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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,
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Introduction

The major purpose of this International Standard is to deal with the capabilities of tools and methods of
software and systems product line (SSPL) Technical Management. This International Standard defines
how the tools and methods can support for the software and systems product line-specific technical
management processes. Since product lines deal with multiple products that have similarities,
product lines have an unprecedented level of technical management complexities. This arises from the
following sources:

There are inherent differences in technical considerations because there are parallel development

processes, domain and application engineering, in a product line and the two processes are tightly

re

T}
hi

T}

Technj
line in
quality
actual
applic

There
involv
metho
the sy
proceg

ated with each other around assets.

e close relationships among domain engineering, application engineering, and asse
bhly matured managerial capabilities for addressing relationships amongthem.

ts require the

ere are lack of tools and methods to support the product line-specifi¢-téchnical majnagement.

cal management provides management support for a timely and proper deploym¢
balance with pre-defined product line objectives such as reusdbility, reducing cd
b, etc., as well as its planned cost, schedule, and resourcesyTechnical managem
means used to support, monitor, and control the activities of both domain en
ition engineering of a product line.

are needs for defining product line-specific technical management processes that
bd product line disciplines with those for a single’product. Furthermore, suppor;
ds are required so that a product line organization can perform technical mana
tematic control of complexities. This International Standard addresses the produd
ses in technical management by dividingthose into process management, variabilit)

asset 1

nanagement, and support management ‘areas with the guidance of a set of tools

capabilities for supporting tasks for produ¢tline technical management.

This International Standard is intended to benefit people who acquire, supply, develop
maintain tools and methods for product line technical management. This International St
used i one or more of the following modes:

By

pr
to

By
to

ISO/IE
charad

an organization intended to implement product lines—to understand, adopt, :
ocesses, tools,andmethods for productline technical management. Thisalso helps th
evaluate and select relevant tools and methods based on business and user-related

a tool vendorwho facilitates or leverages product line engineering practices—to p
pl capabijtities that should be embodied in a tool for supporting productline technical

C 26550 addresses both engineering and management processes and coy

ent of product
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ent addresses
bineering and
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t of tools and
bement under
t line-specific
management,
and methods

operate, and
hindard can be

ind enact the
P organization
criteria.

Fovide a set of

management.

rers the key

teristics of product line development. ISO/IEC 26550 provides an overview of t

intern.

consecutive
he model:

Processes and capabilities of methods and tools for product line scoping, domain requirements

engineering, and application requirements engineering are provided as ISO/IEC 26551.

pr

ovided as ISO/IEC 26552.

are provided as ISO/IEC 26553.

application verification and validation are provided in ISO/IEC 26554.

International Standard.
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Processes and capabilities of methods and tools for domain realization and application realization

Processes and capabilities of methods and tools for domain verification and validation and

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

vii


https://iecnorm.com/api/?name=e3dac444c4df591db7832a72ae522caa

ISO/IEC 26555:2015(E)

— Processes and capabilities of methods and tools for organizational management are provided in this
International Standard.
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Software and systems engineering — Tools and methods
for product line technical management

1 Scope

This International Standard deals with the tools and methods of technical management for software
products, software services, software-intensive systems (including System Architecture and excluding

hardw

En
an
th

He
an

P

This In
manag

NOTE

are) within a product line. The scope of this International Standard is as follows:

able the users of this standard to holistically understand, adopt, and enact/the pr
d methods for product line technical management. In addition, this Intermational S
e users evaluate and selectrelevant tools and methods based on business dnd user-r¢

Ip productline engineers, developers, and tool vendors become informed about capal
d methods that are required for supporting product line implemehntation from tech

ovide productline-specific processes and capabilities of tools and'methods in technical

ternational Standard does not concern processes and capabilities of tools and method
ement for a one-of-a-kind system but rather deals with those belonging to a family of]

System Architecture is a set of logical and physieal principles used to achieve a missior

enviropment. From System Architecture are derived components that can be subsystems, soft

human
boards|
softwa
parts a

2 N

tbased products like crew or operators or hardware product like mechanical structy

chemicals, etc. The scope of the Internatiomal Standard spans from the system, to su
e products. Other types of components and ‘especially those related to human beings ar
Ire not within the scope of this International Standard.

prmative references

bcesses, tools,
tandard helps
lated criteria.

pilities of tools
jical aspects.

management.

s for technical
systems.

within a given
vare products,
res, electronic
b-systems, and
d to hardware

The following documents, in whole or in part, are normatively referenced in this document and are

indisp
refere

There

bnsable for its applicatien. For dated references, only the edition cited applies

hre no normatiye references cited in this document.

3 Terms and-definitions

For th{
3.1

e pukposes of this document, the following terms and definitions apply.

For undated

nces, the latest edition of the referenced document (including any amendments) applies.

application engineering process
processes for developing a member product in a product line

3.2

attached process
process definitions how each asset will be used in application

Note 1 to entry: The set of attached processes are those for orchestrating the assets together into a coherent
whole application.

3.3

binding time
moment of variability resolution

©150/1
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3.4

external variability
variability that is visible to customers

3.5

domain engineering process

processes for

3.6

domain asset development

internal variability

variability de

3.7
variability b
act of determ

3.8
variability d
detailed desc
line

3.9
variability in
variation that
3.10
variability in
variation thaf]
3.11

variability m
variability im|

3.12

fined from an engineer’s perspective and is not visible to customers

nding
ning the variant of the variation point defined in the variability model

bcumentation
[iption of variability models for being used across the member products within a p,

space
occurs at the same time with different shape

time
occurs at different times

echanism
plementation methods in a product lifie for supporting assembly of domain assets

variability traceability

trace links e{
where varian

4 Referen

The technica
implementati
within a prog
schedule, and
management,
resources, iss

tablished for a variability(model both with domain assets and with application
s are bound.

ce model for product line technical management

management provides processes for addressing technical issues that arise
bn of a product line, deployment of processes, and development of assets and pr
uct linetin balance with accomplishing the objectives of a product line, the given
so forth. Technical management process group deals with variability managemenf
prdeess management, support management process for managing technical capal

roduct

assets

during
pducts
costs,
, asset
ilities,

S, and SRS that are required for SUCCeSSIul ImMpienmentation of proauct HIEs.

Tools and methods in technical management support the systematic development of product lines.
Because of profound complexity of product lines, proper tool support for domain engineering lifecycle,
application engineering lifecycle, technical management, and organizational management should be
provided so that a product line organization can control the technical complexities.

The reference model for technical management in Figure 1 is structured into four processes: process
management, variability management, asset management, and support management. Each process is

divided into s

ubprocesses and each subprocess is described in terms of the following attributes:

— the title of the subprocess;

— the purpose of the subprocess;

— the inputs to produce the outcomes;

2
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— the tasks to achieve the outcomes;
— the outcomes of the subprocess.

The capabilities of tools and methods are a list of the required support of tools and methods for
performing the tasks properly.

Process Management Variability Management Asset Management
Applying Process Enabling Variabili )
ariability Modellin e
Processes for Product Lines R 8 Asset Identification
D in Engi ing P C s .
OrTla.H.l ngineering Frocess Variability Mechanism Asset Base Implementation
DCEIIIItION

Application Engineering Variability Binding

Process Definition

Asset Validation

Variability Documentation

Applying Process Monitoring

A Ewvoluti
and Control for Product Lines sset RDfon

Variability Tracing

Applying Process Improvement

for Product Lines Variability Control and Evolution
Support Technical Quality . .
Management Management Configuration Management
Technical Risk Management Decision Management Tool Managemen

Figure 1 — Productline technical management

Produg¢t line technical management shall be conducted from a multidimensional viewpoint fhat is domain
and application engineering. As managerial targets vary according to each viewpoint| management
procegses for each of them differxMaereover, assets are used across all applications, and hencg, applications
withinfa product line shall share)common processes for deriving their applications from assets.

Produ¢t line development: tends to be performed in a parallel or distributed manner, pnd therefore
technifral management processes and related capabilities of tools/methods should He defined by
considering these aspeécts. As for variabilities, they can be managed orthogonally in drder to avoid
complexity of a product line. Variabilities can be managed orthogonally in order to avoid complexity
of a pfoduct line.' Therefore, the modeling and evolution of variabilities and their tracgabilities with
domaih/application assets should be engineered systematically balancing with its cost, [effectiveness,
and supported over the product line life cycle.

Project processes and software support processes provided in ISO/IEC 12207 are compatible with the
technical management dealt in this International Standard. However, the life cycle model management
process that is categorized in organizational project-enabling processes provided in ISO/IEC 12207 is
addressed in the process management part of this International Standard.

Because there are collaborations among groups of people in engineering and managing product lines,
some relevant processes shall support these collaborations. Process management process serves for
establishing and managing a product line organization’s capabilities of implementing product line
processes. It shall serve to do the following and to define the capabilities of tools and methods for
related support:

— Applying process enabling processes for product lines addresses the organization’s capabilities for
initiation, execution, control, and improvement of product line processes.

© ISO/IEC 2015 - All rights reserved 3
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— Domain engineering process definition establishes and maintains domain engineering processes for
product line platform development.

— Application engineering process definition defines and maintains application specific processes for
developing each application based on product line platform.

— Applying process monitoring and control for product lines aims to align domain/application
engineering processes to achieve product line goals and objectives.

— Applying process improvement for product lines serves for the assessment and improvement of
domain/application engineering processes.

he domain and annli ion-_endgineeringa life e Brocesses—o broduct line

should be managed properly. Variability management process defines how member products in a
product line ¢an vary and includes variability model management and the explicit documientation of
variability. Variability management process shall serve to do the following and to define thecapapilities
of tools and nfethods for related support:

— Variability modelling supports to maintain the integrity of domain variability model and appljcation
variability models.

— Variability mechanism supports to realize the variability of a productline in accordance wjth the
determingd binding times, rules and constraints, and domain artifacts-

— Variability binding maintains necessary binding information to achieve the efficient developrhent of
a membef product and proactive reuse of product line platfofun.

— Variability documentation supports detailed descriptions of variability models to provife the
rationale$ of variability related decisions.

— Variability tracing establishes and maintains tracelinks between elements of the variabilitymodel
and the apsociated domain/application assets.

— Variability control and evolution deals with change requests, change impact analysis, ¢hange
executior], and verification/validation fefthe change.

The asset mapagement process covers-the establishment of asset base and change management for the
assets. Domajn engineering is responsible for creating and maintaining the reusable domain|assets
that are storqd and managed in the asset base. It also manages the application assets that are{worth
generalizing and incorporating-into domain assets. Asset management process includes management
activities for ppplication assétsproduced and maintained for each member product in a produft line.
Asset managg¢ment procesSishall serve to do the following and to define the capabilities of toqls and
methods for related suppert:

— Asset identification selects asset candidates (e.g. features, models, specifications, and test|cases)
developedl in,demain/application engineering.

— Asset base implementation configures the structure of domain/application assets and makes them
easy to mine, retrieve, and manage.

— Asset validation aims to assure whether the defined strategy of asset structure has been reflected.
— Assetevolution serves to deal with change requests from domain and application lifecycle processes.

Support management process deals with generic subprocesses that support the implementation,
qualification, and automation/semi-automation of other processes. This includes subprocesses that can
be generally applied across the product line organization. Support management process shall serve to
do the following and to define the capabilities of tools and methods for related support:

— Technical quality management provides assurance about whether assets from domain and application
engineering comply with predefined quality criteria and whether domain and application
engineering processes comply with predefined provisions.

4 © ISO/IEC 2015 - All rights reserved
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— Configuration management controls the configurations of product line platform as well as
configurations of each member product in a product line.

— Decision management aims to select the best option where alternatives exist. Quantitative criteria
should be considered to achieve an objective decision.

— Technical risk management deals with risk identification, assessment, prioritization, and mitigation
to prevent failures that inhibit the achievement of business values and product line objectives.

— Tool management serves to improve productivity and quality by automation or semi-automation
of domain engineering, application engineering, technical management, and organizational
management processes.

