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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO also take part in the work. ISO collaborates closely with the International

ional Standards are drafted in accordance with the rules given in the ISO/IEC DirecCtives| Part 3.

Draft International Standards adopted by the technical committees are circulated 4o, the menjber bodies for
voting.| Publication as an International Standard requires approval by at least 75.% of the member bodies
casting a vote.

Attentipn is drawn to the possibility that some of the elements of this dogutment may be the sybject of patent
rights. ]SO shall not be held responsible for identifying any or all such patent rights.

ISO/IE[C 26551 was prepared by Joint Technical Committees ISO/IEC JTC 1, Informatidn technology,
Subcoimmittee SC 7, Software and systems engineering.
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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) requirements engineering. This International Standard defines how
the tools and methods can support for the software and systems product line-specific requirements
engineering processes.

Decision for th before
initiating domajn requirements engineering processes. Domain requirements engineering will be carried out in
a comprehengive manner because common and variable requirements and captured variabilities have
consequential |impacts on member products in a product line. The outcomes of domain requirements
engineering pfocesses are transferred into the requirements of a family of products @t the application
requirements gngineering processes. Therefore requirements engineering tools and methods should cpnsider
both engineefing processes namely domain requirements engineering and application requirements
engineering.

Product line r¢quirements engineering can be differentiated from a single product requirement engineering
because of thg following aspects:

— There arg two core processes in requirements engineering: .domain requirements engineering and
applicatio requirements engineering. The major aims of the demain requirements engineering processes
are to anglyze commonality and variability for a family of products, and to prepare necessary variability
informatiop for variability modelling. The major aims of\ the application requirements engineering
processey are to define application specific requirements and bind variability defined in @omain
requirements engineering processes.

— It is essential to analyse the costs and benefits-estimation of a product line and thereby an organization
can make| a go/no-go decision. Moreover, thg Ccosts and benefits estimation plays a pivotal rold as an
indicator fpr assessing the effectiveness andefficiency of a product line.

This Internatiopal Standard can be used inthe following modes:

— By the ugers of this International Standard — to benefit people who develop, operate, and manage
requirements engineering for-software and systems product lines.

— By a produict line organization — to provide guidance in the evaluation and selection for tools and nethods
for product line requirements engineering.

— By providers of'\tools and methods — to provide guidance in implementing or developing togls and
methods by/providing a comprehensive set of the capabilities of tools and methods for prodnrct line
requiremeints éngineering

ISO/IEC 26550 (ISO/IEC 26550, Software and systems engineering — Reference model for product line
engineering and management) addresses both engineering and management processes and covers the key
characteristics of product line development. ISO/IEC 26550 provides an overview of the consecutive
international standards (i.e., ISO/IEC 26551 through ISO/IEC 26556) as well as the structure of the model:

— Processes and capabilities of methods and tools for product line scoping, domain requirements
engineering, and application requirements engineering are provided as ISO/IEC 26551, Software and
systems engineering — Tools and methods for product line requirements engineering.

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

as ISO/IEC 26552, Software and systems engineering — Tools and methods for product line architecture
design.

vi © ISO/IEC 2012 — All rights reserved


https://iecnorm.com/api/?name=6e8cf228ca65155a25c497d4d0d89cf8

ISO/IEC 26551:2012(E)

— Processes and capabilities of methods and tools for domain realization and application realization are
provided as ISO/IEC 26553, Software and systems engineering — Tools and methods for product line
realization.

— Processes and capabilities of methods and tools for domain verification and validation and application
verification and validation are provided as ISO/IEC 26554, Software and systems engineering — Tools
and methods for product line verification and validation.

— Processes and capabilities of methods and tools for technical management are provided as
ISO/IEC 26555, Software and systems engineering — Tools and methods for product line technical
management.

ISPD/IEC 26556, Software and systems engineering — Tools and methods for product'linél organizational

— PEcesses and capabilities of methods and tools for organizational management arg¢ provided as
m

nagement.

© ISO/IEC 2012 — All rights reserved Vi
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Software and systems engineering — Tools and methods for
product line requirements engineering
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ternational Standard deals with the tools and methods of requirements engineering fo
s product line. The scope of this International Standard is as follows:

provide the terms and definitions specific to requirements engineering’for softwarg
product lines.

define process groups and their processes performed during proddct line requiremen
Those processes are described in terms of purpose, inputs, tasks;and outcomes.
define method capabilities to support the defined tasks of each process.

define tool capabilities to automate/semi-automate tasks or defined method capabilities.

ternational Standard does not concern processes and capabilities of requirements tool
ngle system but rather deals with those for a family of‘preducts.

This International Standard is not suitable for handling physical artifacts. In the Systems
t" must be understood as System-level artefacts, sueh as requirement documents, architectural
Behavioral Models, etc. In any case, the word CProduct” must not be understood as physica
ic boards, mechanical parts or qualified human‘operators. In the case of the Software componen
rnational Standard can apply twice: once to-handle the System-Level Product Line and a secon
ware Part Product Line, if any. The Produét'Line processes are recursive within the different levels

brmative references
ces, only the edition:'cited applies. For undated references, the latest edition of f{
ent (including any ‘amendments) applies.

C 26550, Software and systems engineering — Reference model for product line ef
ement

3 Terms and definitions

I software and

and systems

S engineering.

5 and methods

Brena, the word
data, validation
items such as

ts of a Systems,

H time to handle
of Products.

llowing referenced documents are indispensable for the application of this documgnt. For dated

he referenced

hgineering and

For the purposes of this document, the terms and definitions given in ISO/IEC 26550 and the following apply
following terms and definitions apply.

3.1

application assets in requirements
application specific artifacts produced during application requirements engineering such as application

require

3.2

ments specifications and application requirements models

application requirements elicitation
identifies stakeholders relevant to an application, elicits application specific requirements, and binds the

approp

riate variants
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3.3
application re

quirements analysis

ensures that all application specific requirements are understood, and scrutinizes incorrect and inconsistent
application requirements through modeling. And application requirements that cannot be satisfied through the
domain requirements are then analyzed and negotiated

34
application re

quirements specification

documents the application specific requirements and integrates it with the domain requirements specification
whose variants are bound

3.5

application rT‘wwements verification and validation
confirms that the application specific requirements are consistent and feasible, and ensures thatrthe|

variants satisfy

3.6

the specific product’s requirements

application requirements management

manages tracq

ability and changes on application requirements

3.7

asset propos
includes majo
will be include

3.8
application s
requirements S

3.9

|

in a product line with their quantified costs and benefits, anid estimation results

ecific requirements
pecific to an application or requirements not covered in domain requirements

domain assetp in requirements

reusable artifz
requirements S

3.10
domain requi
identifies initia

3.1

domain requi
models domai
requirements

3.12
domain requi

cts produced during domain requirements engineering such as asset proposals,
pecifications and domain requirements models

ements elicitation
requirements from domain’/stakeholders for a product line

ements analysis
h requirements, so as to analyze and scrutinize commonality/variability of a product

ements specification

documents donain requirements for a product line based on domain analysis results

bound

assets (functional areas and high-level common and variablefeatures of all applications) that

jomain

line in

3.13

domain requirements verification and validation
confirms that domain requirements are corrective, consistent, and complete

3.14

domain requirements management
manages traceability and changes with respect to domain requirements and their relevant domain/application

artifacts

3.15

functional domain
categorized functions that are generally used together
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production plan
description of how domain assets are to be used to develop member products in a product line

3.17

requirements traceability
covers traceabilities in domain and application requirements respectively, and those between them

3.18

variability in requirements
deals with both external and internal variability in requirements engineering phase. Also variability modeling

and tra

ceability with domain requirements artifacts are addressed

4 R

pference model for product line requirements engineering

The méthods and tools for product line requirements engineering should support systematic mg

interac

ion of the domain and application requirements engineering processes. They als

adequately integrated with the subsequent processes of product line engineering lifecycle prog

to enag
artifact
describ

Produd
scope

Domai

The c
variab
indepe
helps

Applica

ble traceability between all requirements artifacts and the related -design, realizatio
5. In the rest of this document, product line requirements engineering practices, methods
ed in accordance with a framework focusing on product line requirements engineering (F

t line scoping leads and controls all work on a product line by creating and maintaining t
hrough ongoing interactions with the domain and application requirements engineering.

h requirements engineering serves to:

nagement and
b need to be
esses in order
h, and testing
, and tools are
igure 1).

he product line

decompose features defined in Product Line Scoping into initial requirements and ¢licit additional

requirements and derived requirements:from stakeholders and domain experts;
analyze domain requirements with the’variabilities of those;
model and simulate the static and behavioral constructs of domain requirements;

document domain requifements specifications that can be bound by specific membe
product line.

bmplexity of varjability grows higher in accordance with the complexity of a product li
lity from domain.requirements engineering mitigates this problem. Defining variability i
ndently leadsto a clear understanding of the necessary capabilities of tools and met
n selecting4ools that support product line requirements engineering.

tion(requirements engineering serves to:

!

products of a

he. Separating
requirements
ods, and thus

EUIUI Itlfy gdpb IUUtVVUUI I UIUI I Idil I fc:atm Co di Il.lI app“bdtiUl I bpcb;fib fcatul Co
reuse domain requirements from the asset repository and elicit application specific requ

define application variability model by binding domain variability model and adding appl
variability;

analyze and document application specific requirements;

irements;

ication specific

provide feedback to product line scoping and domain requirements engineering for the evolution of a

product line.
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The reference model for product line requirements engineering in Figure 1 is structured into five processes,
product line scoping, domain requirements engineering, variability management in requirements engineering,
asset management in requirements engineering, and application requirements engineering. Each process is
divided into subprocesses to address product line requirements issues, and each subprocess is described in
terms of the following attributes:

e The title of the subprocess

e  The purpose of the subprocess

e The inputs to produce the outcomes

e The tasks to achieve the outcomes

e The outcomes of the subprocess

e The capabilities of tools and methods are a list of the required support of tools and methods for
perfo[Ming the tasks property

Product Domain Requirements Engineering Variabflity
Line Management in|
. T Requirefnents
Scoping Domain Requirements Domain Requirements || Domain Requirements Domain Requiremenits Eq . .
Elicitation Analysis Specification Verification and Validation |«p> “M8Inerring
Product Variabillty in
i Domain Requirements Management |
Scoping q 8 textufal
- - - 1 requirethents
. Asset Management in Requirements Engineering
Domain
Scoping Domain requirements artifacts Application requireménts ¥ Variabillty in
as domain assets artifacts as application-assets requirerpents
A modg¢ls
sset
Scoping [{l,|/Application Requirements Engineering B[ Traceatitity
o - . Application — . betwden
Application Application Requirements Rezg irements Application Requirements requirerhents
Requirements Elicitation Analysis Spcification Verification and Validation variabilify and
variab{lity
Application Requir¢inents Management modl

Figure 1 — Product line requirements engineering

Product line s¢oping defines the member products and their major (externally visible) features, analyzes the
products from|an economic pointsef*view, and controls and schedules producing the product line nd its
products. The| major result of-this process is the asset proposals. Asset proposal includes major|assets
(functional domains and high-level common and variable features) for a product line with their quantified costs
and benefits, and ROIs exXpected from a product line development. More than one asset proposals [can be
made to find ¢ut an optimal set of products and assets. Domain and application requirements engineering
start from the features: defined in the asset proposals. Product line scoping shall serve to do the following and
to define the c@pabilities of tools and methods for supporting them:

leasing

specific applications to customers or to market.

e Domain scoping identifies and bounds the functional domains to provide sufficient reuse potential.

e Asset scoping identifies reusable assets, calculates the cost/benefit estimates to justify the product
line initiation.

