechanism representatien’in the artefacts including variability,
offwhich binding times are load time;

maintaining trace links between the variability specified using load time variabilify mechanism
arld variability mode.

The gqal of this task is to provide ways to specify variability mechanisms in deployment tlime.

The
capab

rrJlethod should support specifying-deployment time variability mechanisms with |the following
flities:

representing variability mechanism in artefacts related to deployment time variability;

allowing easy of achieving the consistency and traceability of variability between artefacts including
variability related to-deployment time binding and variability model.

A tool|should suppértspecifying deployment time variability mechanisms by allowing the user to do

the following:

supporting notation for variability mechanism representation in the artefacts including variability,
offwhieb/binding times are deployment time;

maintaining trace liNKS between the variability speciiied using deployment time variability
mechanism and variability mode.

6.5.7 Enable post-compile time configurability

The goal of this task is to prepare the configurations of member products.

The method should support enabling post-compile time configurability with the following capabilities:

incorporating variability mechanisms into post-compile artefacts (e.g. makefile, configuration file)
with ways to derive configurations for member products;

providing ways (e.g. parameters in makefile) to generate different executable configurations;

providing ways to reason about valid configurations at post-compile time.
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A tool should support enabling post-compile time configurability by allowing the user to do the

following:

— generating executable configuration in accordance with the defined ways (e.g. dialog box for setting

condition

al constants);

— validating the generated executable configurations.

6.5.8 Prepare bindings at post-compile time

The goal of this task is to support preparation for bindings at post-compile time from variability
mechanism views.

The method s

— selecting
complyin

convertin
time into

A tool should

— storing and displaying a variation point with its variants according\to post-compile time varfi

mechanis

— notifying

6.5.9 Verify

The goal of
specification

The method
capabilities:

verifying
architect

defined v

defined c

providing

confirming variability mechanisms at post-compile time whether they can correctly supp

confirming variability: mechanisms at post-compile time whether they can correctly supp

the variants at post-compile time (e.g. parameter values in makefile and configurati
b with variability mechanisms;

g variation point in post-compilation artefacts, of which binding times are post-c
those for a member product.

support preparing bindings at post-compile time by allowing-the user to do the foll
m for supporting proper binding;
when bindings are not properly conducted.

y post-compile time variability mechanism

this task is to verify post-compile time variability mechanisms in their sel
hnd utilization.

should support verifying post-compile time variability mechanisms with the fol

lire rules);

hriability dependencies;

bnstrairts;

evaluation algorithm for verifying whether a variability mechanism confirms the d

variabilit

hould support preparing bindings at post-compile time with the following capabilitlies:

bn file)

bmpile

bwing:

ability

pction,

owing

the right selection ef\post-compile time variability mechanisms (adherigg the

brt the

rt the

efined

dependencies and constraints;

verifying

the testability of variability mechanisms used in post-compilation.

A tool should support verifying post-compile time variability mechanisms by allowing the user to do

the following:

visualizing variability mechanisms related to post-compilation;

variability including dependencies and constraints;
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supporting the testability verification of variability mechanisms used.

supporting the verification of whether the variability mechanism properly supports the defined
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6.6 Variability mechanism operationalization at run time

6.6.1 Purpose of variability mechanism operationalization at run time

The purpose of this subprocess is to support variability mechanisms related to variabilities that will be
resolved during execution. Selecting variants at start-up and user preference setting is typically used
run time binding example. Variability mechanism operationalization at run time should allow user
intervention or automatically detect context conditions such as self-adaptive and self-healing system:s.

6.6.1.1 Inputs

— Var iabihty botudatrumrtinre:
— Dgmain variability model.

— Application variability model.

6.6.1.2 Outcomes
— Architectural decisions and architectural texture affecting run timé-‘econfiguration are|extracted.
— Vdriability mechanism operationalization at run time are assessed and specified.
— Ryn time reconfiguration decisions are defined and managed.

— Ryn time bindings are performed.

— Cdnfigurability in run time is enabled.

— Ryn time variability mechanism is verified.

6.6.1.3 Tasks

— EXamine architectural decisionssdnd architectural texture affecting run time reconfiguration is to
capture decisions and rules related to the run time changes or parts modified during|execution.

— Asfsessrun timevariability méchanismis to explore, analyse and deploy proper variability mechanisms
thpt make possible ta.execute different interfaces or different components among the loaded
executables for execution.

— Enable run time'configurability is to prepare for the easy configuration of the different gxecutions for
member produets.

— Priepare<bindings at run time is to allow a member product to select variants consistently for which
variation points are supposed to be bound at run time.

T ' ' bttty mechanism
operationalization at run time support variability described and enabled in run time artefacts.

6.6.2 Examine architectural decisions and architectural texture affecting run time
reconfiguration

The goal of this task is to find rules and constraints on the usage of variability mechanism
operationalization at run time defined in architectural texture.

The method should support examining architectural decisions and architectural texture affecting run
time reconfiguration with the following capabilities:

— describing architecture rules in architectural texture for constraining admissible run time
variability mechanisms;
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— exploring architecture rules among architectural decisions and textures;
— examining restrictions on the usage of variability mechanism operationalization at run time.