The idlsntification and analysis of the aspects involved in product line technical managgment process
group |will enable an organization to understand the technical management pracess [group and to
formulate a strategy for the successful implementation of a product line. The technicall management
procegs group shall be defined from these aspects and product line-specific tasks’shall b¢ identified on
the basis of these aspects.

Table 1 shows the key aspects for each characteristic of product line technical management process group:

Table 1 — Key aspects for identifying product line-specific technical management tasks

Category Aspects

application engineering, assets, domaifiengineering, product managemept, platform,

R i
euse management reusablhty

Variabjlity binding, variability

management

Complexity collaboration, configuratien,’”domain architecture, enabling technology sfipport, tex-
management ture, traceability

Quality measurement and ttacking, verification and validation

management

— Application engineering: Application engineering processes provide processes f¢r developing
applications based on assets;Discrimination of domain and application engineering processes is a
urfique technical aspect of'product line development.

— Asgpset: Technical management provides managerial capabilities necessary for marnaging assets.
Agset managemefts a distinguished aspect of product line development.

— Biphding: Techinical management serves to prepare sufficient information necessary to pind variants,
so| that each) application can focus on only on application specific parts. Variability|binding is an
aspectthat distinguishes technical management of the product line development fronj that of single
pripductdevelopment.

— Collaboration: Collaboration is essential in a product line because product line engineering uses
artifacts or products developed in different organization units. Technical management enables that
people do their technical roles and responsibilities within agreed-on commitments.

— Configuration: Configurations of assets for a product line are distinguished technical aspects of
product line development. Maintaining integrity of assets is an important aspect. Configurations of
products and artifacts of a product line can be multidimensional, i.e. exist in time and space.

— Domain architecture: Technical management enables the decision for obtainingindividual component
assets of the domain architecture.

— Domain engineering: Domain engineering processes are a technical aspect that distinguishes product
line development from single product development.

© ISO/IEC 2015 - All rights reserved 5
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5

Enabling technology support: Enabling technologies for supporting efficient reuse and management
of variability and assets distinguish from single product development.

Measurement and tracking: Technical management defines tasks, tool capabilities, and method
capabilities for the product line measurement and tracking. The performance of the product line
processes should be measured aligning with the overall product line objectives. The measurement
results should be collected, and they shall be used to control product lines for the better achievement
of the product line objectives.

Platform: Technical management enables the development of a platform and the development of
applications based on the platform.

Product nramugerrernt—Product rarmagement should-trave tapabitity for defimmgamdamatysing the
measureq that make it possible to evaluate designed reusability and productivity and thereafter
coordinate a product line towards achieving its goals. These are possible under thé support of
technicallmanagement.

Reusability: Technical management monitors and controls whether the desired le¥el of reusability is
achieved jn a product line. Providing managerial support for achieving desired|level of reusaljility is
a key aspgct peculiar to product line development.

Texture: Technical management enables that application can obey the\rules defined in textures.
Managerial support for obeying textures are dealt in technical management.

Traceabiljty: There exist trace links for asset management.and variability managemlent in
technicallmanagement.

Validation and verification: Validation and verification ofassets, platform, and variability moflel are
an aspecf that distinguishes product line developmentfrom single development.

Variability: Technical management provides managerial capabilities for variability. Varfability
managenjent is a distinguished aspect of produet line development.

Process management

Because product line requires a group:of people working together and calls for repeated, orngoing,
disciplined irjteractions among separate organizational units, it is essential to make partigipants
adhere a prodess. Product line engineering relies on a high quality process definition and its effective
enactment tojachieve required fidelity. In particular, because changes on assets impact more thpn one
application, cpnfiguration and/changes should be controlled in a disciplined way and asset devglopers

should followf(the disciplines carefully. The subprocesses of process management are as follows:

Applying process'enabling processes for product lines serves to ensure the readiness for pfoduct
line prog¢ess/This subprocess provides capabilities for establishing product line pFocess

leadership{resources, and collaboration environment, and supporting product line pfrocess

assessmeéentand Haprevement:

Domain engineering process definition serves to define the commonly used processes within a
product line and make the participants share them. This subprocess is composed of tasks such as
defining, validating, and deploying domain engineering processes.

Application engineering process definition serves to define the application specific processes for
developing applications within a product line context. Application engineering processes address
how application developers develop their applications based on platform, assets, and variability
models. Application engineering processes should be tailored (if necessary) or harmonized with
domain engineering processes for right use of assets.

Applying process monitoring and control for product lines serves to measure the performance
of processes and if necessary, planning corrective actions to resolve problems for fixing the
deviations. Processes for identifying measurement objectives and process-performance objectives
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are provided. Measures correspond to the overall product line objectives are defined and their
measurement results are collected for controlling processes.

— Applying process improvement for product lines is normally proceeded by organizational process

assessment which identifies the weaknesses and strengths of the domain and application
engineering processes. Process improvement should be systematic to migrate from an as-is state
toward a to-be state.

5.1 Applying process enabling processes for product lines

Purpose of applying process enabling processes for product lines

The pfirpose of applying process enabling processes for product lines is to get ready for process
implernentation and improvement such as relevant-policies, steering groups (e.g.-SEP() for process

assessment and improvement, and resources for executing them.

Becaugse a group of people who belong to different organization units;‘Sometimep working at
geogrgphically different locations, is involved in a product line, a productdine organizdtion requires
support for communicating about domain engineering processes and obtainihg agreement on processes.
Moreoper, a centralized organization responsible for commitment, dssessment, and injprovement is

highly|required for providing integrated process enabling environment.

Inputs

Outcomes

Tasks

Dgmainandapplication processassets (e.g.documentedgpolicies, processassessmentandimprovement
aspets used in the single system development, organizational roles and responsibilitieq, etc.).

Rgsource inventory with availability.

Sitze and complexity of a product line.

Pripduct line process management group is established.

Cdmmunication and collaboration work environments are facilitated.

Priocess improvement goals-and strategies are documented.

Rdquirements for infrastructure and resources for enabling processes are defined.

Infrastructure for process-enabling is implemented and maintained.

Esgablishprocess management group is to establish the sponsorship and accountability for leading
the.process management and improvement.

— Alignresources for process improvementis to provide adequate resources for developing process assets,

performing process improvement, facilitating an environment that enables communication about
processes, and forming a basis for cooperating to solve a problem of processes. Necessary supports
for executing the established process improvement goals and strategies are identified and provided.

Govern process improvement is to monitor and control the status of process improvement and
implementation from the overall product line perspective. Process management group as a process
control tower determines appropriate actions for steering process improvement.

5.1.1 Establish process management group

The goal of this task is to establish and maintain the sponsorship and accountability for the process
management and improvement. Process management group (PMG) has responsibilities for leading the
remaining tasks of process enabling process and making necessary decisions.
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Process improvement goals and strategies for the product line are established and maintained by
productline management group. The process improvement goals and strategies reflect the improvement
needs for better achievement of product line objectives such as improving reusability, cost saving by
enhancing reusability, and etc., as well as for better achievement of organization’s business goals.

The method should support establishing product line process management group with the following
capabilities:

defining process improvement goals and strategies including high-level measures for monitoring
them based on product line objectives;

simulating achievable reusability improvement, cost reductions, efficient variability management
and etc. throughthe processtmprovement {e-g-Delphi);

coordinating the status of domain, application, and collaboration processes (e.g. AHP, ANP,CSF, Qelphi).

A tool should|support establishing product line process management group by allowing the usef to do

the following

5.1.2 Align|resources for process definition and improvements

promotiEE collaboration (or communication) environments for knowledge sharing regardlless of
geographiical location;

sharing the status of the separated and concurrent development processes, i.e. domain engineering
processeg, application engineering processes;

sharing deliverables and milestones of process improvements

The goal of fhis task is to provide the product line, organization with necessary resourges for
implementing and improving processes. The resources contain skills, budgets, and facilitjes for

executing godls and strategies.

Since in prodyict line engineering there are parallel processes, i.e. domain engineering and appljcation
engineering, aind a product line organization’is cross-functional, collaborations among organitation-
units or teanps that have different roles;and responsibilities are occurred continuously. Thefefore,

facilities enaljling communication and cellaboration among product line participants are requirdd.

The method |should support aligning resources for process definition ad improvements with the

following cappbilities:

reviewing the resources need to perform process improvement;

harmoniZing resources in the processes for the different lifecycles, i.e. domain engin¢ering,
applicatign engineering, and management;

reallocatjngyésources assigned to domain engineering and therefore the resources are shardd with
application engineering (elevating resource reusability);

establishing the plans and commitments to provide the resources.

A tool should support aligning resources for process definition and improvements by allowing the user
to do the following:

getting feedbacks (or providing feed-forwards) about resources from product line participants (e.g.
Web-based environment for collecting opinions about resources);

accessing resource list with their status (resources allocated to domain engineering, all application
engineering within a product line, and management);

providing the usage status of resources for domain engineering, application engineering, and
management respectively for reuse.

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=e3dac444c4df591db7832a72ae522caa

ISO/IEC 26555:2015(E)

5.1.3 Govern process definition and improvement

The goal of this task is to monitor and control the status of domain and application engineering process
improvement from the process management group, which is a process control tower. Product line
management group decides the appropriate corrective actions for process improvement and they get a
common understanding for those with the executive level managers.

The method should support governing process definition and improvement with the following
capabilities:

— approving, measuring, and managing process improvement;

raod Ra-aoraarizatian.

al gning nracncc 1o azaa gt 1 th o o net s 3 431
SIS ProcesSsSHApProvem et H e proaet e o gatitZation;

— refiewing the status of the process improvement.

A tool|should support governing process definition and improvement by allowing the user to do the
follow]ng:

— supporting status reports for checking whether the process improvement are o1} track (in the
case of commonly used domain engineering processes among applications, this capability] is crucial);

— allowing reference of measurements, their integration résults, and work produgts related to
proceds improvement to make informed decisions.

5.1.4 | Prepare process management and improvement

The goal of this task is to provide appropriate resources and control for process maagement and
improyement.

The npcessary resources for developing demain engineering process assets, performing process
improyement, facilitating an environmentithat enables communication about domain engineering
procegses among application engineers, farming a basis for cooperating to solve a probTem related to
domaih engineering processes, and executing the established process improvement goals find strategies
are idgntified and provided.

Procegs improvement goals and.strategies reflect the improvement needs for better a¢hievement of
produ¢t line objectives such.as-improving reusability, cost saving by enhancing reusability, and etc. as
well ag for better achievement of organization’s business goals.

The method should Support preparing process management and improvement with [the following
capabillities:

— ddfining process improvement goals and strategies including high-level measures fpr monitoring
thpm based on product line objectives;

—

— sifuldating achievable reusability improvement, cost reductions, efficient variability management
and etc. through process improvement (e.g. Delphi);

— estimating and procuring necessary resources;
— coordinating the status of domain, application, and collaboration processes (e.g. AHP, ANP, CSF, Delphi);

— optimizing resources in the processes for different lifecycles, i.e. domain engineering, application
engineering, and management.

A tool should support preparing process management and improvement by allowing the user to do
the following:

— promoting collaboration (or communication) environments for knowledge sharing regardless of
geographical location;
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— getting feedbacks (or providing feed-forwards) about resources from product line participants (e.g.
Web-based environment for collecting options (or alternatives) about resources);

— sharing the status of separated and concurrent development processes, i.e. domain engineering
processes, application engineering processes;

— sharing deliverables and milestones of process improvement.

5.2 Domain engineering process definition

Purpose of domain engineering process definition

The purpose y ISh a set of prqcesses
for domain erjgineering. Because product lines call for the disciplined interactions among the different

(be reused asthey are) and processes that can be reused after tailoring. The fundamental,goal of product
lines is reuse,|and hence processes are also reusable objects. When a product line orgahnization
processes they should provide architecture, detail description, and implementation.guides for prodesses.

Inputs
— Asetoforfganization’s standard processes, which has been published fordeveloping a single pfoduct.
— Tailoring|guidelines used for developing a single product.
Outcomes
— A sset of dgmain engineering processes is defined.

— Tailoring guidelines for processes are established.

— HarmoniAation criteria and guidelines are documented.