Domain requirements engineering begins with using the outcomes of product line scoping. It comprehensively
captures the initial domain requirements for a product line, and constructs an initial-requirements specification
including a variability model. It also provides feedback on the changes required in the feature sets and the
product roadmap as a whole to Organizational Business Management process group. Domain requirements
engineering documents domain requirements specifications for the later use in domain design and in
application requirements engineering. Domain requirements engineering shall serve to do the following and to
define the capabilities of tools and methods for supporting them:

4 © ISO/IEC 2012 — All rights reserved
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Domain requirements elicitation captures initial domain requirements and anticipate
those.

Domain requirements analysis identifies functional and non-functional requirem
variabilities of those.
Domain requirements specification documents domain requirements based on analysis

d variations of

ents with the

results.

Domain requirements validation and verification confirms that the specified domain requirements are
consistent and feasible, and ensures that all products’ requirements within a product line are well

understood.
Domain requirements management provides management services for the dual
requirements engineering, i.e. domain and application requirements engineering.

Variability management in requirements engineering should be conducted in parallel

nature of the

with domain

requirgments engineering because variability models are clarified and modified gradually teg
domain and application requirements. Variability modeling starts in the domain requirements e
and cantinuously evolves throughout the product line life-cycle. This process is respansible 1
model [which documents the external variability explicitly. As domain requirements_engine

rve to do the following and\to-define the capabilities of tools and methods for supporting

application engin€ers reuse requirements assets in their application development.
Application requirements artifacts as application assets identify and manage applicatio
artifacts as.assets to be referred by the application later.

Applica
assess

tion requirements engineering identifies specific requirements for each product line men
the reusability of existing common and variable requirements to fully leverage a produg
It also [can provide feedback to domain requirements engineering so as to make a decision o

ether with the
icitation phase
or a variability
ering activities

management
5 and methods

using natural
sing modeling

haintains links

from domain
N requirements
ility potentials
s or develops
ne relationship
them are also
hem in asset
ts engineering
them.

Domain requirements artifacts as domain assets identify and develop necessary infofmation to help

N requirements

ber. It starts to
t line platform.
N incorporating

applicdtion” requirements assets into domain assets. Application requirements engineering sh
the following and to define the capabilities of tools and methods for supporting them:

e Application requirements elicitation identifies gaps between domain features and appli

Il serve to do

cation specific

features, reuses domain requirements from the asset repository, and elicits application specific

requirements.

Application requirements analysis abstracts, organizes, and models application specific
And this subprocess has to ensure that all requirements of the application sta
understood, and has to scrutinize the correctness, completeness, and consistencies
requirements.

Application requirements specification documents the analyzed application specific req
the bound portion of domain requirements specification.
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Application requirements verification and validation confirms that the specific product requirements
are consistent and feasible, and ensures that the bound variants are relevant to the specific product
requirements.

Application requirements management provides management services for subsequent changes of the

member product’s requirements.

The identification and analysis of the aspects for the product line requirements engineering will enable an
organization to understand the requirements engineering processes and to formulate a strategy for the
successful implementation of the concept. Requirements engineering processes for product lines should be

defined in terms of these aspects, and capabilities of tools and methods for supporting these pro
should be identified on the bases of these aspects:

Cesses

The following table shows the key aspects for each characteristic of product line requirements engineer

ng.

Category aspects

application engineering, domain assets, domain engineering, prq

Reuse mgnagement management, platform, reusability

duct

VariabilityJmanagement | binding, variability

collaboration, configuration, domain architecture,~ enabling techng

Complexity management support, texture, traceability

logy

Quality management measurement & tracking, verification & validation

o Application engineering: Domain requirements should be reused and external variability for $pecific
application should be bound. As a result, application requirements are specified.

e Asset)| Domain requirements engineering provides a gommon portion of requirements (gomain

requirgments) to application engineering through asset repository. Therefore the domain as
requirgments engineering and management is a distinguished aspect.

e Binding: Binding in requirements engineering should consider to reflect the external variability
binding is a distinct aspect of the product line development.

sets of

Thus,

e Collabpration: Since the domain requirements engineering and application requirements engipeering

can be performed in parallel, collaborations are necessary between engineering teams as

e Configuration: Configuration of products and artifacts of product line requirements engineering
multidimensional, i.e.,‘exist in time and space. Maintaining the integrity of those dimension

vell as
ement,
bpment

can be
5 iS an

Enabling technology support: Technologies that are needed to enable product line requirements
engineering are a key success factor of product line implementation.

Measurement & tracking: In product line requirements engineering, data collection, measures, and
tracking need to consider domain engineering, application engineering, product management, and
domain assets. This means that the measurements for product line are multidimensional and thus the
required activities, roles, procedures, tools, and methods should be considered.

Platform: Platform enables to reuse common elements (e.g., artifacts, components, connectors, etc.)
among products. Product line requirements engineering artifacts are key elements of a platform.
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Product management: Requirements engineering should deal with reusability of the product line from
the foreseen product line strategy. Since requirements continuously evolve in accordance with risks
and opportunities, product management should monitor and support the evolution of requirements.

Reusability: The reusability of assets from requirements engineering processes is clo

sely related to

achieve the overall goal of a product line. Achieving reusability throughout the product line

requirements engineering is a differentiating aspect.

Texture: Product line requirements are major inputs for establishing texture. Especially, for reflecting

functional and non-functional requirements, corresponding architectural texture shall be

Traceability: There exist various kinds of trace links between variabilities and the

established.

artifacts from

5 Pi

A prod

and the¢reafter the organization determines which features will be implemented by reusing or a

assets
organiz
produc
proces

The ab

5.1

FProduct'scoping

domain/application requirements engineering. It is necessary to develop a traceabi
handle tracing.

Validation and verification: In product line development environments, provisionin
evidences for validation and verification of requirements from various’ Viewpoints
application, variability, domain assets, etc.) is an important aspect, sg differentiated
single product development should be provided.

Variability: Variability in requirements engineering mainly deals\with external variabili
reusability strategy, which is not a concern of single product development.

oduct Line Scoping
Lict line organization needs to determine with which products and features will consist of
or which of them will be newly developed. Using objective and quantitative e

 lineinitiation base on the economic benefits. A product line scoping process includes
5es:

Product scoping determines_the-potential member products and initial common and vg
of those base on market inputs.
Domain scoping decomposes domains into subdomains (or functional domains) and 1
features determined.in’ product scoping to the subdomains.
Asset scoping ideftifies reusable assets, calculates the cost/benefit estimates to just
line initiation, and.provides a roadmap of a product line.

ove three types of scoping can be iterative.

ity scheme to

j of objective
(e.g., domain,
schemes with

ty related to a

a product line,
dapting legacy
ndeavours the

ation estimates economic benefits expeeted from a product line and makes a go/no-go decision for

three key sub

riable features
haps the initial

fy the product

Purpo
The pu

1)

2)

3)

5 of product scoping

rpose of product scoping is to determine product portfolio definition:

The products that the product line organization should be developing, producing, marketing, and

selling;

The common and variable features that the products should provide in satisfying customer needs and
reaching the long and short term business objectives of the product line organization; and

A schedule for introducing the products to markets.
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Inputs

A Product definition strategy - two main types are customer-driven and producer-driven strategies. In

a customer-driven strategy, member products of a product line are defined on demand based on
market inputs especially based on customer needs and wants. In a producer-driven strategy, the
product line organization defines the products.

Market information - for the product scoping period, which comes from the following:

market segments, their characteristics and expected future evolutions,
customer needs and their expected evolutions,

technologies and their expected evolutions,

existing and potential competitors, and

competitive products and their expected evolutions.

Other
produd

Outcomes
Produ

comm
A HigH

[ ]
Tasks

Structure i
products of
further scoq
Identify pro
performed

assets that

nternal information - necessary to develop and maintain an understanding and contro
t line organization as a whole.

bt portfolio definition - i.e., a (initial) product roadmap including products,.their externallyj
bn and variable feature sets, and a schedule for market introduction is established.
-level production plan is defined.

a product line, and business goals are structured in aform that is easy to refer for pro
ing activities.

Hucts. Identification of potential member products;.including existing ones and new ones
to meet market requirements and business goals. Existing products, prototypes, an

from intern
Analyze c

which features are inside or outside the product:line.

Define the| product portfolio. Member products and features that will consist of a product i
determined] The decision of the product ‘pertfolio should be consistent with an organizational
definition strategy (e.g., customer-driven,or-producer-driven strategies).

5.1.1

Information to
decision.

The method sh

Selecting in
Providing a

Structyire information to be used for scoping

| (e.g., domain experts) and external (e.g:‘Qutside experts of component vendors) resou
mon and variable features. An initial.description of a set of systems is made by an

be used for scoping/is extracted and structured so that participants in scoping make a

ould suppofttstructuring information to be used for scoping with the following capabilities

formatjen to be used for scoping
template for structuring necessary information

of the

visible

hformation to be used for scoping. Market information;yinformation of candidate member

essing

will be
i other

may be reused are identified and analyzedsInformation about the products may be gathered

rces.
alyzing

he are
product

correct

Figuring ou

ralationshin amaona-selacted-information-set and their raticonala
FerateRSHpaehRg-561 teoHHOHRaHe-Set+dRatHei—1atHoRate

Reorganizing information in accordance with the provided template

A tool should support structuring information to be used for scoping by allowing the user to do the following:

Accessing i

Supporting

5.1.2

nformation to be used for scoping (or providing interfaces for accessing)

Allowing documentation using the template

maintenance of the structured information

Allowing reuse of the structured information

Identify products

The goal of this task is to find member products for a product line, a release plan, and their high level features.
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The method should support identifying member products with the following capabilities:

Identifying existing and/or future member products that may be produced in the product line
Generating a possible member products list

Analyzing the generated possible member products list (using goals, market definition, etc.)
Selecting and defining an initial member products list

Verifying the defined initial member products list

A tool should support the identification of member products through the following means:

* Supporting team collaboration
* Supporting the documentation of the process for identifying member products

And it §

Col
Clu
Ma
Vis
for i

5.1.3

The co
and va

an organizational expectation on cost reduction through reuse

hould allow the user to do the following:

ect information for existing and/or future products that may be produced in the product lin
ster collected candidate products information

age clustered candidate products information

alize, model, and organize information about existing, future, and hypothétical products
nclusion in a product line.

Analyze common and variable features

mmon and variable features that are analyzed in this task have high level abstractions. 1
riable features including product quality are used for confirming whether or not the produ

e

as candidates

'hese common
ct line satisfies

The m¢thod should support analyzing common and variable features with the following capabilifies:

Ang
And
Dis

Eva
(thr
* Pro

A tool s

Modleling features (using an appropriate\feature modeling notation)

lyzing features (high level) characterizing products in the product line
lyzing product quality (that will be refined as'quality attributes in domain requirement eng
triminating common and variable features

luating common and variable features for ensuring that major features of products
bugh workshops, brainstorming and categorizing, etc.)
Viding a document template for'documenting common and variable features

should support analyzing.common and variable features by allowing the user to do the fol

Vis
All
All

5.1.4 | Define a product portfolio

Sugporting documentation of the rationale relate to the decision making and making it be
further scoping and requirements engineering activities

alizing common/variable features and product qualities
ing documentation using the template
ing the analyzed results being referred in the further scoping and requirements enginee

ineering)

are identified

owing:

ring activities
referred in the

The method should support defining a product portfolio with the following capabilities:

A tool should support defining a product portfolio through the following means:

* Providing templates for assisting in decision making
* Documenting the defined product portfolio

© ISO/IEC 2012 — All rights reserved
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5.2 Domain scoping

Purpose of domain scoping

The purpose of domain scoping is to decompose functional domains and maps initial features to the functional
domains to reduce complexity and to promote reusability of a product line.