A tool should support examining architectural decisions and architectural texture affecting run time
reconfiguration by allowing the user to do the following:

— providing description ways for architectural rules related to run time variability mechanisms;

— storing restrictions on the usage of variability mechanism operationalization at run time.

6.6.3 Assess run time variability mechanism

The goal of thlis task is to assess and select an optimal variability mechanism that appropriatés)for run
time binding #nd the characteristics of variability.

The method should support assessing run time variability mechanism with the following capabilities:

— reviewing the admissible variability mechanisms whether they comply withythe character|stic of
variabilitly;

— assuring whetheravariability mechanism fully covers the defined variability including dependencies
and consfraints.

A tool should $upport assessing run time variability mechanism by alloewing the user to do the follpwing:

— providing run time variability mechanisms pool with theirjusage guidance (e.g. where and how
variability mechanisms have to be applied);

— storing rgtionales for variability mechanism selection:

6.6.4 Enable run time configurability

The goal of thiis task is to prepare the configurations of member products.

The method should support enabling runtime configurability with the following capabilities:

— providing technology to combine.components at run time (e.g. registry);

— evaluating configuration parameter values at run time.

A tool should pupport enabling/run time configurability by allowing the user to do the following:
— supporting the contbination of variable components into the system at run time;

— supporting thevalidation of run time re-configuration.

6.6.5 Preparebindings-atruntime
The goal of this task is to support preparation for bindings at run time from variability mechanism views.
The method should support preparing bindings at run time with the following capabilities:

— providing the ways to register components (e.g. initialization mechanism to register components to
registry) with interfaces to be bound at run time;

— combining components to different components in accordance with the needs of a member product.
A tool should support preparing bindings at run time by allowing the user to do the following:
— initializing components with their required interfaces for run time binding;

— notifying when bindings are not properly conducted.

36 © ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=f687736cf3225ad9898038391c709daf

6.6.6

ISO/IEC 26557:2016(E)

Verify run time variability mechanism

The goal of this task is to verify run time variability mechanisms in their selection, specification and
utilization.

The method should support verifying run time variability mechanisms with the following capabilities:

— verifying the right selection of run time variability mechanisms (adhering the architecture rules);

— confirming variability mechanism operationalization at run time whether they can correctly
support the defined variability dependencies;

S

port the defined constraints;

oviding evaluation algorithm for verifying whether a variability mechanismconfiry

variability dependencies and constraints;

— ve

A tool
follow

— Vi

rifying the testability of variability mechanisms used in run time.

should support verifying run time variability mechanisms by allowing the u
ng:

bualizing variability mechanisms related to run time;

— S

porting the verification of whether the variability meéchanism properly support

variability including dependencies and constraints;

— s
6.7

6.7.1

The py
resolv

6.7.1.1

— Te
— V3
— V3
— Dd

porting the testability verification of variability mechanisms used.
yariability mechanism operationalization for test artefacts

Purpose of variability mechanism operationalization for test artefacts

rpose of this subprocess is to support variability mechanisms related to variabiliti
bd during testing.

Inputs

st strategy both-erganization level and product line level.

riability mechanisms relevant decisions made in requirements, architecture and r¢
riability.of which binding time is testing stage.

mainvariability model.

can correctly

hs the defined

ser to do the

s the defined

bs that will be

balization.

— Application variability model.

6.7.1.2 Outcomes

— Decisions on variability mechanisms in test relevant development stages are extracted.

— Variability mechanisms at test level are assessed and specified.

— Bindings at testing stage are performed.

— Reusability in testing is enabled.

— Test level variability mechanism is verified.
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6.7.1.3 Tasks

— Examine test strategy on variability mechanisms is to find ways for achieving variability in test
artefacts in line with test strategic decision.

— Assess the decisions on variability mechanisms of requirements, architecture and realization is to
explore and analyse variability mechanisms used in requirements engineering, architecture and
realization artefacts for the proper dealing with the variability in test artefacts.

— Specify variability mechanisms in each test level is to describe variability mechanisms in unit test,
integration test and system test artefacts for domain.

Enable re scabhilif i tactipm g ic tn oyt thn Ao oy e cn AfF o ot A f el ag ot oot ok fa e 10 11 e Wlth
SOty HtEStHIG TS tO-SHP POt €asSy FeusSe- a5t orrerevaht e sSeatrterattesH i

the configuration of member products.

— Prepare hindings at test stage is to allow a member product to select variants consistehtly forjwhich
variation|points are supposed to be bound at testing level.

— Verify vatfiability mechanism operationalization for test artefacts is to analyseiow well the defined
variability mechanism operationalization for test artefacts stage support varidbility described and
enabled ih test artefacts.

6.7.2 Examnline test strategy on variability mechanisms

The goal of thils taskis to find strategic decisions on the usage of variability mechanism operational]zation
for test artefacts stage.