— All of above are shared within the product ling‘organization.
Tasks

— Define donain engineering processes-establish and maintain a set of common processes that should
be followgd by the participants of domain engineering. Because within product lines peoplg¢ work
together ¢ooperatively and €ach product is developed utilizing the same platform, every partjcipant
does theif job within the-agreed processes.

— Validate flomain engineéring processes ensure that the defined processes address the isques of
domain ¢ngineering in the product line development such as reusability, assets, varipbility,
traceability, and'so’on.

— Deploy the demain engineering processes for reuse to ensure that all participants within the product
line orga rizatiomare madeaware-thatthere-ts—a—setof industriat=str cugth standard processes,
organizational standard processes, and tailoring guidelines available to participants.

5.2.1 Define domain engineering processes

The goal of this task is to define common processes and to develop process assets that will be commonly
used by domain engineers for developing domain assets. Domain engineering processes provide
processes for developing assets and most of them are reused in application engineering. Domain
engineering processes have to provide common process architecture and detailed process definitions
to minimize the deviations among participants of domain engineering.

The method should support defining domain engineering processes with the following capabilities:

— providing templates for describing domain engineering processes (process architecture, detailed
design of processes, and implementation of processes);
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domain engineering processes;

defining processes for supporting assembly of domain assets;

oviding processes that would guide the collaborations in a product line;

modeling and documenting processes (providing templates for documentation).

defining purpose, inputs, outcomes, entry criteria, tasks, verification, measurement, and exit criteria

decomposing processes into domain engineering process elements for domain asset development;

A tool should support defining domain engineering processes by allowing the user to do the following:

P

al
ha

Proceq
among

5.2.2

The gd
domai

The m

re
in

en

w

re

oviding integrated process support environments to automate the required proces

owing electronic process documentation for the user of a process (e.g. a~web-
ndbook or an electronic process guide).

s descriptions should contain guides to handle variability, binding, reuse, and
different organization units.

Validate domain engineering processes

al of this task is to ensure the capabilities of domain engihéering processes requi
h engineering specific issues such as commonalities, variabilities, assets, and trace

bthod should support validating domain engineering processes with the following

viewing whether the defined domain engineering processesaddress necessary purp
buts, entry criteria, tasks, verification, measurement, and exit criteria;

suring that the defined domain engineering processes address variability relevant

copnfirming that the defined domain\efgineering processes can produce assets and a

1l be reused within a product line;

viewing whether the defiiéd domain engineering processes direct the estg

appropriate traceabilities¢

Atool

hould support validating domain engineering processes by allowing the user to do
iding validatiof tasks (e.g. providing web-based checklist);
hking the defined domain engineering process assets available via online;

nerating reports for the validation results.

5.2.3

Ses;

ased process

collaboration

ed to address
hbilities.

rapabilities:

se,outcomes,

tasks;

platform that

blishment of

the following:

Déploy the domain engineering processes

The goal of this task is to deploy the defined common processes for use. This task ensures that the
domain engineering processes and process assets are made available to perform domain engineering
and its accompanying management.

The method should support deploying the domain engineering processes with the following capabilities:

Sp

designing and implementing the common process asset library;

ecifying the procedures for deploying processes;

making domain engineering process assets available for use.
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Atool should support deploying the domain engineering processes by allowing the user to do the following:

assets, tailoring guides, and harmonization criteria with participants of product lines;

monitoring whether an application adheres to the relevant domain engineering processes;

allowing ability to integrate feedbacks from member applications.

5.3 Application engineering process definition

Purpose of application engineering process definition

supporting domain engineering process asset repository for sharing domain engineering process

The purpose

engineering processes are defined by reflecting application specific needs, goals, and (etc. 3

harmonizing

There are prd
with member
in parallel or
line organiza
organization

Inputs
— Organiza
Domain e
Applicati
— Tailoring
Outcomes

— Asetofay
— Applicatid

Tasks

of this subprocess is to establish the processes that fit to each application. Appl

vith the domain engineering processes.

cesses each member product shall follow whereas, there are those flexible in acco

fion. When a process is reused, there are possibilities of a\process mismatch
1nits, products, and so forth.

fional standard processes.
ngineering process assets.
bn specific needs.

guidelines.

plication engineering processes'is defined.

n engineering process assets are established and maintained.

cation
ind by

rdance

products. Furthermore, those processes collaborate with each other or are performed
independently. Fundamentally, processes should be systematically)reused in the p|

roduct
hmong

— Define application engineering processes. Application development processes are defined for

developin
applicatic
people’s g

n specificareeds such as application specific quality requirements, technical diffi

engineer

Validate @

ng processes.

Nne

g an application by reusing domain assets, binding variabilities, and addr

kills, and-so forth. Application engineering processes should be harmonized with d

essing
ulties,
omain

dcesses.

Consistency w1th domain engmeermg processes should be assured SO that the domain ob]ectlves
and strategies are appropriately addressed.

— Deploy the application engineering processes to ensure that all participants of an application
development use the defined application engineering processes.

5.3.1 Define application engineering processes

The goal of this task is to define application specific processes that will be used to develop each
application by reusing domain assets, binding variabilities, and developing application specific parts.

While harmonizing with domain engineering processes application engineering processes should
address the contextual variables of an application such as cost, schedule, quality tradeoffs, technical

12
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difficulties, and experience of the participants. Moreover, because applications interact with variability
models for variability binding, the defined application engineering processes should cover this.

With the application specific processes defined, learning about the performance of application
engineering processes can be shared with other applications within a product line and they might be
fed into domain engineering processes for improving them.

The method should support defining application engineering processes with the following capabilities:

— providing templates for describing application engineering processes (process architecture,
detailed design of processes, and implementation of processes);

— d

i . e s i pacl P .
T T L

of]
— de
— de
— ds

— m
dg

— ha
Atool

— supporting modeling and documenting application engineering processes;

— al

— al

— supporting traceability with defined domain engineering processes for harmonization.

5.3.2
engin

The gd
proces
perfor

The m
enging

THe;orT

““““ or™T K
application engineering processes;

fining processes for dealing with asset reuse;

fining processes for considering variability binding;

fining processes for addressing application specific parts;

bdeling and documenting application engineering processés (providing templates for
cumentation);

rmonizing application engineering processes with domain engineering processes.

thould support defining application engineering proeésses by allowing the user to dojthe following:

oviding templates for describing application ehgineering processes;

owing traceability with asset base totefer reuse information;

owing traceability with variabilities including models, annotations, etc.;

Validate the conformance of application engineering processes with domain
pering processes

al of this task i§ to assure that application engineering processes conform to domaijn engineering
ses, so thateadch application is consistent with domain engineering processes and thereafter the

mance of precesses and quality of a product can be predictable.

bthod Should support validating conformance of application engineering processeg
eringprocesses with the following capabilities:

with domain

— reviewing whether the defined application engineering processes address necessary purpose,
outcomes, inputs, entry criteria, tasks, verification, measurement, and exit criteria;

— ensuring that the application engineering processes adhere to mandatory parts of domain
engineering processes;

— ensuring whether or not application engineering processes reflects the application engineering

co

ntext in the product line development;

— ensuring that the defined application engineering processes satisfies the goals of a product line
organization.
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A tool should support validating conformance of application engineering processes with domain

engineering p

rocesses by allowing the user to do the following:

processes;

guiding validation procedure step by step;

constraints, and etc.;

supporting documentation for non-compliance issues.

providing an environment that supports the coordination of domain and application engineering

sharing domain engineering process assets and assets with annotations such as attached processes,

5.3.3 Depchy the application engineering processes

The goal of t
the applicatid

engineering and its accompanying management.

The method
capabilities:

— designing
specifyin
specifyin

A tool should
the following]

mining d
tailoring

allowing

5.4 Applyi
Purpose of p

The purpose
capabilities in

mining dgmain engineering process assets for reuse.

monitoring whether an application:adheres to the relevant domain engineering processes;

his task is to deploy the defined application processes for use. This task ensur¢
n engineering processes and process assets are made available to perform appl

should support deploying the application engineering processes with the fol

and implementing the application specific process asset library;
b the harmonization criteria and guidelines to reuse donain engineering process a

b the procedures for deploying processes;

support deploying the application engiftering processes by allowing the user

pmain engineering process asset\base for sharing domain engineering process
buides, and harmonization critenia;

hbility to provide feedbacks to domain engineering.

ng process monitoring and control for product lines
rocess monitoring and control

fapplying process monitoring and control for productlines is to support the organiz
planning, performance measurement, and reusability of processes.

s that
cation

owing

bsets;

to do

hssets,

ation’s

Inputs

— Product line organization’s objectives.

Collected

Outcomes

— Achieved

14

Product line process assessment framework.

data or information.

degree of process reusability is determined.

Process performance is determined,
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Plan for process monitoring and control. Process performance objectives and plans of process

monitoring and control for confirming whether or not the implemented processes are comply with
the standard processes are established and maintained. A product line objective that is able to be
characterized by processes is selected. And it is traced through tracking the process performance.

and thereafter measurements are initiated.

results are fed into the relevant processes for promoting the accomplishment.

Define process performance measures. Measures for analyzing the process performance are defined

Measure and manage process performance. Process performance results are characterized and the

Co
as
th

5.4.1

The gd
the ac

Produ
and pi
should

The m
de
pe
st
se
re
as

A tool §

prj

dg

app
sjpporting environment for collaborating and sharing plans among relevant stakehd

ordinate processes for improving reusability. Processes in the product line developmy
ets reused, and therefore reusability of processes are monitored and coordinated
e overall reusability of product lines.

Plan for process monitoring and control

al of this task is to identify the process performance objectives and e¢stablish plans f

't line objectives established at the product line initiation phase, can be characteriz
oduct measures. The product line objectives such.as reusability, productivity, an
be monitored and controlled by measuring process-performance.

termining domain/application engineefing process performance objectives
rformance objectives that are drawn frem the product line objectives and process
rategy and goals);

ecting a set of processes that will be monitored;

viewing and negotiating the objectives with the relevant stakeholders;

Kigning resources for performing the monitoring and control.

hould support plannhing for process monitoring and control by allowing the user to do

oviding different planning guides by what plans are for (i.e. for domain engineerin
lication engineering processes);

main.and application managers;

ent are major
for promoting

pr monitoring

fual results achieved by following processes. In addition, progéssSes that will be nponitored and
contrdlled are selected.

ed by process
d cost saving

ethod should support planning for process mohnitoring and control with the following capabilities:

(e.g. process
improvement

the following:

b processes or

Iders, such as

sh
br

5.4.2

daring plans 1or monitoring and controliing perrormdince or domadin engineering pr

owsing plans of monitoring and control for reusing them among applications.

Define process performance measures

cesses;

The goal of this task is to define the measures used for analysing and controlling the process
performance. Through the process cascading, relevant processes and their quantitative responsibilities,
namely performance objectives for each relevant process are assigned.

The method should support defining process performance measures with the following capabilities:

— defining measures that will be used to monitor the processes toward the defined objectives;

— Ca

scading the performance objectives to the relevant processes;
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— specifying and assigning roles for measuring process performance;

— aligning the assignment results with stakeholders;

— providing measurement templates reflecting characteristics of domain and application
engineering processes.

A tool should support defining process performance measures by allowing the user to do the following:

— providing storage for commonly used process performance measures so as to reuse and share them;

— providing access services for measures and their relevant processes;

— sharing n
domain e

5.4.3 Meas

The goal of t
performance

The method s

— character

hgineering processes.

ure and manage process performance

hnd take corrective actions to improve process performance.

hould support managing process performance with the following capabilities:

performance models);

— analysing
— reviewin
— tracking
A tool should

— calculatiq
domain, ¢

causes that tackles the achievement of process pérformance objectives;
b and negotiating the corrective actions with relevant stakeholders;
he status of corrective actions.

Support managing process performance by allowing the user to do the following:

r overall product line;

— integrating performance data fromeach of the application engineering processes for calculat

achievem

— displayin
applicatig

ent of domain engineering processes;

n, domain, or dverall product line).