Inputs

Product portfolio definition
Information collected from domain experts and existing products experiences

Outcomes

[ )
variab
A set
The pr

A domain scope definition (including functional (sub-functional) domains and theirCcomm

e features) is established.
of high-level features is defined.
oduct portfolio definition is refined.

bn and

Tasks

* [dentify fung ctional
domains ma

* Map feature

¢ Define doma

tional domains. Find, analyze, and categorize functions tosmaximize reusability. Fun
be derived by grouping features and hierarchically defined, (i:€~ including sub-areas).

b to functional domains. Identified features are distributed to)identified functional domains

in scope. Assess and select functional domains that best lend themselves to reuse.

5.2.1 Identify functional domains

Functional domains are identified and classified by expérts with sufficient experience and knowlgdge of
products in a groduct line. The technical feasibility of functional domains and features is validated and féatures
are further refiped.

The method sh
* Analyzing th

ould support identifying functional demains with the following capabilities:

e functionalities of domains, of“the product line (rules of inclusion or exclusion, sfructure
diagram, corntext diagram, etc. are example approaches for defining boundary of domain)

» Categorizing| functionalities that are used'together

* Documenting and structuring identified functional domains

* Verifying catpgorized functional-domains

A tool should qupport identifying functional domains with the following capabilities:

bam collaboration
nalyzed-and categorized results

» Supporting t
* Displaying a

And it should gllow/the user to do the following:

* Manage analyzed and categorized functional domains consistently
* Document the functional domains
* Manage the relationship between functional domains and associated analyses

5.2.2 Map features to functional domains

A mapping table for identified functional domains, products, and features is established for representing the
relationships among them.

The method should support mapping functional domains to features with the following capabilities:
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* Analyzing relationships between functional domains and features
* Mapping features to functional domains

* Refining functional domains and features

 Validating the mapping results

A tool should support mapping functional domains to features with the following capabilities:

* Displaying functional domains and features (e.g., an excel worksheet composed of a functional domains
column and a features row)
* Allowing documentation of the rationale for defining functional domain

And it should allow the user to do the following:

* Creale a relationship between functional domains and features
* Manage the relationship between functional domains and features

5.2.3 | Define domain scope

A domain scope is defined for relationships among the functional domains, products, and featur

11%
®

The méthod should support defining a domain scope with the following capabilities:

* Asséssing functional domains according to the variability and performance dimensions

 Sele¢ting functional domains using an appropriate decision-making, process (e.g., brainstorming, Nominal
Group Technology (NGT), Delphi)

* Managing issues relating to functional domain selection

* Verifying the defined domain scope

A tool $hould support defining a domain scope with the following capabilities:

* Displaying a domain scope definition

* Prov|ding a collaboration environment for reviewing, commenting, and communicating

And it $hould allow the user to do the following:

* Assess, verify, and document the domiain scope definition
* Rais¢ and resolve issues relating forthe domain scope

5.3 Asset scoping

Purpose of asset scoping

The pJrpose of-asset scoping is to identify potential reusable assets and to estimate the economic benefits
from reusing_the’ proposed assets. Assets are evaluated based on the effort required to gngineer them,
quantifled using effort estimation functions derived from historical data collected from existing r¢lated products
and domaifn experts.

Inputs

e A Domain scope definition (including functional domains and their common and variable features)
e Estimation models and/or other information of current practices
e Available measurement data (i.e., historical data for related domains)

Outcomes
e Asset proposals (including functions, features, and effort estimation results) are proposed.
e A quantified domain definition is established.
e ROl estimation results are produced.
e Lijst of existing assets is provided.
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Tasks

to better und

adapting pot

erstand the domain, identify potentially reusable assets.

ential assets to the product line.

Gather historical data from existing single products. ldentity and gather information about existing products
Estimate additional effort required to adapt potential assets. Estimate the additional effort required for

Estimate expected development effort for new products in the product portfolio definition. Estimate the cost,

effort, and risk of including new products into the product portfolio. This calculation is based on learning from
existing related products, development constraints, systems/software attributes, and market attributes.

Estimate economic benefits from reusing proposed assets. Estimate the economic benefit from reusing

existing assets, from reusing newly developed domain assets, and from reducing rework and failure due to
quality improvements.

Derive asse|
(functional d
extending th

5.3.1 Gathe

proposals 1rorT economic evaluation resuns. Deflne the asset proposals inciuding
omains and features) and their economic evaluation results. Establish asset prepos
e domain definition. Create detailed and quantified effort estimates for all assets in,the dg

I historical data from existing single products

Effort estimatipn can be conducted based on the historical data such as measurement data cumulate

existing releva

The method
capabilities:

* Defining wha
* Integrating d

ht products for a specified period of time.

hould support gathering historical data from existing single” products with the fq

t kinds of historical data should be collected
ata from various sources

» Searching data

* Verifying the|
A tool should
following:

* Allowing dog
* Importing so

validity of collected data

support gathering historical data from existing single products by allowing the user to

umentation for the results of gatheringhistorical data from existing single products
Lirces from other tools

* Providing management capability for historical-data

5.3.2

While some as
adaptation effq
too high, itis d

The method s
capabilities:

* Analyzing re

* Analyzing fac

Estimate additional effort required to adapt potential assets

sets are reusedias-they are, some others can be reused after adaptation. Therefore, est
rts are necessary before developing them as domain assets because if adaptation effq
fficult to expect benefits from domain asset reuse.

hould support estimating additional effort required to adapt potential assets with the fq

assets
bals by
main.

d from

llowing

do the

mating
rts are

llowing

ationships between existing and new products

tors for expected development effort for the new products

* Defining effort estimation functions for the new products
* Providing metrics for effort estimation that can be used
* Allowing adding a new metric if necessary

A tool should support estimating expected additional efforts required to adapt potential assets with the

following capab

ilities:

* Displaying the relationship between assets, functional domains, features, and products, and its influence on
economic benefit

* Providing metrics to be used to estimation so that tool users can choose among them

* Allowing adding a new metric if necessary

12
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5.3.3 Estimate expected development effort for new products in the product portfolio definition

Some products included in a product portfolio definition are new ones, so the efforts for them have to be
estimated based on the measurement data gathered from existing relevant products. This estimation should
be considered separately for estimating the whole benefits from a product line.

The method should support estimating the expected development effort for new products in the product
portfolio definition with the following capabilities:

* Analyzing relationships between existing and new products
* Analyzing factors for the expected development effort for the new products
* Defining effort estimation functions for the new products

A tool [Should support estimaiing expecied development efforts for new products In the product portfolio
definitipn with the following capabilities:

* Prov|ding metrics for effort estimation so that tool users can choose

* Allowing adding a new metric if necessary

* Displaying the relationship between assets, functional domains, features, and preducts, and its influence on
the gconomic benefit

And it $hould allow the user to do the following:

* Docyment estimated results of expected economic benefits for new-preducts

5.3.4 | Estimate economic benefits from reusing proposed assets
Effort pstimation functions for calculating the costs afd“vbenefits expected from propos¢d assets are
developed based on historical data and experiences.
The méthod should support estimating the economie benefits from reusing proposed assets with the following
capabilities:

* Collgcting historical data
* Analyzing historical data
* Estinpating expected benefits from histerical information

A tool should support estimating benefits from reusing proposed assets with the following capalilities:
* Docymenting the process of estimating benefits from reusing proposed assets

* Imparting historical datafrem various sources
* Displaying the relatioh among domains, sub-domains, products, and benefits

5.3.5 | Derive asset proposals from economic evaluation results

The gdal of this task is to integrate the previous estimation results for deriving asset proposals that include
costs gnd benefits due to a product line.

The method should support deriving asset proposals from economic data with the following capabilities:

* Integrating effort estimation results

* Making a decision on the asset proposals using a decision process (e.g., brainstorming, Nominal Group
Technology (NGT), Delphi)

* Verifying the decision making

A tool should support deriving asset proposals from economic data with the following capabilities:

* Documenting asset proposals

* Displaying asset proposals in a graphic user interface

» Offering automatic calculation using input data and pre-defined cost-benefit functions

* Highlighting asset lists that are necessary to develop as domain assets

» Allowing asset proposals to be used for tracing the gap between the estimated and actual cost/benefit
results
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6 Domain

Requirements Engineering

Functional and non-functional requirements are identified and documented with those external variabilities in
domain requirements engineering. Domain requirements engineering should adhere to the features defined in
the asset proposals produced at the product line scoping. These features are the key sources of domain
requirements. The defined domain requirements are referred by other domain and application engineering

process.

Domain requirements engineering has five basic subprocesses:

e Domain requirements elicitation. The purpose of this subprocess is to decompose features defined in
Product Line Scoping into initial requirements and to elicit additional requirements and derived

requirgments from stakeholders and domain experts. This subprocess also captures ya
anticippted over the product line members explicitly from domain stakeholders.

e Doma
variab

produgt line. Domain requirements should be analyzed more vigorously to find out.more comm

fewer
scope
e Doma
domai

Variabjlity in domain requirements specification will be bound by-specific member produc
produgt line.

e Doma
verify
each

application requirements validation and verification subprocess.

e Doma
chang

assets| that are commonly used across applications, the complexity of traceability and
manadement are high, so an effective countersplan for coping with the complexities is essential

6.1 Domain requirements elicitation

Purpose of the domain requirements elicitation

The purpose
stakeholders’

Product Line Scoping.

Inputs

Inform
Asset

List of

Outcomes

A set ¢f high-level features (from product line scoping)

n requirements analysis. The purpose of this subprocess is to find commonaliti€s and
lites based on the elicited domain needs in order to achieve targeted reuse goals

Linique requirements, so as to improve economic viabilities and benefits \And the prod
is a major input to determine the boundaries of a product line.

n requirements specification. The purpose of this subprocess is¢to~-document the ar
N requirements, where this specification includes both common “and variable requirsg

N requirements validation and verification. The purpose of,'this subprocess is to valida
hat the product line requirements are correct, complete, consistent, and they make se
broduct. Whereas, product-specific requirements~should be validated and verified

n requirements management. The purpose of:.this subprocess is to manage traceabilit
bs on domain requirements. Because of the>dual nature of the product line and the

bf the domain requirements elicitation is to decompose, discover, review, and und
needs and constraints related to a platform for a product line based on the outcomes

ation from sources (stakeholder’s of a domain)
bropesal (from product line scoping)

fiations

dentify
of the
on and
ict line

alyzed
ments.
s of a

te and
hse for
at the

es and
jomain
change

prstand
of the

existing assets

e Domain information (each application’s goals, problem definitions, current and potential users,
requirements, stakeholders, etc.) is maintained.

14

Domain information sources links are established.