The method $hould support examining test strategy on variability mechanisms with the following
capabilities:

— providing description ways to variability mechanisim related strategy in test strategy;

— examininyg rules, constraints or decisions pfi’variability mechanisms in organizational leyel test
strategy;

— identifyinjg restrictions on variability-mechanisms in test in accordance with product line test
strategy |e.g. sample application-'strategy does not use variability mechanisms in test felated
to variable domain artefacts. It only uses variability mechanisms for implementing varjability
introducdd in test).

A tool should pupport examining test strategy on variability mechanisms by allowing the user to[do the
following:

— supporting the désoription of variability mechanism related strategy (e.g. elements in template);

— sharing t¢ststrategy with relevant participants both organization level and product line level;

9%

— storing examined test strategy on variabllity mechanisms.

6.7.3 Assess the decisions on variability mechanisms of requirements, architecture and
realization

The goal of this task is to assess variability mechanisms used for implementing variability bound
at requirements, architecture and realization stage respectively, so as to select proper variability
mechanism operationalization for test artefacts.

The method should support assessing the decisions on variability mechanisms of requirements,
architecture and realization with the following capabilities:

— evaluating decisions on variability mechanism operationalization for requirements engineering
objectively;
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— providing objective evaluation for decisions on variability mechanisms in architecture;
— evaluating decisions on variability mechanism operationalization for realization objectively;
— selecting and/or recommending proper variability mechanism operationalization for test artefacts.

A tool should support assessing the decisions on variability mechanisms of requirements, architecture
and realization by allowing the user to do the following:

— accessing decisions on variability mechanisms in requirements, architecture and realization;

— accessing defined rules, constraints and guides related to variability mechanisms;

— refording evaluation results;

— stpring information of selected variability mechanism operationalization for testaart¢facts.

6.7.4 | Specify variability mechanisms in each test level

The gqal of this task is to provide ways to specify variability mechanisms/in unit testing, integration
testing and system testing artefacts.

The mlethod should support specifying variability mechanisms.in)each test level with [the following
capabillities:

— representing variability mechanisms in test artefactsforthe used variability mechanisms;
— representing variability mechanism in test artefa€ts for test variability;

— allowing easy of achieving the consistency andtraceability of variability between arteflacts including
test level variability and variability model.

A tool fhould support specifying variability.mechanisms in each test level by allowing the|user to do the
follow]ng:

— s:lpporting notation for variability mechanism representation in the test artefdcts including
variability;

— maintaining trace links between specified test variability and variability model.

6.7.5 | Enable reusability in testing

The gqgal of this task'is to support the reusability of test assets by organizing them well-coordinated
with the configurations of member products.

The mgthod should support enabling reusability in testing with the following capabilities

— dep]nping wavys to trace vnrinhi]i‘ry in test assets with variabilitvin dpvp]npmpn‘r asdets;

— selecting test assets for testing configurations at unit test, integration test and system test level.
A tool should support enabling reusability in testing by allowing the user to do the following:
— implementing ways to trace variability in test assets with variability in development assets;

— providing automatic selection for test assets in line with configurations at unit test, integration test
and system test level.

6.7.6 Prepare bindings at test stage

The goal of this task is to support preparation for bindings at each test level from variability
mechanism views.
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The method should support verifying run time variability mechanisms with the following capabilities:

providing ways to make correct binding in testing in accordance with the binding results in
development stages;

completing the test assets including variability;

preparing correct bindings for test variability (test variability means a variability for allowing
different test coverage, test techniques, etc.).

A tool should support verifying run time variability mechanisms by allowing the user to do the
following:

— linking bi|nding information of development stage to test assets including relevant variabilit

presentin

6.7.7 Verif

 variability mechanism operationalization for test artefacts

The goal of this task is to verify variability mechanisms in test for their selection, specificati
utilization.

The method s

verifying

hould support verifying run time variability mechanisms with the following capab

the right selection of run time variability mechanisms{adhering the architecture 1

confirming variability mechanism operationalization at<ruh time whether they can co

supportt

he defined variability dependencies;

confirming variability mechanism operationalization”at run time whether they can co

support t

providing
variabilit

verifying

A tool should
following:

7

visualizin

supportiy
variabilit

supportiy

he defined constraints;

evaluation algorithm for verifying whether a variability mechanism confirms the d
y dependencies and constraints;

the testability of variability mechanisms used in run time.

support verifying ruf time variability mechanisms by allowing the user to

g variability mechanisms related to run time;

g the verification of whether the variability mechanism properly supports the d
y including’dependencies and constraints;

g thetestability verification of variability mechanisms used.

g binding information (e.g. dependency, constraints, relevant rules) for test variabitty.

n and

lities:
ules);

'rectly

'rectly

efined

Ho the

efined

Variabi

1ty mechanism support

For the correct operation of variability mechanisms variability mechanisms used should have traces
with relevant variability in variability model. When variability mechanisms are applied to variability
realization, decisions related to bindings should be made and documented so that application
engineering stages adhere or refer those decisions when bindings occur.

Variability mechanism support provides the following supports:

40

relating variability mechanism to variability model;

quality assurance for variability mechanism;

binding time decision support;
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