5.4.4 Coordinate processes for improving reusability

The goal of tk
one of major 1

eusable assets and process reuse is important for effective reuse of core assets.

neasurement results by measurement procedures who are in charge of measurement of

his task is to analyze and translate the measurement results into-the value of grocess

izing the measurement results for analyzing process, pérformance (e.g. using grocess

g achievement results based on“process performance models of each of applifation,

ng the

b achievement results in accordance with the roles and responsibilities (e.g. vigws for

is task is to refine processes for maximizing reusability. In product lines procesges are

The method should support coordinating processes for improving reusability with the following

capabilities:

— assessing process reusability;

— deriving opportunities for improving process reusability;

— reviewing and negotiating the process improvement with relevant stakeholders;

— performing process simulation for validating the effectiveness.

A tool should support coordinating processes for improving reusability by allowing the user to do
the following:

— supporting calculation of process reusability;

16
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— tracking what processes are reused;
— facilitating (web-based) environments for the coordination among for improving process reusability;

— providing hyper-navigation service between application engineering process and relevant domain
engineering process.

5.5 Applying process improvement for product lines
Purpose of process improvement

The purpose of applying process improvement for product lines is to provide organizational capabilities in
assessfnent, change impact estimation, IMprovement plan, improvement results evaluation] of processes.

Inputs
— Change requests for domain engineering processes.

— Adtual domain and application process-performance.
Outcomes

— Assessment results are documented.

— Adtion plans for improvement are documented.

— CHanges on domain engineering processes are documénted.

Tasks

— Asfsess processes. Product lines rely heavily ofvthe adherence to processes in order to huild products
cessfully within a product line. Process assessment should be conducted for|both domain
erlgineering processes, which develop domain assets, and application engineering prqcesses, which
arg application specific processes.

imate the impact of changes on-processes. Changes on a process have impact eitheif on processes
thpt cooperate with it or on processes reused by products that are developed in parallel within a
prioduct line. Therefore, the*impact due to process changes have to be estimated Hefore making

— Plans for process improvement. Since the domain engineering processes are shared among product

lie participants\planning for improvement should be established carefully. The priorities of
provement$ishould be determined in accordance with their contributions to the afhievement of
the organization’s product line objectives.

Implement process improvements. Pilots through structuring domain subset using rfepresentative
ddniain engineering processes should be conducted before deploying the changed p1ocesses. Each
apptreatt i i ; ges should be
detected before implementing the processes throughout the product line.

— Evaluate process improvements. Product line organization ensures whether the action plans for
product improvement are appropriately implemented to all relevant parts of a product line. Metrics
for monitoring and measuring the process improvement status of a product line should be defined.

5.5.1 Assess processes

The goal of this task is to appraise the domain engineering processes periodically in order to better
understand the strengths and weaknesses of the processes. Process assessment is conducted from both
domain and application engineering aspects. Process improvement action plans should be reviewed
and negotiated with the organizational units responsible for implementing the process action plans.
Action plans for improving domain engineering processes should be reviewed thoroughly because the
changes on domain engineering processes affect to the relevant application engineering processes.
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The method should support assessing processes with the following capabilities:

defining appraisal scope of domain and application engineering processes;
determining appraisal forms for domain and application engineering processes;

planning appraisal for domain and application engineering processes;

templates for each of domain and application engineering process appraisal);

conducting appraisal for domain and application engineering processes (providing appraisal

defining action items to implement the domain and application engineering process improvements.

A tool should
allowing g

supportiy

support assessing processes by allowing the user to do the following:
lectronicdatarecording (e.g. spreadsheet) by domain and application engineeringpro

g interfaces to open or to refer the domain artifacts and application agtifacts th:

process pjroduces;

providing

real-time updates of artifact lists for the parallel assessment of dpmain and appl

engineerung processes.

5.5.2 Estin

The goal of tH
analysis incl
on domain e
analysis shou

The method
capabilities:
determin|

analyzing

identifyin

performi
pilot stra

A tool should
following:

maintain

Jate the impact of changes on processes

is task is to analyse the impacts due to changes on,domain engineering processe

jdes application engineering processes related to{the process changes. Because cl

gineering processes have impacts on multiple processes of member applications
d be performed more considerately.

should support estimating the impagt of changes on processes with the fol

ing and prioritizing candidate process improvements alternatives;

impacts due to the changes pn*domain engineering processes;

comparing alternative domain engineering processes;

g the process improvements that will be implemented;

g pilots by chioosing applications (applications can be chosen in accordance w
fegy).

support estimating the impact of changes on processes by allowing the user to

resses;

it each

cation

s. This
nanges
mpact

owing

th the

do the

cation

ngbidirectional links between domain engineering processes and their relative appl

engineering processes;

improvements;

5.5.3

storing rationales for decisions of domain engineering process improvement.

Plan process improvement

recoding impact analysis results for supporting decisions of domain engineering process

The goal of this task is to establish and maintain plans for product line process improvements based on
the process assessment and monitoring results. Process improvement performs improvement tasks in

accordance w

18

ith plans and evaluates the results against plans.
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The method should support planning process improvement with the following capabilities:

— identifying strategies for process improvement, approaches, and actions to address the identified
process improvements;

— documenting activities for process improvements;

— reviewing and negotiating plans with relevant stakeholders.

A tool should support planning process improvement by allowing the user to do the following:

sharing process improvement plans among stakeholders;

5.5.4

The gd
enging

The m
— es

— ddg
inj

— m
A tool
— sh|
— in
— ftr

— ddg

— supportingstatus reports for checking whether the process improvement are on tra
commonly used domain engineering processes among applications, this capability

of]

reporting the status of plan implementation;

updating plans.

Implement process improvements

ering processes.

tablishing action plans for domain and application engineering process improveme

fining metrics for measuring the results of thesdomain and application engine
provement;

hcking progress against action plans;

ploying process improvement throughoutthe organization;
bnitoring implementation of proces§improvements.

Khould support implementing process improvements by allowing the user to do the
Aring process improvement-action plans among stakeholders;
fegrating measurement data into the defined metrics;

hcing the measurement results with the relevant improvement plans;

cumenting.and reporting analysis results;

— S

al of this task is to establish and implement action plans for improving domain apd application

bthod should support implementing process improvements with the following capgbilities:

nts;

bring process

following:

k (in the case
is crucial);

— sharing improvements of domain engineering processes that should be commonly used by member
applications;

— allowing reference of measurements, their integration results, and work products related to process
improvement to make informed decisions;

— reporting the status of action plan implementation;

— updating and sharing action plans,

5.5.5

Evaluate process improvement

The goal of this task is to confirm the effectiveness and efficiency of process improvement. Metrics for
evaluating the effectiveness and efficiency of product line process improvement should be defined.

©150/1

EC 2015 - All rights reserved

19


https://iecnorm.com/api/?name=e3dac444c4df591db7832a72ae522caa

ISO/IEC 26555:2015(E)

The method should support evaluating process improvement with the following capabilities:

— defining metrics;

— measuring the results;

— analysing the measurement results;

— incorporating lessons learned into the product lines.

A tool should support evaluating process improvement by allowing the user to do the following:

— integrating measurement data into the defined metrics;

— tracing th

— documen

6 Variabi

Product line
The basis for
documenting
and evolving
encompasses

— structuri

— managing
applicatig

— ensuring
— managing

Variability m
because varig
engineering. \
models evolvg

Variability m3

— Variabilit]
informati
informati
models.

e measurement results with the relevant improvement plans;

Fing and reporting analysis results.

ity management

Fariability visualizes how the member products in a product line differ with each
managing variability is the explicit documentation of variahilities. The primary
variability is to use graphical models. This process supports;modeling, exploiting, t
variability throughout the domain and application engineering. Variability manag
the following roles:

hg variability model;

n variability models;
consistencies among variability models;
I the trace links among variability-models and associated assets.

hnagement process should be conducted in parallel with domain engineering prg
bilities are clarified andumodified gradually together with the domain and appl
[ariability managementis started in the domain requirements elicitation process g
continuously throughout the product line lifecycle.

inagement supports the following:

) modelling,"Supports to develop and validate variability models by using vari
on derived from the domain engineering. This subprocess serves to collect vari
on forsidentifying variability elements and bases information for constructing vari
alidation of variability models is served for ensuring that the models consider varj

other.
way of
racing,
ement

I the evolution of the variability model including the domain variability model and

cesses
cation
nd the

ability
ability
ability
ability

depender

cies’and constraints derived during domain engineering.

— Variability mechanism is a mean for realizing the variability of product line. Because variability
is introduced at the whole domain engineering lifecycle phases and binding occurs at the whole
application engineering lifecycle phases, variability mechanisms that support the determined
binding times, rules and constraints, and domain artifacts should be provided.

— Variability binding maintains information that is necessary to resolve variability appropriately.
This subprocess manages variability binding results established during domain and application
engineering.

— Variability documentation supports stakeholders to document variability models in detail with
annotations. It also supports to specify variability models with their traceabilities for the right use
and reviews of variability documentation.
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— Variability tracing manages to establish and maintain trace links of variability models with domain
and application assets according to the established policies for traceability management. By following
the trace links between variability and product line assets, it is possible to know how a given variant
is realized in the product line and check if different definitions of variability are consistent.

— Variability control and evolution serves to manage changes of variability models and their established
traceabilities. The tasks for managing feedbacks about the feasibility of realizing variability fed
from the preceding processes are also provided.

6.1 Variability modelling
Purp

The pyrpose of this subprocess is to manage and support variability modeling for a prodixct line. There
exist fwo distinct approaches for variability modeling; ad-hoc (conventional) #ariability modeling
that ipcludes variability information in some software modeling notation (ég.- UML,|feature, etc.)
and onthogonal variability modeling that integrates all the variability inforination in a|single model.
The variability models alone cannot represent the full contents of variability information in both
approaches for variability modeling. The development artifacts of domain/application engineering and
the variability model need to be traced.

Inputs
— Vqriability related information from domain engineering:

— Vdlidation criteria (e.g. aspects should be checked).fon variability models.
Outcomes

— Vgriability modeling policy is established.

— Vgriability models are maintained with'versions.

Tasks
— Establish variability modeling policy. Variability modeling approach and its notations arfe determined.

— Cdllect variability information. Variability information elicited and analyzed during domain and
application engineering,is referred to make variability models.

— Verify variability models. The variability model is reviewed with respect to variability dependency
types and their‘eardinalities, rationale, and constraint dependencies.

— SHare and (maintain variability models. Domain variability model and application variability models
are shared-and evolved.

6.1.1

Variability models should be structured to decrease the complexity of the product line engineering.
Necessary information for the variability modeling policy should be identified and analysed. The
traceability between the variability model and the development artifacts of domain/application
engineering should be considered for the decision of the policy.

The method should support establishing variability modeling policy with the following capabilities:
— comparing alternative approaches of variability modeling;

— reviewing relationships with other variability models;

— reviewing relationships between domain/application assets and variability models;

— deciding on the variability representation and notations;
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evaluatin

g and selecting variability modeling tools.

A tool should support establishing variability modeling policy with the following capabilities:

— supporting multi-criteria decision making;

— sharing the variability modeling policy with relevant participants.

A tool for variability modeling should support the following capabilities:

providing modeling notations and a workspace for constructing variability models;

storing relationships with other variability models and domain assets;

allowing
storing c

supportiy

hutomatic construction of variability models based on the recorded variability inforn
nfigurations of variability models;

g consistency checking;

generatirlg a unique ID for each variability model;

providing
maintain

maintain

6.1.2 Colle

In this task, Y
for later cons
information (¢
constraints d

The method s

collecting

checking
times for

validatin

maintain

A tool should
capabilities:

22

format for exchanging variability models among different applications;
ng variability dependencies;

ng constraint dependencies.