Context diagram is defined.

Refined common and variable feature set is produced.

Classified domain requirements (initial set of common and variable requirements) are produced.
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Tasks

Draw a context diagram. A context diagram for the product line captures high-level entities and those
relationships (e.g. product line users, physical environment, or other systems related to the product line).
Gather domain information. Domain information is captured by holding workshops, examining the current
systems, and interviewing domain and application engineers.

Identify initial domain requirements. Domain requirements engineers review the gathered domain
information and identify initial domain requirements from the users’ points of view. A set of high-level
features, including the common and variable requirements that are produced during product line scoping,
are revised in more detail. Variabilities are refined and linked to the related models from other phases.
Review the elicited initial domain requirements. Elicited initial domain requirements are checked to see
whether they violate the product line’s scope and the requirements of the stakeholders. They are revised as
necegsary (INcluding a comparison With asset proposals).

The representatives and relevant stakeholders for domain requirements elicitation are-found |(e.g., potential
customers and other stakeholders such as domain experts and application engineers). Stakefolders include
people|who have knowledge about customers, competitors, market trends, and member produgts in a product

line.
NOTE Examples of techniques to elicit requirements:
¢ | Goal Question Metric (GQM)
¢ | Quality Function Deployment (QFD)
¢ | Kano modeling
¢ | Brainstorming

6.1.1 | Draw a context diagram

A contgxt diagram describes the relationships between.the domain environment and product life members. It
also dgpicts the relationships among product line members. This task serves to extract interacting objects and

their interactions within a product line.

A tool should support drawing a context diagram with the following capabilities:

The m]athod should support drawing a contéxt’diagram with the following capabilities:
i

Identifying the existing context diagrams for each product line member

Analyzing the domain environment (domain users, stakeholders, external systems, etc.)
Analyzing operational environment

Analyzing relations betweena family of products and identified domain entities
Diagfamming the domain:.context

Provlding documentation templates for domain entities with respect to relations betweeh product line
mempers and identified domain entities
Prov|ding,cheeklists for identifying domain entities
Allowing drawing up a domain context diagram

6.1.2 Gather domain information

Domain information is collected from a variety of sources by analyzing, for example, the requirements
currently met by the applications within a product line; the problems relevant stakeholders face with the
current applications, and change requests that are pending for the applications.

The method should support gathering domain information with the following capabilities:

Identifying domain information sources (e.g. product portfolio, high-level production plan, domain definition,
and asset proposals from scoping, interviews and surveys using context-free questions, and requirements
elicitation workshops and sessions)

Identifying stakeholders relevant to the product line
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» Gathering domain information (product line goals, stakeholders, goals and requirements for existing product

line members, goals and problems that are supposed to be tackled by the new applications, etc.)

* Validating the gathered domain information

A tool should support gathering domain information with the following capabilities:

* Importing domain information into the domain requirements elicitation workspace
* Providing templates for documenting the gathered domain information

* Providing repository (registry) for preserving domain information

* Maintaining trace links between domain information and its sources

6.1.3

Identify-initial-demain-requirements

The goal of thig task is to capture initial requirements from the product line stakeholders.

The method should support identifying initial domain requirements with the following capabilities:

* Reviewing gathered domain information

* Refining high-level features to lower level features

* |Identifying rgquirements related to features

* Collecting additional requirements for new applications within a product line

Describing dpmain requirements (e.g., ConOps, goal model, use case diagram, feature model)

Developing domain usage scenarios from the stakeholders’ points of view

A tool should qupport identifying initial domain requirements with the-following capabilities:

* Providing a rowsing, reviewing, and commenting environment on domain information

* Providing te
* Modeling el

And it should 4

plates for documenting elicited domain requirements
ited requirements from the stakeholders’ poipts‘of view

llow the user to do the following:

* Describe do:lgain requirements (standard template)

¢ Describe do

ain usage scenarios (standard:template)

6.1.4 Reviey the elicited initial domain requirements

Captured initia
The method sH

* Establishing
Verifying cor

domain requirements are reviewed to ensure their completeness and correctness.
ould supportireviewing the elicited initial domain requirements with the following capabili

traceability between elicited requirements and sources
npleteness and correctness of elicited results

L]
* Reviewing ¢
L]

brflicts among applications within a product line

es:

Resolving d

£ Ll Ll £ fliat ] P~ =i 4 k. ]
midiT TOYUITTTTICTIO PTUUTTTIT {UULUTTITTIUNTY CUTTITTUVLIO  UTITCOoUIVEU T UTUTT U UT Adllidiy 4

resolved in requirements analysis phase)
* Documenting elicited and classified requirements

A tool should support reviewing the elicited initial domain requirements with the following capabilities:

* Maintaining traceabilities between the elicited requirements and their sources
* Providing templates for documenting elicitation results
* Maintaining checklists for verification

16
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6.2 Domain requirements analysis
Purpose of the domain requirements analysis

The purpose of this subprocess is to define functional requirements, quality requirements, and risks in the
requirements and analyze their feasibility. As the requirements are analyzed, variability models are refined
consistent with previous models, and a domain requirements analysis is conducted with the Variability in
Requirements phase at the same time for managing variability models as a whole.

Inputs

Elicited domain requirements
High-level domain requirements models (e.g., Use case models, Feature models, conteixt diagrams)
Initial set of common and variable features

Initial set of common and variable requirements

Outcomes

e | Functional and non-functional domain requirements (including (conStraints, depehdencies, and
priorities) are established.
e | Domain requirements model (commonality model are established by refining use|case models,
feature models, and context diagrams produced in thecelicitation phase are refined and are
established.
e | Information relevant to variabilities. Variabilities in the(level of domain requirements (variabilities,
dependencies, constraints) are defined.

e | Technical/economic feasibility analysis results are/preduced.

o | Checklist for review is defined.

o | Conceptual test cases and scenarios for domajn’requirements are produced.

Tasks

» Classify and balance initial domain requirements. Initial domain requirements are classified info functionality,
quality attributes, constraints, and other non-functional requirements categories. The granylarity levels of
initia| domain requirements will be balanced by decomposing high level requirements into Jow level ones
and gggregating detailed requirements into higher level ones.

* Analyze commonalities and (variabilities. Requirements that are common for a family of products are
analyzed. Requirements that vary systematically from application to application (variabilities] are analyzed.
Varigbility analysis includes the identification of variation points, variants, and dependencies.

* Mod¢/ domain requirements. Domain requirements and their interdependencies are visualized at a high
level| of abstraction \te reveal incorrect, inconsistent, missing, and superfluous requirements. Domain
requirements models should deal with commonality and variability that are traceable to a domain variability

f implementing

certain cfitical requirements from numerous viewpoints (e.g., acceptable cost and perf¢rmance), and

understand/determine the risks and priorities of the requirements.

* Devi f 1o and scenarios
for acceptance testing are derived. These are commonly applied for all family members. These scenarios
and cases may be derived from requirements models like use case diagrams.

* Review the analyzed domain requirements. Analyzed domain requirements are reviewed for identifying and
correcting incompleteness and incorrectness.

6.2.1 Classify and balance initial domain requirements

This task serves for classifying and balancing initial domain requirements. Goals, business rules, functional
requirements, quality attributes, constraints, etc. are classified with respect to their common and variable
characteristics, and their granularities, incorrectness, and contradiction are coordinated for the further
analysis.
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The method should support classifying and balancing initial domain requirements with the following

capabilities:

Decomposin
Aggregating

Defining guidelines for balancing the level of abstractions of initial requirements

g the high-level initial domain requirements into lower-level ones
low-level initial domain requirements to higher level ones

Identifying conflicts among the initial domain requirements

A tool should support classifying and balancing initial domain with the following capabilities:

Importing elicited initial domain requirements and relevant information into the domain analysis workspace
Supporting editorial environment for decomposition or aggregation of initial domain requirements
Allowing discrimination of common and variable initial requirements

Providing do|

6.2.2 Analy

In this task, t
variants, bindin

The method sh

* Analyzing in
modeling co
Performing

across all af
applying org
Determining

cumentation templates for describing the classified initial domain requirements

re commonalities and variabilities

e common and variable requirements are analyzed. In case of variabilities variation
g times, dependencies, and constraints are also defined.

ould support analyzing commonalities and variabilities with the following capabilities:

tial common and variable requirements (e.g., by mapping réquirements to features; b
ncepts for product lines)

etailed analysis of requirements in order to determine ‘eommon and variable requir
plications (e.g. by mapping domain requirements withhmember products’ requirements
hnizational rules for deciding commonality and variability)

common and variable requirements

* Analyzing aftributes characterizing variable requirements*(e’g., binding times, variation points, ar

variants and

* Validating ar

A tool should s

Providing an
Providing a ¢
Importing rel
Showing rele

6.2.3 Model

Requirements
requirements.

The method sh

types

Providing rationale and assumptions (if necessary) for the common and variable requirements decisig

alyzed commonalities and variabilities-{ificluding consistencies among variabilities)

upport analyzing commonalities and variabilities with the following capabilities:

plysis workspace for deciding-eommonalities and variabilities

ocumentation template for'describing commonalities and variabilities in the requirements
evant information into the*domain analysis workspace

vant commonality and\variability information that are already defined

domain requirements

modeling-should be conducted for ensuring completeness and feasibility of identified

points,

using
bments

and by

d their

n

level

Homain

olld-support modeling domain requirements with the following capabilities:

Refining non

Modeling requirements (by using text or natural language or visual modeling)
Analyzing requirements models for their completeness, correctness, feasibility, and verifiability
Refining functional requirements (e.g., from scenarios, use cases)

-functional requirements

A tool should support modeling domain requirements with the following capabilities:

» Supporting domain requirements modeling or providing an interface for interacting with the modeling tool
* Allowing traces with domain requirements
* Providing a documentation template for documenting the domain requirements model

18
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6.2.4 Create prototypes and analyze feasibility

Prototyping is conducted for requirements that are ambiguous or have technical difficulties, and thereafter
feasibilities are analyzed based upon the prototypes.

The method should support creating prototypes and analyzing feasibility with the following capabilities:

* Prioritizing domain requirements
* Choosing requirements that will be prototyped

* Deciding what kinds of information must be collected

* Prototyping

* Gathering feedback and other necessary information from stakeholders designing and using the prototypes
* Analyzing Teasibility using the prototyping results

A tool $hould support creating prototypes and analyzing feasibility with the following capabilities

. GenIrating and storing user defined/tool provided checklists or templates for various analyses, (e.g.,
technical, economical, and operational analyses)

» Storipg and managing contents for rationale of feasibility analysis

* Exchiange information pertinent to prototyping with external tools

6.2.5 | Develop conceptual test cases and scenarios for acceptance testing

Test cases and scenarios that will be used in acceptance testing‘are developed in this task. Rgquirements for
which mno test cases can be developed must be further clarified‘before resuming this task.

The method should support developing conceptual testieases and scenarios for acceptance testing with the
following capabilities:

* Driving conceptual test cases and scenarios to be used acceptance testing (conceptual fest cases and
scenprios should deal with variable requirements) based on domain requirements (domain requirements
modgls or spec.)

* Prodlcing reusable conceptual test cases and scenarios in application requirements engineetling

* Allocgting a unique ID for each test case and scenarios

A tool|should support developing conceptual test cases and scenarios for acceptance tgsting with the
following capabilities:

* Allowing variabilities in(€onceptual test cases and scenarios for later binding in each member product

* Prov|ding a documenitation template for documenting derived test cases and scenarios

* Allowing users to.find and access relevant information (e.g., functional and non-functionall requirements,
variapility models)

* Gengrating test/cases semi/automatically from domain requirements

6.2.6

The goal of this task is to ensure that domain requirements are unambiguous and include all stakeholders’
requirements. And commonalities and variabilities are reviewed for ensuring correctness, economic and
technological feasibilities, and completeness of common requirements.

The method should support reviewing the analyzed domain requirements with the following capabilities:
* Identifying the ambiguous or unverifiable analyzed requirements
* Analyzing them with relevant stakeholders and suggesting changes

* Analyzing the impacts of the suggested changes on the analyzed domain requirements
* Revising the analyzed requirements as necessary
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A tool should s

upport reviewing the analyzed domain requirements with the following capabilities:

* Importing domain requirements analysis results
* Providing an environment for reviewing and commenting the domain requirements via communication

networks

6.3 Domain requirements specification

Purpose of the domain requirements specification

Domain requirements specifications document the functional and non-functional requirements and constraints

clearly and pr
links with the g

Inputs

Functi
prioriti
Doma
Variab
Conce
Techn
SRS (

Outcomes

SRS 1
produd
lines &

Tasks

Identify sou
requirement
Establish tra

Trace links gre needed among the domain requirements and between the domain requirements an

domain artifa
in Requirem
Document d
Review the

documentati

6.3.1 Identit

ssociated variability models to manage the requirements, variabilities, and their changes

bnal and non-functional domain requirements (including constraints,-dependencie
PS)

n requirements models

ility models (from Variability in Requirements)

ptual test cases and scenarios for domain requirements

cal/economic feasibility analysis results

Software Requirements Specification) template

or domain requirements is established. Domain requirements specifications (i.e., S
t lines) should distinguish commonly used requirements for all member products in the
hd application specific parts. Trace links from the requirements to the sources are establi

ces of domain requirements tosensure that all stakeholders know how and why o
n the SRS, to facilitate furtherclarifications, and to trace each requirement back to its ori
ceability through explicit trace links from the requirements sources to the domain require

cts (e.g., domain scoping). Trace links for managing variability are addressed in the Va
bnts phase.

bmain requireménts. Domain requirements are documented using an SRS template.
lomain requirements specification. Domain requirements specification is reviewed for e
bn completeness and correctness.

y sources of domain requirements

e trace

5, and

RS for
product
shed.

every
gin.

ments.
d other
riability

nsuring

Sources of domain requirements are identified for establishing trace links and for managing them during the
requirements management

The method should support identifying the sources of the domain requirements with the following capabilities:

* Analyzing domain requirements’ attributes
* |dentifying sources of all domain requirements
* Analyzing relationships between domain requirements and other domain artifacts

A tool should support identifying the sources of the domain requirements with the following capabilities:

* Finding and referring to information generated during the previous phases (from product line scoping to

domain requ

20

irements analysis)
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* Providing templates with predefined attributes for systematically recording relevant information about
domain requirements
* Recording and maintaining information about the identified sources of domain requirements

NOTE

Ratio

6.3.2

Establishing trace links for a product line is typically more complicated than for a single applicat
the prgduct line context there are more information sources (e.g., stakeholders, existing-prod

more

applicgtion development context. Therefore, tools play especially important roles invthe product

Examples of requirement attributes:

Decision for commonality or variability

nale for the decision

Products related to each variability
Relevant features derived from product line scoping

Establish traceability

ion because in
icts, markets),

main artifacts, more interdependencies and more valid configurations of the artifacts than in the single

ine context.

The m¢thod should support establishing traceability with the following capabilities:

* Establishing backward and forward trace links from domain requirements‘to requirements sogrces and vice-
versd

* Establishing trace links among requirements artifacts including scoping artifacts

* Establishing traceability tables

A tool $hould support establishing traceability with the follewing capabilities:

* Presenting backward and forward trace links between domain requirements and their sources

Defin
(i.e.,
optio]
requ
choo
Disp
grap
Prov

6.3.3

The gq
inform4

The m¢thod should support documenting the domain requirements with the following capabilitie

e Givin

ing explicitly typed trace links to determine whether a dependency between two artifact
choosing a requirement X in a product makes it mandatory to choose a requirement Y |
hal (i.e., choosing a requirement X in.a product makes it possible but not necessar
rement Y), or mutually exclusive (i.ef’choosing a requirement X in a product makes i
Se the requirement Y in a product)

aying trace links and associated«ce@mmonality and variability information between require
hically

Document domain.requirements

al of this task is.to make a well-structured specification of domain requirements with
tion.

ding templates with predefined traceability attributes for documenting traceability informgti

5 is mandatory
h the product),
y to choose a
impossible to

ments artifacts

on

all necessary

)

g.2unique ID to each requirement by differentiating common and variable requirements

* Defi

* Prior

H lal [alm Yol lat £ <l ' la. <l 4
Ty TCUSAVIC OTNO ITTTTPIAlT TUT UULUTTITTIUTY ©atlT pTuuuctl

itizing domain requirements

* Recording the domain level business rules (including corporate policies, government regulations, and
computational algorithms) separately from SRS

A tool should support documenting common and variable domain requirements with the following capabilities:

Impo

etc.

© ISO/IE

rting requirements models from the modeling tool for documentation

Storing the SRS and associated domain requirements in a (centralized) repository
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Providing templates for documentation (including the differentiation of common and variable requirements)

Checking the document quality and consistency through spell checking, data dictionaries, acronym tables,
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6.3.4 Review the domain requirements specification

The goal of this task is to ascertain the completeness, correctness, unambiguity, and traceability of the
domain requirements specification.

The method should support reviewing the domain requirements specification with the following capabilities:

* Ensuring that domain requirements specification includes all necessary contents

* Confirming that domain requirements specification can be easily reused for deriving application
requirements specification

* Resolving and revising the domain requirements specification

A tool should d

* Importing an
* Providing an
6.4 Domair
Purpose of th
The purpose g

and clear. Dor
consistency bg

upport reviewing the domain requirements specification with the tollowing capabllities:

d browsing domain requirements specifications
environment for reviewing, discussing, and commenting on the requirements specificatig

requirements verification and validation

e domain requirements verification and validation

f this subprocess is to ensure that product line requirements ‘afe complete, correct, con
hain requirements validation should be conducted with variability model validation to n
tween the requirements and variability.

Sistent,
aintain

Inputs

e Domaln requirements specification

e Conceptual test cases and scenarios

o  Check]ists for review

Outcomes

e Conceptual test cases and scenariosifor acceptance testing. These acceptance criteria are corpmonly
used tp derive acceptance criteria-for a specific product.

o Baselihed domain requirements. Documents produced from requirements elicitation, amalysis,
specification, traceability, testing, and requirements models are reviewed/inspected and validated.
Domain requirements are then baselined.

Tasks
* Verify domaln requirements. Ambiguous or unverifiable domain requirements are identified, and flomain
requirementg models” (e.g., SRS, use cases, test cases, and prototypes) and other documents prpduced

during domg

indrequirements elicitation, analysis, and specification subprocesses are examined. [

requirements

are verified using conceptual test cases derived during domain requirements analysis

Domain

22

Validate domain requirements. The specified domain requirements (functional and non-functional domain
requirements) are confirmed whether they are complete and correct set.

Validate conceptual test cases and scenarios for acceptance testing. Conceptual test cases and scenarios
are confirmed whether they are proper cases and scenarios for requirements-based system testing or
acceptance testing.

Baseline domain requirements. This task establishes the agreed upon and approved set of common
requirements for all member products. When the task has been completed, all requirements changes will be
subjected to thorough change and configuration control during domain requirements management.

Initiate change management process. Appropriate change management processes and configuration
management systems are initiated in this phase to enable well-managed changing of the domain
requirements after the requirements have been baselined.
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6.4.1 Verify domain requirements

This task ensures that the domain requirements are clear, understandable, and testable.
The method should support verifying domain requirements with the following capabilities:
* Verifying the specified domain requirements artifacts

* Identifying ambiguous or unverifiable requirements

* Providing checklists for verification

* Verifying common and variable requirements for optimization

A tool should support verifying domain requirements with the following capabilities:

» Guid|ng verification process

* Showing the specified domain requirements and relevant information

* Prov|ding multi-user write access to the same document

* Prov|ding an environment for team reviewing, marking up, and commenting of domain fequirements

* Prov|ding a documentation template for documenting the verification results_(including ratlonales for the
review decisions and the measures taken to correct the issues found)

* Notifying relevant stakeholders about the verification status

6.4.2 | Validate domain requirements
This tapk ensures the completeness and correctness of domain requirements.
The m¢thod should support validating domain requirements’ with the following capabilities:

Conflrming whether there exist missing or contradicting domain requirements
Prov|ding checklists for validation

Chegking the completeness and correctness of ' domain requirements
Validating the defined variabilities including-their variants and dependencies

A tool $hould support validating domain requirements with the following capabilities:

* Guid|ng the validation process

* Presgnting the specified domaintequirements and relevant information

* Prov|ding multi-user write access to the same document

* Prov|ding an environment for team reviewing, marking up, and commenting of domain requirements

* Prov|ding a documentation template for documenting the validation results (including ratijonales for the
review decisions and(the measures taken to correct the issues found)

* Notifying relevant.stakeholders about the validation status

6.4.3 | Validate conceptual test cases and scenarios for acceptance testing

% Lt + Al H ot H TN ] P~ N 1l IH £ ot 1
COnCe WUdi ol LAOoT o diiu oLTTIArnivo trat wilh VT CUTTITTIVTITY UoTU Vy dil dypiivativiio Wit a |0dUCt ||ne are

validated to ensure that they are enough to validate the completeness and correctness of member products.
During application requirements engineering, application specific test cases and scenarios are defined on top
of these conceptual test cases and scenarios.

The method should support validating conceptual test cases and scenarios for acceptance testing with the
following capabilities:

*» Defining validation criteria for conceptual test cases and scenarios
* Validating whether variabilities are structured well in conceptual test cases and scenarios
» Confirming whether application specific test cases and scenarios for acceptance testing can be derived

A tool should support validating conceptual test cases and scenarios for acceptance testing with the following
capabilities:
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* Browsing and accessing the domain requirements assets for validating conceptual test cases and scenarios

* Accessing traces among domain requirements assets, variability model, and defined conceptual test cases
and scenarios

 Allowing semi-/automated validation reports

6.4.4 Baseli

ne domain requirements

Domain requirements baseline is created and released in this task. Thereafter the changes for the baseline
are controlled and managed by change management tasks.

The method should support baselining domain requirements with the following capabilities:

* Establishing
* Establishing
* Managing th
A tool should s

* Providing an

* Exporting baselined domain requirements into the repository of change and‘Cenfiguration mana

systems

6.4.5

The change
management d

The method sh

« Establishing
change man
* Instituting a

A change man
instituted to su

* Initializing th
completed

* Setting up
managemen

6.5 Domair

Initiate¢ change management process

formal agreements for the domain requirements

a baseline for the approved domain requirements

e configuration of the baselined domain requirements

upport baselining domain requirements with the following capabilities:

interface to interact with the change and configuration management, systems

management should be initiated at this point{beforehand, proceeding further
efined in the requirements management.

ould support initiating a change management-process with the following capabilities:
a change management environment (e.g., the change management process and a sup
hgement information system)

change management information system and a supporting configuration management sy

pgement information system and a supporting configuration management system should
pport the initiation of the change management process with the following capabilities:

b repository where the baselined domain requirements can be stored when baselining hg

nterfaces for,_interacting with change management information system and config
[ system

requirements management

jement

change

porting
stem

be

s been

uration

Purpose of th

e domain requirements management

The purpose of the domain requirements management is to schedule, coordinate, and document the domain
requirements engineering process (elicitation, analysis, documentation, and validation) and deal efficiently and
effectively with stakeholders’ change requests during product line and product line member development.