Ct variability information

rariability information identified and analyzed during domain engineering is de
ruction of variability models. This taskidentifies variability elements from the co
.g. variation points and their variants; binding times for all variation points, depend
ependencies) to develop variability.models.

hould support collecting variability information with the following capabilities:
variability information frem domain assets;

if the associated variability elements (e.g. variation points and their variants, b
all variation pointsfare included;

b consistencies among identified variability relevant information;
ng links-bétween variability information and its sources.

support the collection and manipulation of variability information with the fol

hation;

ivered
lected
encies,

inding

owing

accessing and browsing repository of domain assets to collect variability information;

storing dependencies and constraints among variability elements for maintaining consistencies;

providing a function for an automatic consistency check (e.g. by using arithmetic constraint check);

providing a template for recording variability information;

tracing variability relevant information with its sources;

supporting manipulation of variability information within the variability modeling workspace;

allowing synchronization with variability modeling workspace.
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6.1.3 Verify variability models

Variability models are verified to ensure that each model is clear, complete, and correct.
The method should support verifying the variability models with the following capabilities:
— collating variability models with the identified variability information;

— verifying consistencies of variability dependencies and constraint dependencies;

— analysing conflicts and inconsistencies within the variability model and between the variability
models and associated domain assets.

A tool ghould support verifying the variability models with the following capabilities:
— dipplaying variability models and associated variability information for verifieation;
— prpviding guidance for proceeding verification (including checklists);

— supporting verification reports.

6.1.4 | Share and maintain variability models

Domain variability model and application variability models are’shared by stakeholderf and evolved
based pn the formal change requests.

The njethod should support sharing and maintaining\the variability models with fhe following
capabillities:

— maintaining variability information for effective and efficient sharing;
— managing versions of variability models;

— managing change request resoluti@n process;

— analysing collected change reguests.

A tool phould support sharing and'maintaining variability models with the following cap4gbilities:
— collecting change requests;

— supporting change request resolution process;
— notifying.chanhges of variability models;

— changing versions of variability model;

— disseminating variability information to relevant stakeholders.

6.2 Variability mechanism
Purpose of variability mechanism

The purpose of this subprocess is to provide required supports for the efficient and effective
management and operation of variability mechanisms in accordance with domain of interest.

Inputs
— Initial list of variability mechanisms.
— Draft variability model.

— Draft decision table.
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Outcomes

Draft vari

Tasks

Variability mechanism management policy is established and maintained.
Variability mechanisms pool (catalog) is implemented and managed.

Guidance for variability mechanism use is defined.

ability model is revised in variability mechanism specifically.

Draft decision table is revised in variability mechanism specifically.

Establish
operating

Operate v
procedur

Supportv
variabilit

6.2.1 Estab

The goal of th
and so on) for

The method s
capabilities:

developin
informati
— deciding

establish

A tool should
capabilities:

sharin

variability mechanisms.

ariability mechanisms is to use variability mechanisms in accordance éith the d
bs, rules, and constraints.

nriability mechanisms operation is to provide proper supports for managing and opg
y mechanisms.

lish variability mechanism management policy

is task is to define technical supports (e.g. methods; tools, materials, technical tra
realizing variability mechanism operation.

hould support establishing variability mechanism management policy with the fol

g an understanding of variability mechahisms (e.g. complexity of mechanisms, ned
on types for the proper use of mechanisms) used for establishing policies;

evel of details for variability mechanism management;
ng a variability mechanismrimanagement policy.

| support establishing ‘variability mechanism management policy with the fol

allowing documentation of a variability mechanism management policy;

g a variahijlity mechanism management policy with relevant participants.

6.2.2 Operjte variability mechanisms

The goal of tk

variability mechanism management policy is to determine policies for managixllg and

efined

rating

inings,

owing

essary

owing

isMtask is to prnvidp r'prplirpd technical support to meet the requirements of var

ability

mechanism operation considering applicable variability mechanisms, procedures to select and use,
tools, and techniques.

The method should support operating variability mechanisms with the following capabilities:

categorizing variability mechanisms by binding times and the types of domain assets;

— defining guidance (e.g. selection guide, procedures for use) for operating variability mechanisms;

A tool should

24

specify variability mechanisms.

support operating variability mechanisms with the following capabilities:

storing and accessing variability mechanisms catalogue;
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— allowing the access of guidance for using variability mechanisms;

— allowing the specification of variability mechanisms.

6.2.3

Support variability mechanisms operation

The goal of this task is to provide technical supports (e.g. methods, tools, materials, skilled people, and

So on)

for the proper operation of variability mechanisms.

The method should support variability mechanism operation with the following capabilities:

— establish relations from variability mechanisms to relevant variability models;

— de
— re

— Te

fining decision variables related to variability mechanisms;
fining the values of decision variables related to variability mechanisms used;

vising a decision table in variability mechanisms specifically;

— supporting realizing configuration from variability mechanisms aspect

A tool

— €S

in

6.3

Purpag

should support variability mechanism operation with the followifig capabilities:

oviding an editor for revising a decision table in order to add variability mechg
formation;

oviding tool support for realizing configuration.

yariability documentation

se of variability documentation

tablishing and maintaining relations from variability mechanisms to relevant varigbility models;

nism specific

The pyirpose of this subprocess is tocadd detailed descriptions on the orthogonal variapility models.

This p
of the

Inputs
— Va
— In
Outco

— Vd

Focess enables stakeholders.to document variability models in detail by annotating
pariability models.

riability models,
formation relevant to variabilities.
mes

riability models are documented.

Tasks

the elements

— Establish policies for variability documentation establishes and maintains policies for forward
and backward traceability links between variability models and between variability models and

as

sociated domain assets for maintaining consistencies.

— Collect annotations of variability models. Each element (e.g. variation points, variants, and
dependencies) of a variability model is annotated with appropriate information (e.g. owners or
related domain assets that need to use the element).

— Validate the variability documentation. Variability documentation is reviewed for ensuring

co

rrectness and completeness.
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6.3.1 Establish policies for variability documentation

The goal of this task is to establish a product line organization’s policies for variability documentations.
The purpose of policies for variability documentation is to define what should be done in variability
documentation.

A method should support establishing policies for variability documentation with the following

capabilities:

gathering existing practices or rules regarding variabilities to be adhered in the product line

organization;
— establish praetices-orrulesregardingvariabiity-doctmentation;
— reviewing the results for ensuring correctness.

A tool should
— providing

— notifying

6.3.2 Colle

In this task, 4
understand, u

The method
capabilities:

determin|
related at

reviewin

A tool should

bupport establishing policies for variability documentation with the following capah
templates for documenting policies;

policies for variability documentation to stakeholders within a product line.

Ct annotations of variability models

nnotations of variability models are collected with information that helps stakeh
se, and manage the elements and associated domaifiassets.

should support collecting annotations of the<variability models with the fol

ing which information should be attachedte each element of variability models (e.g.
tifacts);

b annotations of the elements of variability models.

ilities:

olders

owing

DWhner,

support collecting annotations of the variability models with the following capabilities:

— finding and referring to the inforimation necessary to develop annotations;

— providing
respectiv

6.3.3 Valid
Variability do
The method s

a workspace for relevant stakeholders to develop the annotations and attach them to

e elements of thelvariability model.

hte the variability documentation
cumentation is reviewed to ensure that it is clear, complete, correct, and understan

hould support reviewing the variability annotation with the following capabilities:

dable.

model are linked;

confirming the consistencies of variability annotation;
checking the correctness of variability documentation;

reviewing the completeness of variability documentation.

A tool should support reviewing the variability annotation with the following capabilities:

— browsing the variability annotation for reviewing;

validate that all the variabilities of the different domain assets related to the same variability

— importing and browsing the relevant information from other tools if it is necessary to review them.
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6.4 Variability binding

Purpose of variability binding

The purpose of variability binding management is to manage bound variability introduced during
domain engineering in application engineering.

Binding time of variability is the time (or application development phase) that the value of a variation
point is determined. Binding time can significantly affect the flexibility, runtime performance, and
production costs of product line members. Because these decisions are influential, alternatives of

bindin

g time shall be reviewed carefully.

Inputs
— Pl
— Al
— Hi
Outco
— Bi
— Va
Tasks

— Ejy
bi

— @Y
re

e
de

— Gy

tines can be compile time, Tink time, build time, or runtime.

— M
p1

6.4.1

Bindinlg palish should support optimal binding time decision and trade-off analysis on bif

ti,Te of domain engineering lifecycleprocess and it is bound at the particular time
8

htforms related to binding.

ternative binding times.

storical data related to binding times.

mes

hding times and their rationales are documented.

riability mechanisms are defined.

tablish binding policy determines policies fornbinding time decision and trade-o
hding time.

ide trade-off analysis among alternatives of binding time analyzes the trade-
commended binding time and compates the results. Variability is introduced at {

ineering lifecycle processes. Decision of optimal binding time is important for
velopment/maintenance cost ofa product line.

ide binding time decisiop-identifies the moment of deciding the values of variation

pintain binding infoymation. Binding information reported from application engine
ocesses is maintained for the change management and evolution.

Establish binding policy

The m

[f analysis on

pffs for each
he particular
of application
lexibility and

point. Binding

bring lifecycle

ding time.

bthod should sunnort establishing hinding nalicvwith the following canabilities:
rr =] 5 o4 = I o

— defining a common binding process for a product line;

oviding a validation guide for optimal binding decision;

oviding a guide for the documentation and reporting of binding decision.

A tool should support establishing binding policy with the following capabilities:

— sh

6.4.2

aring the binding policy with relevant stakeholders.

Guide trade-offs analysis among alternatives of binding time

The goal of this task is to guide for analyzing alternatives of binding time.
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The method should support guiding trade-offs analysis among alternatives of binding time with the
following capabilities:

— identify possible process/sub-process for binding for each variability;

flexibility, maintenance cost, and so on);

defining aspects for determining binding time (e.g. quality attributes or product line goals such as

— analysing trade-offs between different alternatives of binding times based on defined aspects.

A tool should support guiding trade-offs analysis among alternatives of binding time with the following

capabilities:

displayin

— providing

6.4.3 Guidg¢

The goal of t
binding time
costs get high
The method s

determin

documen
— selecting
A tool should

displayin

— makingv

6.4.4 Main

The goal of
engineering li

The method s

— recording

p alternatives for each of binding times;

environment for integrating trade-off analysis results of each of applications:

 binding time decision

his task is to guide determination for the moment of variability résolution. Bec
s too early, flexibility of the product line gets lower, and if it iS00 late, the maint
er, so the binding times should be determined carefully.

hould support guiding binding time decision with the following capabilities:
ing binding times of variation points;

[ing decisions and their rationales;

variability mechanism.

support guiding binding time decision with the following capabilities:

b variation point structures accordifig to the binding of variation points;

describing the variation point structuretat the specific development phase;

hriability selection mechanism explicitly.

fain binding information

this task is to-¢ollect and maintain binding information reported from appl
fecycle progesses.

hould support maintaining binding information with the following capabilities:

the rationales for the binding decision;

huse if
bnance

cation

— maintaining binding information for effective and efficient sharing.

A tool should support maintaining binding information with the following capabilities:

sharing b

28

collecting binding information from application engineering;
providing verification scheme for binding decision;

allowing binding decision to be recorded;

inding information with relevant stakeholders.
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6.5 Variability tracing
Purpose of variability tracing

The purpose of variability tracing is to establish and maintain forward and backward traceability links
between variability models and associated domain assets for maintaining consistencies.

Inputs
— Domain and application artifacts related to variability.

— Information related to variability models and associated domain artifacts.

NOTE Domain or application artifacts related to variability means variability meodels, variability
documentation, domain models, or application models that incorporate variabilities or.varigbility relevant
informption.

Outcojmes
— Trpceability management policies are established.
— Trpce links among domain or application assets related to variability’are established.

— Trpce links between elements of the variability model, and the associated domain and application assets
arg established.

Tasks

— Esftablish policies for traceability management. An économic analysis should be condpcted to align
the level of detail of traceability management with respective costs and benefits. As the result,
ecpnomically viable traceability management' policies for planning and performinjg traceability
management are established and maintaiied.

— Ddfine links between variability model@nd domain assets. Variability model and its relevant domain
aspets should be traced with each other for being referred by every product line lifecycle processes
for collecting relevant domain assets when a variability selects a variant.

— Manage the changes of the-defined trace links. Changes on the defined trace links arg managed for
maintaining consistencies-between them in accordance with the evolution of a produft line.

6.5.1 | Establish policies for traceability management of variability models

The gaal of this task is to establish and maintain organizational norms, expectations, and policies of
traceapility management for domain or application assets related to variability.