Inputs

Engineering)

24
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Outcomes

New baselines and versions of domain requirements documents are established.
Impact analysis results (including impacts for domain requirements and application req
documented.

A change history for each domain requirement is maintained.

Updated domain requirements trace links are maintained.

Status accounting and reports are performed.

Domain requirements engineering process assets are produced.

Variability in Requirements) are documented.

uirements) are

Change requests for variability models (this is addressed in variability evolution sub-process of the

Tasks

6.5.1

Chang
raised
to a nu

Manage domain requirements change. Changes to the domain requirements are tracked and the approved

changes are communicated to all affected stakeholders.

Mangge traceability. Traceability management allows stakeholders to follow the Jife of ead
throyghout the life-cycle from the origin to implementation in both forward and-backward direc
Mangge versions of domain requirements. Versions of artifacts or work products produced
requirements engineering are managed.

Recqrd and report status (Status accounting). Management records, that"show the status an
controlled domain requirements baseline are recorded and reported. Status reports shou
number of changes for domain requirements and the latest artifacts’ versions produced

requirements engineering.

Manage process improvement. The domain requirements efgineering process and the enabl
syste
proc
Man
resol
othe

ss. Improvements are implemented based on these\assessments.

ge feedback. Feedback from other domain and“application engineering processes is
ved. Changes for variable requirements that-distinguish member products in a product
need to be conducted with the Variability,in'Requirements process for reflecting variabili

Manage domain requirements change

b management in a product line is"complicated because change requests for domain re
from application engineering@s well as domain engineering. Because domain requireme
mber of applications within,a’ product line, impact analyses of the requested changes ar

in the product line context than in the context of single products. Therefore, supporting tools an

essent

al.

The me¢thod should support managing requirements change with the following capabilities:

Acquiring changé requests for domain requirements
Analyzing the'impact on other domain requirements related changes

Analyzing the impact on other applications related changes

h requirement
tion.
during domain

 history of the
Id include the
during domain

ng information

ms are assessed and reviewed to understand the\strengths and weaknesses of th¢ implemented

managed and
line from each
ty changes.

uirements are
nts are related
e more difficult
d methods are

Apprpvirdg changes

) gl b - 1
Trackingchangerequests-statustoclosure

A tool should support requirements change management with the following capabilities:

Establishing a channel for requesting changes

Uploading change requests

Saving information about the sources of change requests
Notifying stakeholders about the statuses of change requests

Maintaining change histories (e.g., who changed the requirement, when and why the change was done)
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6.5.2 Manage traceability

The complexity of trace links in product lines are more complicated than the links for the requirements of a
single product because there are trace links in domain engineering, those in application engineering, and
those between domain engineering and application engineering..This task covers product line-specific tools
and methods’ capabilities to cover the complexity.

The method should support managing traceability with the following capabilities:
* Analyzing impacts on traceability related to change requests

* Revising trace links (e.g., between domain requirements and sources)
* Validating trace links

A tool should qupport managing traceability with the following capabilities:

* Maintaining yersions of requirements trace links for recovery
* Updating thg trace links
» Showing trageability information to a stakeholder in a certain role when the stakeholder requests it

6.5.3 ManaIe versions of domain requirements

Applications can share a number of versions of domain requirements artifacts:\Tools have to be provided to
cope with thesp complexities.

The method should support managing versions of domain requirements with the following capabilities:

» Specifying rgcent versions of the baselines of domain requirements”artifacts
* Describing the differences between baselines of domain requirements artifacts
* Managing the history of versions for recovering from failure

A tool should qupport version management of domain requirements with the following capabilities:

* Generating gn automatic version number

* Providing a recovery mechanism

* Providing repository for managing version history

* Tracing the Kertinent artifacts under the version control (requirements, models, etc.)
* Controlling versions of the baselines of-domain requirements artifacts over time

6.5.4 Recorfd and report status

The statuses fand histories (of-.controlled domain artifacts are continuously recorded and reported|during
domain requirgments management so that all applications can refer to them.

The method should support status recording and reporting with the following capabilities:

* Managing the\requirements management records and status reports for showing the statuses and hjstories
of controlled'artifacts

* Recording the contents and statuses of domain requirements artifacts for recovering previous versions of
artifacts when necessary

* Revising the status and history of each artifact if necessary

* Reporting the statuses of domain requirements artifacts

NOTE - Status reports should include the number of changes for requirements, latest versions of domain
requirements artifacts, release identifiers, and the number and comparisons of releases.
A tool should support the recording and reporting of status information with the following capabilities:

* Maintaining contents and statuses of domain requirements artifacts
* Controlling access of a user according to the authority and responsibility assigned to a user’s role
* Maintaining revision histories (management records and status reports) of domain requirements artifacts
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6.5.5 Manage process improvement
This task specifically deals with improving the Domain Requirements Engineering lifecycle processes.

Note - overall product line process improvements are addressed in Tools and Methods for Product Line
Technical Management.

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

Collecting process improvement requests
Appraising the weaknesses and strengths of the implemented domain requirements engineering processes
Developing domain requirements engineering process improvement recommendations based on process
imprévement requests and appraisal results
Devgloping an action plan for implementing the requested domain requirements engingering process
imprgvement

* Managing raised issues during the domain requirements engineering process implementation

A tool $hould support managing process improvement with the following capabilities:

* Maintaining domain requirements engineering process assets (e.g., process.descriptions, progess artifacts)
* Prov|ding templates for domain requirements engineering process appraisals
* Prov|ding templates for developing action plans for domain requireménts engineering process|{improvement

6.5.6 | Manage feedback

Feedback related to domain requirements must be colleeted from various sources such as| other domain
requirgments engineering services and application requirements engineering services. This tagk should have
the capability to deal with various kinds of feedbagk from all relevant sources and to communicate to the
sourcep providing feedback about the actions taken~or planned to be taken to deal with the feedback.

The method should support learning from feedback with the following capabilities:

* ldenfifying feedback sources

» Evalliating the feasibility of feedback

* Procgssing feedback (If changes.to domain requirements are likely, explicit change requests are established
and processed)

* Retufning the feedback proeessing results

A tool $hould supportimanaging feedback with the following capabilities:

* Establishing a_¢hannel for collecting feedbacks

» Capturing and.saving feedback and information about the sources of feedback
» Updatingthe status of feedback

» Communicating the feedback processing results to the sources of feedback

7 Variability Management in Requirements Engineering

Variability in Requirements process should be conducted in parallel with domain requirements engineering
because variability models are gradually clarified and modified together with the domain and application
requirements. Variability modeling is started in the domain requirements elicitation subprocess and the models
evolve continuously throughout the product line life-cycle.

This process establishes and maintains the external variability for the product line but part of the internal

variability might be specified. Variability management in requirements engineering has following
subprocesses:
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 Variability in textual requirements serves to express and document the variability in requirements using
natural language and makes them explicit.
» Variability in requirements models serves to document variabilities by integrating them into requirements

models.

» Traceability between requirements variability and variability model serves to establish and maintain links
between requirements variability documentations and variability model defined separately.

71

Variability in textual requirements

Purpose of variability in textual requirements

The purpose (
using natural
ambiguity ever

Inputs

e Textus

Outcomes

o Textuas

Tasks

Define requ
requirements
variabilities 9
Document reg
variability. R
variants in a

7.1.1 Defing

The goal of th
be made explig

The method
capabilities:

f variability in textural requirements is to express and document variabilities in requir
language and makes them explicit. Documenting requirements variability leaves\.ro
when textual requirements are expressed using certain keywords or phrases.

| requirements documents

| requirements documents explicitly expressing requirements variability are defined.

irements variability in textual requirements\oto illustrate requirements variability
are expressed in natural language. Variatiof;point and its variants including its effect 0
hould be depicted explicitly.

quirements variability in textual requirements to augment structural and relational inform
equirements variability has to be documented to provide the means to select or

pplication requirements engineering.

requirements variability in textual requirements

S task is to expressivariability by certain keywords. The variation point and its variants
it by adding extra ‘annotations.

should support defining requirements variability in textual requirements with the fo

* Making textu

* Making varigtienpoints and its variants explicit and expressing them

al requirements variability explicit

bments
om for

when
h other

ption of
rocess

have to

llowing

* Depicting the effect of a variability

A tool should support defining requirements variability in textual requirements with the following capabilities:

* Highlighting variable requirements for discrimination
* Providing notation for making requirements variability explicit

7.1.2

Document requirements variability in textual requirements

The goal of this task is to document structural and relational information of variability in a textual format. It

should provide

28

the means to select or process variants in application requirements engineering.
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The method should support documenting requirements variability in textual requirements with the following
capabilities:

* Adding structural information to textual requirements variability necessary to select or process a variability,
e.g. unique identifiers for variants

* Adding relational information among textual requirements variabilities

* Structuring the requirements variability to make processing be possible

* Validating the readability of requirements variability documentation

A tool should support documenting requirements variability in textual requirements with the following
capabilities:

* Enahling trace links from a variability model defined separately
* Prov|ding capability for identifying each variant uniquely

7.2 VYariability in requirements models
Purpose of variability in requirements models
The puirpose of variability in requirements models is to explicitly docufment variabilities ir] requirements
modelq. Variabilities should be are expressed in various types of requirements models including feature, use
case, dtate transition, sequence, data, and etc.
Inputs
e | Requirements model
Outcomes
o | Requirements models explicitly expressing requirements variability are defined
Tasks
» Definle requirements variability inl-requirements model to explicitly express requirements variability in
requirements model. Variation:points with their variants and constraints are described i requirements
. gggf/:.ent requirements wvariability in requirements model to elaborate relevant infofmation about

requirements variability-in~requirements model and to offer clear understanding of variability ipn requirements
modgls.

7.2.1 | Define'requirements variability in model

The ggal ef-this task is to express variability by certain keywords or phrases. The variation point and its
variant“MWaMmWMﬂmmn&—'l' i i i

The method should support defining requirements variability in model with the following capabilities:

* Making requirements variability in requirements model explicit
* Expressing explicitly the variation point, its variants, and constraints of variants
» Expressing separately the variability of functional or non-functional requirements

A tool should support defining requirements variability in model with the following capabilities:

* Providing modeling notation to make requirements variability explicit
* Providing notation for separating the functional and non-functional requirements variability

© ISO/IEC 2012 — All rights reserved 29


https://iecnorm.com/api/?name=6e8cf228ca65155a25c497d4d0d89cf8

ISO/IEC 26551:2012(E)

7.2.2 Document requirements variability in requirements model

The goal of this task is to elaborate requirements variability in documentation of requirements model so that
requirements variability is integrated into requirements model documentations. Requirements variability is
documented by using different requirements models, i.e. feature, use case, state transition, sequence, data,
and etc.

The method should support documenting requirements variability in requirements model with the following
capabilities:

* Adding elaborations to requirements variability in requirements model

* Establishing relationships among the same requirements variability documented in different ways
* Adding gluegthat support inking with variability model

* Integrating the requirements variability documents documented in different requirements models
* Validating the requirements variability documentation to ensure unambiguous documentations

A tool should Jupport documenting requirements variability in requirements model with the(felfowing
capabilities:

* Enabling trage links from a variability model that is defined separately
» Supporting integration of requirements variability documentations which are documented in different types of
requirements models

7.3 Traceability between requirements variability and variability model
Purpose of traceability between requirements variability and variability model

The purpose of this subprocess is to establish links betweenrrequirements variability documents and variability
model defined [separately.

Inputs

¢ Requifements models or textual requirements documents including requirements variability
e Variabjlity models

Outcomes
¢ Requifements variability including trace links with variability models are defined.
Tasks

* Define expligit links\between requirements variability and variability model. Trace links of requirements
variability in fequirements documents with the separated variability model are established and maintajned.

7.3.1  Define explicit links between requirements variability and variability model
The goal of this task is to establish explicit trace links between requirements variabilities and variability model.

The method should support defining explicit links between requirements variability and variability model with
the following capabilities:

* Determining links of variability model with the requirements variability in requirements documentation

* Confirming whether requirements variability is consistent with variability model

* Checking whether the different definitions of requirements variability in requirements documentations are
consistent.
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A tool should support defining explicit links between requirements variability and variability model with the

following capabilities:

* Importing and browsing a variability model
* Storing links between requirements variability and variability model
» Supporting assessment of deviations between requirements variability and variability model

8 Asset Management in Requirements Engineering

Asset management in requirements engineering is a process in which the requirements artifacts resulting from
domain and application requirements engineering are structured as assets. Variability as well as commonality

in dom . ;

reusabjlity potential are defined as domain assets. Asset management in requirements adds_or
elaborations and specifications to requirements artifacts to be reused as domain asséfs. T
among| requirements domain assets for being reused successfully or managing changes on
analyzg¢d in this process area. Subprocesses for configuring domain assets and{managing
repositpry refer to Asset management of ISO 26555.

Asset (nanagement in requirements engineering has two basic subprocesses:

* | Domain requirements artifacts as domain assets serves( to identify and deve
information to help application engineers reuse domain.feguirements assets in th
development. This process develops necessary glues that will be used for i

created and analyzed when the domain assets are derived and refined.
Application requirements artifacts as application. assets serves to add extra descrip
relationships to application assets.

The dg
engine
and bu

main requirements models and specifications’are important domain assets as applicatio
bring will reuse them to define their requirements. And they will be used to refine the pro
Siness cases and determine the feasibility of requirements.

8.1 Domain requirements artifacts as domain assets

Purpose of domain requirements- artifacts as domain assets
The pyrpose of this subprocess is to identify domain requirements artifacts for using them as
over a humber of applications.

Reusable artifacts among designated work products of the domain/application requirements e
will plgce under €ontrol as domain assets are elaborated. Work products developed in donm
requirgments engineering, e.g. features, models, and textual or model-based requirements spj
elaborated formaking them as domain assets.

ffacts with high
develops extra
e relationship
them are also
them in asset

op necessary
eir application
tegrating and

orchestrating domain assets with other domain assets’ and for reusing the assets. Sucl information is

tions including

N requirements
juct line scope

domain assets

ngineering that
ain/application
ecification, are

Inputs

e Domain requirements models

e Application requirements models that have reuse potential

e Domain requirements specifications

e Application requirements specifications that have reuse potential

e Request from an application engineer for making requirements artifacts as envisioned domain assets
Outcomes
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Configuration and annotations for domain requirements artifacts are defined or developed
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Tasks

* Identify domain requirements artifacts managed as domain assets. Domain requirements artifacts such as
models and specifications that will be managed as domain assets are indentified. This task also covers
application requirements models that have reuse potential.

» Define configuration and annotation. Domain requirements artifacts identified as domain assets are
structured according to the defined domain asset configuration and attached annotations for proper reuse.

8.1.1

Identify domain requirements artifacts managed as domain assets

The goal of this task is to identify domain requirements artifacts that will be reused as domain assets including

both common

and variable requirements.

The method s
following capa

* Selecting do
* Evaluating s
* Establishing

A tool should 5
capabilities:

* Importing do
* Storing the li

8.1.2

The goal of th
help with reuseg

Processes to ¢
engineering or|
binding varian
specifies how i

The method sh

* Defining configuration of domain requirements artifacts that help retrieve, update, delete, or n

traceability
* |dentifying a

developmen
* Validating cg

Defing configuration and annotation

hould support identifying domain requirements artifacts managed as domain assets "\
ilities:

Main requirements artifacts that have reuse potential
blected domain requirements artifacts (e.g. checklist for evaluating reusability)
backward trace links with scoping assets

upport identifying domain requirements artifacts managed as domain assets with the fg

main requirements artifacts that have reuse potential
5t of domain requirements artifacts as domain assets

s task is to define and develop the further structure of domain requirements artifacts t
at the application developments.

uide how to derive the requirements\for an application from the domain assets in requir
how to validate the derived requirements for an application can be added. They can als
Is. Each domain assets in requirements engineering should have attached process
t will be used to develop individual product’s requirements.

ould support defining‘configuration and annotation with the following capabilities:

hnotations{iecessity to reuse domain requirements artifacts as domain assets at the app
S
nfiguration and annotations for domain requirements artifacts

ith the

llowing

hat will

bments
b guide
bs that

aintain

ication

* Allowing the access of existing information for defining configuration and annotation (the configuration
includes trace links with the relevant scoping assets)

* Allowing the
* Providing an

access of domain requirements artifacts
editor for template definition

8.2 Application requirements artifacts as application assets

Purpose of application requirements artifacts as application assets

The purpose of this subprocess is to establish the structure of application assets in requirements as
constituent relationships with other application engineering processes.
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Application requirements artifacts

Outcomes

Tasks

Configuration and annotations for application requirements artifacts are defined or developed

* Identify application requirements artifacts managed as application assets. Application requirements artifacts
that have relationships with successive application engineering processes are selected and determined.

» Define configuration and annotation for application requirements assets. The structure and

appli

them at each application development are defined and developed.

8.21

The gdal of this task is to identify application requirements artifacts such<as-models and spec

mainta

The m
the foll

e Sele

A tool

following capabilities:

* Imparting application requirements artifacts
» Supgorting reviewing and editing application’requirements artifacts

8.2.2

The gqgal of this task is to define or develop the structure and information for application requi
that will be referred by thé:successive application development. Configuration for applicatio

assets

The m
followi

Cation requirements assets that are necessary to maintain them within the asset reposit

Identify application requirements artifacts managed as application-assets

ned in each application development.

pthod should support identifying application requirements artifaCcts managed as applicat
bwing capabilities:

Cting application requirements artifacts used at the later’processes of application develop|

should support identifying application requirements artifacts managed as application 3

Define configuration and.annotation for application requirements assets

that will help it to-be/managed as assets is defined.

thod should support defining configuration and annotation for application requirements
g capabilities:

annotations of
Dbry or to reuse

fications to be

on assets with

ment

ssets with the

ments assets
requirements

hssets with the

* Defirling ‘configuration of application requirements assets that help retrieve, update, delete, or maintain
traceahility
* |dentifying € application developments

y
* Validating configuration and annotations for application requirements assets

A tool should support defining configuration and annotation for application requirements assets with the
following capabilities:

* Allowing the access of existing information for defining configuration and annotation

Allowing the access of application requirements assets
Providing an editor for template definition

Supporting trace links among application requirements assets
Supporting trace links between assets resulting from the later application engineering processes
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9 Application Requirements Engineering

Application requirements come from the stakeholders of a member product. The domain variability model and
domain requirements help elicit the application specific requirements. The requirements of a member product
that can be selected from domain requirements should be bound properly. The gap between domain
requirements and a member product’s requirements must be analyzed. Unsatisfied requirements stemming
from the gap may be met by implementing application specific requirements artifacts. Application
requirements artifacts to be integrated in the domain requirements artifacts, and requests for additional or
altered requirements, are issued during the application requirements engineering. When high priority

application req

uirements are shared by many applications, domain engineering should be requested to ensure

that the next platform release will satisfy the requirements.

Application req

o Applic
specifi
Applic
are u
requirg
is, the
negoti
Applic

uirements engineering has five basic subprocesses:

htion requirements elicitation identifies stakeholders relevant to an application, elicits’application

C requirements and binds the appropriate variants

htion requirements analysis first ensures that all requirements of the application stakeholders

nderstood and scrutinized for incorrectness, omissions, and incoensistencies rough
ments modeling. Requirements that cannot be satisfied through the domédin requirements, that
gap between domain and application requirements, are then documented, analyzgd, and

hted.

htion requirements specification documents application requirements by adding a member

produgt specific requirements to the specification of the bound domain’requirements.

e Application requirements validation and verification reviews and tests the requirements relevant to the
bound| variants and the remaining gap and examines‘/their rationales. Application $pecific
requirgments and the bound domain requirements are yerified to ensure they make sense [for the
produgt.

e Applicgtion requirements management manages- fraceabilties and changes of application
requirgments. Traceability management deals with traceabilities among application requiremerits, and
traceapilities between requirements and application variability models. Changes in the application
requirgments can impact the related domain assets so that impacts should be carefully analyzef.

9.1 Applicgtion requirements elicitation

Purpose of the application requirements elicitation

The purpose |of the application-fequirements elicitation is to identify the appropriate stakeholdefs and
application spgcific requirements’/sources and to elicit application specific functional and nonfunctional
requirements [from them. (Application requirements engineers use variation points and varignts to
communicate ith stakehoelders and let them select the variants that best meet their requirements. Application
requirements gngineers-hind the selected domain requirements. Thus a domain variability model can be used
to guide the agplication.€elicitation ensuring systematic reuse.

Inputs

e Application stakeholders and other Information sources related to the application

o Domain assets related to the application

e Variability models related to the selected domain assets including trace links

e Binding information

Outcomes

e Domain assets are selected.

e Variant bindings including the rationales of variability resolutions are conducted.

e Application specific requirements lists (in elicitation service) are made.

o FElicited requirements gaps between application and domain requirements are defined.

e Application variability model in requirements elicitation is defined.
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Tasks

* Draw a context diagram for an application. A context diagram for an application captures high-level entities
and those relationships (e.g. users of a member product, physical environment, or other systems related to
a member product).

* |dentify the requirements gaps between domain and application requirements. The gaps and their impacts
are analyzed and evaluated. Application specific features defined in Product Line Scoping should be
decomposed into initial application requirements and additional application specific initial requirements and
its derived requirements should be elicited.

* Bind the best matching variants. Variants that meet the application requirements to the maximum possible
extent are selected.

» Select domain assets. A set of domain assets associated with an application are identified from asset
repogHery-

* Review the elicited initial application requirements to see whether they violate the applicatign’s scope and
the requirements of the stakeholders and revise them as necessary (including a comparison| with the asset
proppsals)

9.1.1 | Draw a context diagram for an application

A contéxt diagram describes the relationships between an application and.its’environment. Thiq task serves to
find application users, relevant systems for interoperability, and other rélationships.