The mlethod should support establishing policies for traceability management of varigbility models
with thedoltowing capabilities:

— analyzing the complexity of variability models;

— developing a holistic understanding of the feasible levels of traceability management and
suggesting a level;

— evaluating the suggested level of detail of traceability management;
— deciding on the level of detail of traceability management;
— establishing traceability management policies.

A tool should support relevant stakeholders in establishing policies for traceability management of
variability models with the following capabilities:

— presenting evaluation criteria for evaluating levels of traceability management;
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— providing a multi-user access environment for reviewing, commenting, and communicating about
existing and envisioned traceability management policies;

— supporting publish of the traceability management policies for sharing among stakeholders.

6.5.2 Define links between variability model and domain assets

The goal of this task is to establish explicit trace links between elements of domain or application assets
related to variability.

A method should support defining links between variability model and domain assets with the following
capabilities:

— identifyinjg the variabilities of the domain assets related to the variability model;

— identifying a variant of the variability model that will be linked with the variability |of the
domain dssets;

— defining links between a variant of the variability model and the associated domain assets;
— reviewing the results for ensuring correctness.

A tool should support defining links between elements of the variability model and the assqciated
domain asset$ with the following capabilities:

— importing and browsing domain assets in order to establish links with the variability model

— storing links between elements of the variability model.and the associated domain assets.

6.5.3 Manage the changes of the defined trace links

The goal of this task is to establish and ensure the integrity of trace links of domain or appljcation
assets related to variability in accordance with thé product line evolution.

The method ghould support maintaining thie’ changes of the defined trace links with the following
capabilities:

— tracking §nd analyzing trace links.of variabilities influenced by changes of domain or applications;
— restructyring the trace links'of variabilities;

— checking|for consistengies’of the restructured trace links.
A tool should pupportmaintaining the changes of the defined trace links with the following capabilities:

— tracing impagts;due to changes;

— providinc aroll-back function for restore trace links to their former state

6.6 Variability control and evolution
Purpose of variability control and evolution

The purpose of variability control and evolution is to manage change requests/feedbacks for variability
models and improving variability evolution process and maintain traceability among variability models
and between variability models and domain assets.

Inputs
— Change requests for variability models.

— Feedbacks from domain and application engineering for changes.
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Outcomes

Tasks

Change history of variability models is maintained.
Traceability maps are changed.

Feedback statuses are notified.

after receiving those needs from domain or application engineers.

Identify and analyze the evolution needs of variants. Decisions for change or evolution needs are made

refuests to variability models are traced and their impacts are analyzed. Approve

C

Ad
ac

variants are reflected.

CH
p1

M
ch

P
an

p1]
P

6.6.1

The gg
and th

The m

capabillities:

an

an

€es

A tool

A}cj‘or remove variants. A new variant can be added or an existing variant can be renf

municated to all affected participants.

d or remove dependencies and constraints. Change needs of dependenéies and cc
cepted and reflected or affected dependencies and constraints in accérdance with {

ange binding time supports changes of binding time in accgrdance with the ¢
oduct line.

pintain the affected traceabilities. Defined traceabilities are maintained consistently
anges have taken place.

ovide feedback related to variability models (frofm application and domain enginee
d application engineers send feedback to impreve variability models and the variab
ocess. This task manages the statuses of féedback documents and the changes t3
ocessing the feedback.

Identify and analyse the evolution needs of variants

al of this task is to identify, select, and analyse the evolution or change requests fo
en decide which parts of variability models can be changed.

bthod should support identifying and analysing the evolution needs of variants with

alysing changerequests of variants from variability evolution needs;
alysing impacts of a variant change (using a variability mechanism);

tablishing the necessary change list.

oved. Change
1 changes are

nstraints are
he changes of

volution of a

even after the

Fing). Domain
jlity evolution
ken based on

r variabilities

the following

capabikttes:

— sh

6.6.2

should support identifying and analysing the evolution needs of variants with

the following

displaying relations among variabilities explicitly;

owing affected elements of variability models due to changes.

Add or remove variants

The goal of this task is to add or remove variants at any given variation point in time. Change
management for variability models is conducted during this task.

The method should support adding or removing variants with the following capabilities:

— introducing requested changes of variants;
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documentations, or domain/application artifacts that include variabilities);

controlling changes of variants in a manner that does not affect the existing product lines.

A tool should support adding or removing variants with the following capabilities:

tracing the statuses of change requests;
storing the change history of variability models;

storing versions of the variability models and variability documentation;

controlling versions of the affected assets (e.g. the changed variability models, variability

maintain

notifying

6.6.3 Add ¢
The goal of th

ng and tracking versions of variability models;

the statuses of change requests to the requested sources.

r remove dependencies and constraints

is task is to add or remove dependencies and constraints affected by/changes of v4

or according fo the changed needs for them.

The method
capabilities:
introduci

— analysing

chould support adding or removing dependencies and constraints with the fol

impacts of a variant change (using a variability‘méchanism);

— making the necessary change list.

A tool should

displayin

— showing

6.6.4 Chan

When a prodt
is to support ¢
line evolves.

The method s

assessing

support adding or removing dependencies’and constraints with the following capalj
b relations among variabilities explicitly;

ffected elements of variabilitymodels by changes.

e binding time

hanges of binding time for increasing the flexibility of the resulting system as the p

hould support changing binding time with the following capabilities:

impacts of binding time change on other variabilities;

hg the changes of affected dependencies and constrdints due to changes of variantg;

iriants

owing

ilities:

ct line evolves, the.binding time of a variation point can be changed. The goal of thiis task

roduct

analysing

effect of binding time change;

adjusting

binding times of variabilities affected by change of binding time;

reorganizing variability mechanism.

A tool should support changing binding times with the following capabilities:
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tracking changes of variabilities according to the changes of binding time;
tracing the changes of binding time;

supporting reorganization of variability mechanism.
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6.6.5 Maintain the affected traceabilities

Trace links among variability models and between a variability model and the associated domain assets
are managed in this task.

The method should support maintaining the affected traceabilities with the following capabilities:
— finding, analysing, and updating all trace links affected by variability changes;
— checking that the updated links are consistent;

— maintaining old trace links to enable roll-backing when necessary.

A tool ghould support maintaining the affected traceabilities with the following capabilities:
— representing those traceability links affected by variability changes (traceability tragking);

— prpviding a roll-back function for canceling the traceability changes.

6.6.6 | Provide feedback for variabilities and the variability evolution process

Feedbacks concerning the variabilitiess and the variability evolutionprocess are obtained from domain
and application engineering and are managed during this task.

The method should support providing feedback concerning the variabilitiess and the variability
evolutjon process with the following capabilities:

— arnlalysing the feedback to determine to which pdrts“are related to variabilities or the variability
eviolution process;

— tracing the feedback to closure;
— managing feedback history with related changes.

A tool|should support providing feedback concerning the variabilities and the variabiflity evolution
procegs with the following capabilities:

— collecting and notifying relevant stakeholders about feedback;
— prpviding templates for.feedbacks and feed-forwards;

— stpring and displdying the feedback statuses.

7 Asset Management

Asset nanagement is a process that establishes an asset base and uses it to store and mangge variability
modelf ‘and domain/application assets. The asset base will also be used in the subseqyent phases of
domain engineering to store and manage all domain assets, because domain engineers should design
domain assets to be reusable and fulfill the predefined variability needs, and in application engineering
to find and reuse appropriate domain assets. All member applications developed in a product line have
separate application asset repositories for storing and managing application specific assets produced
during application engineering and during the later stages of the application engineering life-cycle.
Application specific assets are originally developed for being used by particular applications, not for
reuse. However, some application specific assets can be generalized as domain assets later in accordance
with the decision at Organization Management. This is especially true in the initial stages of product line
development when product line organizations have not yet been able to populate extensively their asset
repositories. Application asset repositories are thus crucial resources for establishing and maintaining
the asset repository. It is important that application assets with high reuse potential are identified and
their trace links are managed in order to maintain the consistencies of the product line throughout
all assets. Asset management not only establishes and maintains repositories for domain/application
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assets but also includes subprocesses that shall be conducted together with the other processes defined
in this International Standard as necessary.

Asset management has the following six basic subprocesses:

7.1 Asseti

Purpose of agset identification

Assetidentificationidentifies and evaluates asset candidates (e.g. features, models, specifications,and
test cases) developed in domain/application engineering. All reusable domain artifacts developed
during domain engineering are identified assets and stored in the repository. The purpose of this
process is to identify reusable domain artifacts and extract assets and relevant information from
the existing application asset repositories and other sources, evaluate them, and arrange necessary
information to help application engineers in their reuse.

ine, retrieve, and manage assets. Each asset should have a well-organized and stfu
configurdtion.

Assetvaliglation ensures that asset base reflects the defined asset structure and is easy’to be chhanged
and controlled and that the asset structure and annotations facilitate effectiveréuse.

Asset evolution manages and controls change requests and feedback, traceabijlity, and versiohing of
assets aftler baselining.

entification

The purpose pf this subprocess is to identify domain/application artifacts that should be captyred as

assets.

Inputs

Outcomes

Tasks

34

All artifadts produced during domain/applicatioftengineering.

Informatipn related to asset candidates (e.g, type, attached information for enabling correct reuse, pwner).

Organizational policies for assets are established.

Asset list 1s established.

Set up and maintain-organizational policies for managing assets. Organizational policies for evalyiating,
validating, mining;"and managing assets are established and maintained.

Identity asset candidates. Asset candidates that are planned for systematic reuse and are included
in the dor 1aiu/[uuc O 1more app}i\,atiuu artifactt cpuoi‘&u tesaretdentiffed—Information (c.s. rtifact
type, owners, and relations between artifacts) about asset candidates necessary for evaluating
them is identified as well.

Estimate efforts necessary to create, reuse, and update domain assets. Economic values for creating,
reusing, and updating domain assets are estimated.

Determine assets. Assets are selected after reviewing the effectiveness and efficiency of candidates
from economical and other relevant viewpoints.

Elicit information necessary to reuse assets. Information necessary to reuse an asset correctly, such
as the usage process, glues (i.e. interfaces used to integrate assets with other assets or facilitate
reuse of the assets), guidelines, and the owner/user/caretaker is created. Application engineering
seldom has the need and resources to create such information because application artifacts are not
meant to be reusable.
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7.1.1 Setup and maintain organizational policies for managing assets

This task establishes organizational norms, expectations, and policies for the reuse and
management of assets.

The method should support setting up and maintaining organizational policies for managing assets
with the following capabilities:

— establishing organizational goals for assets;

— establishing an organizational policy for planning and developing assets for reuse by the product
line members;

— esfablishing an organizational policy for making assets available for the product linejmembers;
— establishing an organizational policy for asset evolution.

A tool should support setting up and maintaining organizational policies for managing agsets with the
follow|ng capabilities:

— prviding templates for helping stakeholders to establish and majintain the policies;

— prpviding a workspace where stakeholders can share, evaluate; hegotiate, and revise qrganizational
pdlicies for managing assets;

— diptributing the agreed upon organizational policies to relevant stakeholders.

7.1.2 | Identity asset candidates
This tgsk serves to find and retrieve asset candidates from the domain/application asset pase.
The mgthod should support identifying asset candidates with the following capabilities:

— selecting asset candidates from theidomain/application artifact repositories (a plajpned artifacts
ligt for application engineering);

— collecting information for. €ach asset candidate (e.g. artifact type, owners, usprs, relations
bdtween artifacts);

— aspigning unique identifiers to the candidates.
A tool ghould supportidentifying asset candidates with the following capabilities:

— finding, seleCting, and Importing asset candidates from the application artifact reposifories into the
aspet management workspace;

— stpringihformation about asset candidates;

— generating unique identitiers to distinguish the candidates.

7.1.3 Estimate efforts necessary to create, reuse, and update domain assets
The goal of this task is to calculate efforts that will be invested to create, reuse, and update domain assets.

Creating reusable domain artifacts is much more costly than creating artifacts that have no reusability
and variability. Even if existing application artifacts show high reusability potential, transforming them
into domain artifacts typically requires substantial rework and extensive documentation. Efforts and
costs thus need to be estimated in order to decide whether asset candidates should be transformed into
and managed as assets.
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The method should support effort estimation to determine the economic feasibility of creating, reusing,
and updating domain assets with the following capabilities:

providing effort estimation functions (costs, benefits, risks, etc.) and estimation databases
containing productivity information about similar past transformation projects;

collecting information for effort estimating and storing it into estimation databases;
estimating the efforts required to transform asset candidates into assets;

integrating the estimates with the analysis results obtained in identifying the asset candidates.

A tool should support estimating the efforts necessary to create, reuse, and update domain assets with

the following [capabilities:

7.1.4 Determine assets

maintainjng historical productivity information about software projects for effort estimation;

offering 4 GUI for inputting values necessary to estimate the efforts;

generatirlg effort estimates according to the predefined estimation functions and produlctivity
informatijon from similar past projects;

representing integrated results for helping further decisions.

Asset candiddtes are evaluated according to the evaluation critéria and explicitly justified decisigns are

taken to detefmine the assets.

The method should support determining assets with the feHowing capabilities:

A tool should pupport determining the assets with the following capabilities:

offering dvaluation criteria for determining assets;

evaluatinig the asset candidates;

taking defcision and recording its rationale;

implementing the chosen candidates-into assets in domain/application engineering;

reviewing the decision.

providing a workspacefor reviewing, discussing, and commenting the asset candidates;
displaying criteria-and guidelines for evaluating the candidates;

transforming (m domain engmeermg) the determined artifact into domain assets that fulfill the

Lils £, pa | Yy
reusablllt_y afre-vat 1au1uL_y for-aotrathartitacts:

storing the domain assets into the asset base;

storing rationales for decisions.

7.1.5 Elicit information necessary to reuse assets

The goal of this task is to develop information necessary for successful reuse of domain assets and
to attach information to the relevant assets. This information is usually developed by the relevant
domain/application engineers.

36

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=e3dac444c4df591db7832a72ae522caa

ISO/IEC 26555:2015(E)

The method should support eliciting information necessary to correctly and effectively reuse assets
with the following capabilities:

— reviewing relevant asset information (collected and created during the identification of asset
candidates) for each asset;

— arranging the information and attaching it for each asset;

— Vva

lidating the results.

A tool should support eliciting information necessary to correctly and effectively reuse assets with the
following capabilities:

— sh

— m

oviding an environment to review, communicate, and comment;
owing criteria and guidelines for reviewing and validating assets;

hintaining rationales for decisions;

— automatically generating and maintaining system relevant informadtion (e.g. when a asset was

Cr

— erntering and storing creator-defined information.

7.2 Asset base implementation

Purpag

Asset
reposi
define

Inputs
— Dg
— Ay
Outco
— Aj§
— As
Tasks

— Ejy
hi

ated and by whom);

se of asset base implementation

fory and to mine and retrieve assets from it."Its structure and services should rg
 asset configurations.

main artifacts.

plication artifacts.

nes

set mining systenis‘established.

set base is established.

tablish the mining (or retrieval) mechanism for assets. A mechanism supporting
bhlyrelevant assets (especially from the viewpoint of application engineering) is e

base implementation provides processes, ahd tools/methods capabilities to ifplement the

flect the pre-

the mining of
tablished.

— Define and implement the CRUD method for assets. The procedures for creating, retrieving, updating,
and deleting assets are defined.

— Establish asset base. A domain/application asset base is built and evolved. It includes the storage and
services for mining and accessing the repository and leverages the mining mechanism and CRUD.

— Evaluate the asset base to confirm that it has been correctly established for storing, accessing,
mining, and maintaining assets.

7.2.1

Establish the mining (retrieval) mechanism for assets

The mining mechanism for assets has a close relation with the asset configuration system.
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The method should support establishing and maintaining of the mining (retrieval) service for assets
with the following capabilities:

determining the classification for assets;

choosing the attributes for retrieving assets. The attributes are chosen from the internal or external
attributes of assets;

determining how to compose the chosen attributes for mining.

A tool should support establishing and maintaining of the mining (retrieval) service for assets with the
following capabilities:

7.2.2 Definle and implement the CRUD method for assets

enabling ficcess to the pre-defined asset configuration;

simulatinfg the defined mining mechanism;

The goal of this task is to define the CRUD method for creating, retrieving, updating; and deleting pssets.
CRUD is relatg¢d with the asset configuration system and the defined mining tmechanism.

The method [should support defining and implementing the CRUD-‘method with the following
capabilities:

— determinfng a CRUD strategy for assets;

— defining the procedures for creating, reusing, updating, and deleting assets;

— implementing the CRUD method.

A tool should pupport defining and implementing the"CRUD method with the following capabilitigs:

— providing interfaces for creating, retrievingytipdating, and deleting assets;

— creating dnd saving assets and the baselines of sets of assets into the repository;

— searching and retrieving assets and.baselines with the help of the external attributes of the assets;
— updating fissetsand baselinesunderthe control of change managementand configuration management;
— deleting dssets.

7.2.3 Estahlish assetbase

The goal of th
mining mechz

The method s

nismrand CRUD procedures.

is taskis to establish and maintain asset base by leveraging the defined and implen

hented

hould support establishing asset base with the following capabilities:

designing the structure of asset base to enable the mining mechanism;
implementing the defined mining mechanism;

implementing the defined CRUD method;

38

specifying appropriate access rights for assets with different statuses (e.g. login, check in, check
out for read, check out for modification, change request, change approved/rejected, change
implemented, change released, change audited);

specifying appropriate access rights for different granularities of assets (e.g. line, code, function,
module);
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— maintaining the log for all accesses of the configuration items by access right and granularity.
A tool should support establishing asset base with the following capabilities:

— storing assets according to the defined asset structure;

— recovering archived versions of assets;

— controllingaccessrightstoassetbasebyuser, group, role, or the type oftransaction (e.g.representing,
specifying, searching, and changing);

— enabling the asset base access by means of the mining service and CRUD and in accordance with the
access rights:

— generating the log files for all accesses;

— prpviding appropriate encryption methods to ensure secure usage and transmission jof data.

7.2.4 | Evaluate asset base

Asset pase is reviewed and validated to confirm that it appropriately-uses the asset ¢onfiguration,
mining mechanism, and CRUD processes.

The mgthod should support evaluating the asset base with the following capabilities:
— reiewing the structure of the asset base;

— evjaluating whether the asset base reflects the configtiration, mining mechanism, and CRUD;
— taking corrective and improvement actions ashécessary;

— cheecking the integrity of the established asset base.

A tool fhould support evaluating the assetdase with the following capabilities:
— acpessing information related to<asset base and its structure;

— chlecking consistencies automatically.

7.3 Assetvalidation
Purpadse of asset validation

Asset Yyalidation@ims at ensuring that asset base reflects the defined asset configurationfand is easy to
mine, ¢hange;and control.

Inputs

— Assets

— Asset configuration

Outcomes

— Validation results for the asset configuration are produced.

— Baselines of assets are established.

Tasks

— Review the selected assets confirms that proper assets have been selected, created, and specified.

— Review the asset configurations ensures that they reflect the defined assets attributes, relations,
and constraints.
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— Create and release baselines of assets establishes sets of assets designated for systematic reuse.

— Storing assets into asset base serves to store assets into the relevant workspace of the repository and
to mine and retrieve assets from it

7.3.1 Review the selected assets

Baselined assets are reviewed and validated to ensure that each asset and baseline is clearly defined,
complete, correct, and understandable.

The method should support reviewing the selected assets with the following capabilities:

— identifyinfg the evatuationm criterta for the assets;

— evaluating whether the selected assets are proper according to the criteria.

A tool should pupport reviewing the selected assets with the following capabilities:
— accessing assets with related information;

— providing guidance for proceeding with the review process;

— providing templates and checklists for reviewing each asset.

7.3.2 Revidw asset configurations

Asset configyrations are reviewed and validated to ensureythey are clear, complete, corre¢t, and
understandaljle.

The method should support reviewing the asset configusation with the following capabilities:
— identifyinjg the evaluation criteria for asset configuration;

— reviewing whether all the necessary internaland external attributes of the assets have been d¢fined;
— confirming the baselines for the assets;

— revising the baselines for the asséts as necessary;

— committipg the baselines for.assets.

A tool should pupport reviewing asset configuration with the following capabilities:
— guiding the review{rocess;

— enabling pccessto asset base for reviewing the baselines, assets, and their structures.

7.3.3 Createand release baselines of assets

The goal of this task is to create and release baselines of assets and document the baselined sets of
assets in asset base. Asset baselines are agreed-upon sets of assets designated for systematic reuse
during application engineering and further evolution during domain engineering. Baselining includes
the building, storing, tracing, access controlling, and reporting of baselines.

The method should support creating baselines of assets with the following capabilities:
— creating (initiating) baselines from assets;

— documenting the set of assets contained in a baseline;

— storing baselines of assets;

— establishing traceability.
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A tool should support creating baselines of assets with the following capabilities:

— providingaspecification template for specifying the baselines in accordance with baseline attributes
(e.g. creation date, owner, acceptance criteria, and change history);

— supporting communication related to the planning of baselines and the authorizations of baselines;
— storing the baseline specifications into asset base;

— placing associated tool information for versioning, building, and releasing.

7.4 Asset evolution (including change management)

Purpadse of the asset evolution

The pyrpose of asset evolution is to manage and control change requests and feedback, traceability, and
versiohing for assets after baselining.

Inputs
— Asfset base.

— CHange requests for assets.

Outcomes

— CHange history of assets is maintained.

— Differences between baselines are maintained.
— Trpceability between assets is established.

— Stqituses for assets are fed back.

Tasks

— Mgdnage asset changes. Changetiequests to the assets and their impacts are analyzed and traced. The
approved changes are communicated to all affected participants.

— Mgintain traceability of assets. Bidirectional traceability between assets and betwegen attributes
within assets is maintained.

— Mgnage feedbacek.-Feedback for assets from domain and application engineering is managed and
action items-are'traced to closure.

— Trpnsformsthe existing assets into assets to rehabilitate asset base. Assets with high reusability
pdtential ‘are identified from existing systems that do not belong to the product ling} transformed
info.assets in domain engineering, and used to rehabilitate the repository.

— Dispose assets from asset base. Unwanted or invalid assets within asset base are removed.

7.4.1 Manage asset changes

This task serves to track and control changes to assets that are contained in a baseline.
The method should support managing asset changes with the following capabilities:

— analysing change requests for assets;

— analysing impacts of changing assets;

— controlling changes in the assets;

— documenting the differences between baselines due to changes;
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A tool should
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The method
following cap

tracking y
tracking {

locking apd unlocking the versions from the version branches with respect to chéck=outs and

restructu

controlling the versions of assets and baselines;

controlling the releases of baselines.

support managing asset changes with the following capabilities:

tracing the statuses of change requests;
finding and presenting items that are affected by those changes;
storing the change history for each asset;

providing a document template for describing the differences between baselines;

ersions of assets;

he releases of baselines;

p the versions and version branches in a tree or graph form.

fain traceability of assets

is task is to maintain and ensure the integrity of established traceabilities among a

ind analyzing traceability links influenced by asset changes;

ring the traceability links;

for consistencies.

support maintaining the traceability of assets with the following capabilities:
1pacts due to asset changes.(Traceability tracking);

aroll-back function for restoring traceability links related to assets.

ge feedback and-take appropriate evolution actions
ages feedback related to assets and to the asset evolution process.

should-support managing feedback and taking appropriate evolution actions w
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hould support maintaining the traceability of assets with the following capabilities

check-

Ssets.

th the

analysin

improvement opportunities related to assets and the asset evolution process;

determin

taking ap
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analysing impacts expected to materialize if the feedback is accepted;

ing whether or not to accept the feedback;

propriate actions and tracing the feedback to closure;

managing the history of feedback with related changes;

the relevant stakeholders about the feedback statuses.
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A tool should support managing feedback and taking appropriate evolution actions with the following
capabilities:

— collecting feedback and alerting relevant stakeholders about it;
— storing the feedback statuses and notifying stakeholders about the actions taken;

— enabling access to other tools or asset base to analyse and process the feedback.

7.4.4 Transform the existing assets into assets to rehabilitate asset base

Valuable assets of ex1st1ng systems that are avallable to the product llne organlzatlon but do not

Te I ' ' T y, and used to
rehabl itate asset base (typlcally in the early stages of product line adoptlon when th( product line
organization does not yet have adequate assets in asset base). This task is very similar fo the process
described in 5.5.1 where suitable application artifacts within a product line are generalis¢d into assets.
[t is thps not explained in detail in this International Standard.

The mpthod should support transforming existing assets into assets to rehabilitate asset|base with the
follow|ng capabilities:

— identifying the existing assets to be transformed into and magaged as assets;
— evjaluating the existing assets according to defined evaluation criteria;
— esfimating efforts necessary to transform such assets\into assets.

A tool|should support transforming the existing assets into assets to rehabilitate asset pase with the
follow]ng capabilities:

— inferfacing the existing asset base;
— prpviding estimation templates;

— allowing asset configuration and annotation of assets.

7.4.5 | Dispose assets from asset base

The gdal of this task is to dispose unwanted or invalid assets from the asset base.
The method should support disposing assets from repository with the following capabilitjies:
— arnalysing thejrelations of the asset that will be disposed within asset base;
— arfalysingithe products related to the asset;

— removing the asset from repository without affecting the remaining asset configuratjons.

A tool should support disposing assets from repository with the following capabilities:

— indicating affected asset;

— indicating relevant products;

— sharing the statements of the list of assets and why the assets are no longer supported;

— tracking the retirement schedule.

8 Support management

Support management covers the processes that provide necessary support for performing
domain/application engineering, asset management, and variability management. The support
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management addresses processes that are used to perform other processes. This process deals
with processes that are specialized for product lines consistent with the support management of
ISO/IEC 12207. This process consists of quality assurance, configuration management, verification and
validation, and tool support for automation and/or reducing complexity level of control. The method for
carrying out and adherence to processes shall be defined and specified at the process discipline.

Support management has three basic subprocesses:

— Technical quality management serves to implement quality management schemes and to provide
processes for ensuring the qualities of product line artifacts and processes for domain engineering,
application engineering, organizational management, and technical management.

— Configur of the
number df member applications consisting of many parts in different versions. Configuratiolj items
suchasdgmainartifacts, assets, platforms, application artifacts, and trace links among eonfigyration
items are|{managed.

— Decision management serves to determine the most beneficial option among husiness or te¢hnical
decision plternatives. This subprocess responds to a request for a decision|encountered during
product ljne lifecycle.

— Technical| risk management serves to resolve technical risk issuesythat could jeopardige the
accomplishment of business goals and objectives. Critical techni¢al Tisks should be (e.g. lack of
domain knowledge, uncertain or volatile domain requirements,lack of prevented or mitigdted by
the tasks|of this subprocesses.

— Toolmandgementservesto automate or semi-automate theproductline engineeringand management
processe§. Thus, it serves to improve productivity/quality and to reduce cost/time-to-mark¢t for a
product line organization.

8.1 Technical quality management
Purpose of t¢chnical quality management

The purpose ¢f this subprocess is to provide assurance that the development processes and artiffacts of
a product ling are consistent with the predefined quality requirements of an organization.

Product line dpproach is based on,the systematic and large scale reuse of assets, and hence the Luality
of assets havd direct impact onwhole products within a product line. Therefore, quality manageinent is
critical and cqmplex due to the;special properties of commonality and variability of product lines.

Inputs
— Goals and objectives of technical quality management.

— Defined domain and application engineering processes.

— Development artifacts of product lines (assets, products, application artifacts).
Outcomes

— Quality assurance results are documented.

Tasks

— Establish technical quality management policy. Technical quality management should establish
necessary policy for quality assurance to ensure that work products and processes produced or
implemented in a product line comply with predefined provisions and plans.

— Establish and maintain criteria for quality assurance. In addition to the work products of single system
development, qualities of assets, variability models, and domain artifacts should be ensured through
quality assurance in product line development. Criteria for evaluating quality have to be established.
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— Perform quality assurance according to criteria assures that work products derived from a productline
context and implemented processes have fulfilled the constraints and are consistent. Furthermore,
whether the derived applications produced by reusing relevant assets are ensured.

— Communicate and ensure resolution of noncompliance issues shares the results of quality assurance
and to resolve the raised noncompliance issues.

8.1.1 Establish technical quality management policy

Technical quality management policy needs to guide on quality assurance process, product assurance,
process assurance, and conformance criteria for assurance. It also needs to coordinate with other
processes such as verification and validation. Defined functionalities, quality attributes, artifacts,
procegses, and plans should be assessed based on technical quality assurance criteria.

The mgthod should support establishing quality management policy with the following capabilities:
— ddfining technical quality assurance process;

— identifying target areas of technical quality assurance;

— prpviding a guidance for assurance and conformance criteria;

— prpviding a guidance for coordination with verification and #alidation.
A tool ghould support establishing quality management policyywith the following capabilifties:

— sharing the technical quality management policyrwith relevant participants.

8.1.2 | Establish and maintain criteria for quality'assurance

The goal of this task is to establish and maintain criteria for the evaluations of proc¢sses, domain
and application assets, and variability models. Criteria for evaluating domain engineerfing processes
adhergd by all member applications of\@ product line, domain assets, adherence of|architectural
texturps, variability models and bindings, application processes, and derived application fssets.

The nmjethod should support establishing and maintaining criteria for quality assurgnce with the
follow]ng capabilities:

— selecting processes, domain/application artifacts, or applications to be objectively evpluated;

— ddfining evaluation criteria for the two separation of engineering processes,| domain and
application engineering.

A tool|should Support establishing and maintaining criteria for quality assurance with|the following

capabillities:
— shiring domain artifacts;

— allowing access of quality criteria that are defined for domain/application engineering;

— allowing modification and reuse of the defined quality criteria between domain and application
engineering.

8.1.3 Perform quality assurance according to criteria

The goal of this task is to perform objective assessments on product line processes and artifacts by
using pre-defined criteria. Especially this task assures, that assets have fully satisfied the common
requirements and the defined variabilities have guaranteed the flexibilities of applications within a
product line.
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This task also evaluates that application derived from a product line context has fulfilled requirements
for each application and that each application adheres to reuse constraints. Furthermore, whether the
derived applications have produced by reusing relevant assets is ensured.

The method should support performing quality assurance according to criteria with the following
capabilities:

— evaluating performed domain/application engineering processes;
— evaluating domain/application artifacts;

— evaluating assets reused;

— identifyijg and documenting noncompliance issues (providing documentation templates)
A tool should $upport performing quality assurance according to criteria with the following capabilities:
— accessingreuse history of assets and information relevant to reuse of assets;

— sharing the variability model for ensuring its quality or confirming whethéer a right bingling is
performe(d;

— referring[binding results of domain artifacts that entail variabilities;

— supportijg documentation for noncompliance issues from each of demain, application, and grocess
perspectives.

8.1.4 Comrpunicate and ensure resolution of noncompliance issues

The goal of thiis task is to confirm whether quality issues are resolved.

In product lines, many cases of noncompliance issues‘are analysed from multi-dimensional aspe(ts like
domain engingering, application engineering, assets, and management because they are closely related,
so the resolutjons are required from a couple of\aspects.

The method should support communicating'and ensuring resolution of noncompliance issues wjith the
following cappbilities:

— resolvingleach noncompliance issues with the relevant stakeholders;
— tracking poncompliance issues unresolved until they are resolved;
— recoding [QA reports {providing report templates).

A tool should suppott)communicating and ensuring resolution of noncompliance issues with the
following cappbilities:

— providing “\collaboration environments among domain engineers, application engjneers,
management, and QAs;

— tracking the status of noncompliance issues.

8.2 Configuration management
Purpose of configuration management
The purpose of this subprocess is to maintain the integrity of domain and application assets.

Configuration management in product lines covers variations among member products of a product
line, namely variation in space. In addition, configurations associated with product line evolution,
namely, variability in time, should be managed. Therefore, product line development should manage
configurations in both time and space. There might be complex relationships among configurations of
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variability in both time and space including commonality, so it makes difficult to manage configurations
for product lines.

The difficulties for configuration management can be coped with the ability to manage the complexity
of the product line. Tools and methods for product line configuration management shall support
development/operating environment for various versions of common and variable product line artifacts
plus various versions of product-specific artifacts. Moreover, development/operation of product line is
conducted in parallel in a distributed environment, so product line configuration management shall
define and set up appropriate policies and strategies to cope with it.

The tools, methods, processes, and environments for product line configuration management shall
support for:

— Valriations in space as well as in time;

— ddmain engineering and application engineering by different team members;
— thp distributed nature of product line engineering;

— bdild and release management of assets and product-specific artifaets;

— dipciplined change management.

Inputs
— Cdgnfiguration management policies.

— Aiqtifacts produced during product line engineering.
Outcomes

— A product line configuration management plan is developed.
— Configuration for a member product isidentified.

— Cdnfiguration baselines are established.

— Prpduct line configuration treeds established.

— Prpduct line configuration.tree is controlled.

— TRe status accounting'is available.

— CHanges are fornially controlled.

Tasks

— Identify-configurations of member products. Configurations can vary in accordance with the member
priodiicts to be developed under the same product line environment. The differences between
configurations are identified, and they are used to establish configuration trees.

— Establish configuration tree for a product line. Configuration trees reflecting the differences among
member products are established and maintained.

— Manage configurations of variability in space. The integrity of configurations of variability in space
can be controlled through the variability model management and the formal change management.

NOTE Planning activities for configuration management are not covered in this International Standard
because this International Standard only deals with SSPL-specific processes and tasks.

8.2.1 Identify configurations of member products

The goal of this task is to identify configuration of each member product including configuration items,
components, and related work products in a space dimension that will be managed as configurations

© ISO/IEC 2015 - All rights reserved 47


https://iecnorm.com/api/?name=e3dac444c4df591db7832a72ae522caa

ISO/IEC 26555:2015(E)

and establish their baselines. Each configuration includes binding results for a member product and an
application’s specific items.

The separation of common/variable and time/space concerns makes easy to deal with the complexity

of configurati

on management in the product line.

The method should identify configurations of member products with the following capabilities:

parallel b

y several others);

creating or releasing baselines of assets and platforms (they are produced by one team and used in

identifying configurations of member product in different shapes at the same time (e.g. using

applicatiga-variability-medel);

informing
— managing
A tool should
importin

allowing

managing
products

dealing w

8.2.2 Estab

The goal of
configuration

The configurs

b the differences among the configurations of member products within a productli

r and tracing the differences among the configurations of member products:

b candidate configuration items into the configuration managemeént environment;

the separations of baselines into time and space dimensions;

ith configuration items for hardware, softwaresand documents of all varieties.

lish configuration tree for a product line

this task is to establish configuration tree for a product line. Differences
s of each member product are reflected into the configuration tree.

support identifying configurations of member products with the following capabili

F the baseline of variability models including application‘variability models for m

tion tree in single-system develepment provides a mechanism for tracing and cont|

ne;

kies:

ember

hmong

rolling

versions of am artifact. Whereas, in a product line, the configuration tree is established for multiple

products. Apj
provides infd
configuration
variability mc
product shou
provide a me(

The method
capabilities:

defining

tree for a product line can be constructed based on the differences among appl

hanism for tracing and controlling configurations of each member product.

should support establishing configuration tree for a product line with the fol

th€ configuration tree for a product line whose elements are member pr

plication variability modell_including binding results and application specific af
rmation about how member products in a product line vary in space. Tht

dels. However, each:member product can vary in time, so configurations of each m
d be established.'In addition, configuration tree should be established in a form t}

tifacts
s, the
cation
ember
at can

owing

ducts’

configur

of each m

Tions;

maintaining configuration trees including relationships among tree elements;

ember product, and for the relationship between the two of them.

establishing trace and control mechanism for a product line’s configuration tree, for configuration

The tool should support establishing configuration tree for a product line with the following capabilities:

allowing the definition of member products’ configurations;

configurations;

member products;
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allowing the definition of a configuration tree for a product line based on the member products’

supporting traces among configuration tree elements in accordance with the differences among
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