The m¢thod should support drawing a context diagram for an application with the following capgbilities:

* Analyzing the application environment (e.g., application users, stakeholders, external systemg)
* Analyzing the relations among identified entities
» Diagfamming the application context under the productline context

A tool $hould support drawing a context diagram forian application with the following capabilitieg:

* Prov|ding documentation templates
* Prov|ding checklists for analyzing the entities involved in application environment and their relgtions
* Drawing an application context diagram

9.1.2 | Identify the requirements.gaps between domain and application requirements

Application specific initial requirements which are not in domain requirements are elicited in|this task. The
applicgtion requirements_are assumed to significantly overlap with the domain requiremgnts. However,
detailefl requirements eli¢itation and analysis only needs to be conducted for those applicatiop requirements
that capnot be implemented by using the product line platform.

The method should support identifying the requirements gaps between domain and application requirements
raised |n this phase with the following capabilities:

¢ DeriMlinginitial gaps based on application specific features defined in Product | ine Scoping

* Decomposing application specific features into application initial requirements

* Identifying additional gaps with the help of the domain requirements and variability model

* Analyzing the impacts of the gaps

* Reviewing the gaps with respect to the required change efforts

» Creating additional application specific initial requirements lists (including preliminary classifications —
functional/nonfunctional)

* Leveraging the domain variability model to help stakeholders understand domain requirements and revise
their requirements and expectations as necessary

A tool should support identifying requirements gaps between the domain and application requirements raised
in this phase with the following capabilities:

* Browsing the relevant scoping assets, domain requirements assets, and variability model
* Providing a document template for documenting the gap resolutions and their rationales

© ISO/IEC 2012 — All rights reserved 35


https://iecnorm.com/api/?name=6e8cf228ca65155a25c497d4d0d89cf8

ISO/IEC 26551:2012(E)

* Providing a documentation template for documenting the information for the application specific initial
requirements that cannot be met by the bound variants
» Recording sources of application specific initial requirements

9.1.3 Bind the best matching variants

This task serves to determine external variants selected by customers and other stakeholders and to bind
relevant internal variants for all selected external variants. Binding information provides information to which
variants the application are related. A set of domain assets is delivered from the asset repository after binding.

The method should have the following capabilities to support binding the best matching variants:

* Analyzing the relevant domain variability models and the domain requirements artifacts linked|to the
variability mgdels with trace links

* Binding the ipternal (technical) variants associated with the external variants

* Validating the bound variants

A tool should qupport binding the best matching variants with the following capabilities:

* Importing thm relevant variability models

* Importing other relevant domain assets into the application workspace

* Showing the|variability models (e.g., variants and dependencies) for binding-yariability

* Indicating th¢ variants that best meet stakeholders’ needs and storing rationales for the selections
» Checking the variability dependencies and constraint dependencies of the selected variants

* Recording tHe rationales for the decision

9.1.4 Selecf domain assets

A set of domajin assets related to an application is elicited. When domain assets are selected, the rglevant
domain assetg| for the different product line stages.should be elicited. The goal of this task is to mine a set of
domain assets|from the asset repository associated,with an application.

The method should support selecting domainjassets with the following capabilities:

* Finding the relevant domain requirements artifacts with the help of the application variability model
* Evaluating them from the viewpoints of application and the reusability requirements imposed by the product
line

A tool should qupport selecting.domain assets with the following capabilities:

* Providing an|interface-fo{interact with the asset repository
Enabling thg stakeholders to view the variability model and associated domain requirements (prdferably
visually throygh graphical models)
* Importing tHe<relevant domain requirements and variability models into the application engiheering

workspace
* Recording the rationales for the selections

9.1.5 Review the elicited application requirements

The captured application requirements are reviewed to ensure that they are correct, complete, and
understandable.

The method should support reviewing the elicited application requirements with the following capabilities:
* Checking trace links between the elicited requirements and their sources

* Integrating the requirements into the relevant domain requirements document
* Verifying the completeness and correctness of the elicited requirements
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A tool should support reviewing the elicited application requirements with the following capabilities:

* Allowing trace between the elicited requirements and sources
* Providing an editing environment to integrate the domain requirements with the application specific

requi
* Main

rements
taining the checklists for verification

9.2 Application requirements analysis

Purpose of the application requirements analysis

The py
and co
specifi
evalua
they a
resour

The trg
engine
All outq
require

Inputs

Outcomes

[
Tasks

Clas
class
The

requ
* Anall
An a

nstraints in order to extend the specification of the bound variants into an applicatio
ation that fully meets the application requirements. Relevant tasks include- ‘buildi
ing feasibility, and negotiating priorities. Because the relevant domain assets_are’ typig
e, only the application specific requirements are analyzed and refined in{detail, sav|
es compared to traditional single-system engineering.

ering. In this subprocess, the relevant domain assets are retrieved\by using the traceabil
omes of this subprocess deal with application requirements holistically, that is, both app
ments and the domain requirements associated with the bound-yariants.

Elicited application requirements
Relevant domain assets

Functional/non-functional application,” requirements (including constraints,
priorities) are refined.

Application requirements models-(e.g., use case, feature model, context diagram, and ¢
are defined.

Technical and economic-feasibility of the application (technical prototypes) are determir
Application test cases ahd scenarios are defined.

deper

5ify and balance application specific initial requirements. Application specific initial reg
ified into fdnetionality, quality attributes, constraints, and other non-functional requireme
granularity levels of application specific initial requirements will be balanced by decompg

z€ commonalities and variabilities. Requirements that are specific to a member produc

rements into low level ones and aggregating detailed requirements into higher level ones.

" requirements

requirements
ng prototypes,
ally reused as
ng substantial

ceabilities among domain assets should be established and well maintained in domaif requirements

ty information.
ication specific

dencies, and
ata dictionary)

ed.

uirements are
hts categories.
sing high level

are analyzed.

pplication variability model may include new variation points and/or variants
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Model application specific requirements. Application specific requirements and their interdependencies are
visualized to reveal incorrect, inconsistent, missing, and superfluous requirements. Application specific
requirements models should be traceable to both domain requirements assets and an application variability
model.

Create prototypes and analyze feasibility. Prototypes can be used to evaluate the feasibility of implementing
certain critical application specific requirements from numerous viewpoints (e.g., acceptable cost and
performance).

Develop conceptual test cases and scenarios for acceptance testing. Conceptual test cases and scenarios
for acceptance testing of a member product are derived. These scenarios and cases may be derived from
application specific requirements models like use case diagrams.

Review the analyzed application requirements. Analyzed application requirements are reviewed for
identifying and correcting incompleteness and incorrectness.

37


https://iecnorm.com/api/?name=6e8cf228ca65155a25c497d4d0d89cf8

ISO/IEC 26551:2012(E)

9.2.1 Classify and balance application specific initial requirements

This task classifies application specific initial requirements and then coordinates the granularity of the initial

requirements for the further analysis.

The method should support classifying and balancing application specific initial requirements with the

following capabilities:

* Defining guidelines for balancing the level of abstractions of initial requirements

* Decomposing the high-level application specific initial requirements into lower-level ones by balancing with

the bound domain requirements

* Aggregating low-level application specific initial requirements to higher level ones by balancing with the

bound doma(Ln requirements
* |Identifying conflicts among the application specific initial requirements

A tool should [support classifying and balancing application specific initial requirements with, 'the fg
capabilities:

* Importing the¢ domain requirements classification results for integration
* Importing eljcited application specific initial requirements and relevant information” into the app|
requirementg analysis workspace

llowing

ication

» Supporting gditorial environment for decomposition or aggregation of application‘specific initial requir¢gments

* Allowing disgrimination of derived requirements from domain requirements-with application specifi
requirements
* Allowing dodqumentation of the classified application specific initial requirements

9.2.2 Analyze commonalities and variabilities
This task analyzes application specific requirements_yariabilities. Commonalities can be analyz
considering adaptation. And an application variability model may include new variabilities in accordan

the decisions.

The method should support analyzing commonalities and variabilities with the following capabilities:

* Analyzing application specific requiremefts variabilities under the leverage of commonalities and
variability mgdel

* Analyzing ingonsistencies of bound variabilities and application specific requirements

* Analyzing cdmmonalities similarto‘the application specific requirements for considering adaptation

 Defining application specific yariation points and/or variants if necessary

A tool should Jupport analyzing commonalities and variabilities with the following capabilities:

* Allowing refdrence.o.the elicited application specific requirements and bound variable requirements
* Allowing refdrence to the collected information related to the application specific requirements

C initial

ed for
ce with

jfomain

* Allowing refgrence to the commonalities and domain variability model
* Supporting ' fcati iff fatf i

9.2.3 Model application specific requirements

The goal of this task is to ensure completeness and feasibility of the application specific requirements t

hrough

modelling. Application models with defined variability bounds in domain requirements models are integrated

into the requirements models.
The method should support modeling application specific requirements with the following capabilities:
* Refining the functional application specific requirements (e.g., from domain scenarios, use cases)

* Refining the nonfunctional application specific requirements
* Modeling the application specific requirements in a consistent way with domain requirements models
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* Analyzing the requirements models for their completeness, correctness, feasibility, and verifiability
* Prototyping if necessary to analyze feasibility

A tool should support modeling application specific requirements with the following capabilities:

Supporting requirements modeling

Storing and content management of the rationale of the feasibility analysis

Exch

9.24

* Allowing traces the models with application specific requirements

anging information pertinent to prototyping with external prototyping tools

Create prototypes and analyze feasibility

Protot)jping is conducted only for the bound variants, application specific requirements, anght

that a
require
be real

The m
capabi

* Prior
¢ Choq
* Deci
* Protq
e Gath
* Anal

A tool
capabi

e Stori
and
e Stori
e Exch

9.2.5
The gd
them w
with th

The m

following capabilities:

¢ Deve

e not conducted during domain requirements engineering to distinguish ambiguous
ments. If the bound variants have been fully implemented in domain realization phase,
zed quickly on top of the realized variants.

ities:

tizing the application requirements considering the priority of relevant’domain requireme
sing application specific requirements that will be prototyped

Hing what kinds of information must be collected

typing

ering the necessary information

zing the feasibility of the requirements using the profetyping results

should support creating prototypes and analyzing feasibility for application with
ities:
pperational analyses

ng and managing the results of the feasibility analysis and their rationale
anging information pertinent to prototyping with external tools

Develop conceptual test.cases and scenarios for acceptance testing
al of this task is to develop application specific requirements’ test cases and scenarios
ith the domain requirements’ test cases and scenarios developed in domain engineering
e bound variants.in order to test application requirements holistically.

bthod should support developing conceptual test cases and scenarios for acceptance t

loping application specific requirements’ conceptual test cases and scenarios and

heir integration
and feasible
brototypes can

bthod should support creating prototypes and analyzing the feasibility for‘application with the following

hts

the following

ng and generating user defined and tool provided checklists and templates for technical, economical,

and integrate
and associate

esting with the

hnalyzing their

feasi
Alloc

HHY
MITILY

ating a unique ID for each application test case in a consistent way with domain’s

» Deciding on the expected results for each test case

Linking the “prior to” and “after” relationships among test cases and scenarios

Integ

rating the application specific test cases with the domain test cases

A tool should support developing conceptual test cases and scenarios for acceptance testing with the
following capabilities:

* Retrieving domain requirements’ conceptual test cases from the asset repository for testing the bound

varia

nts

* Deriving application specific test cases and scenarios based on domain test cases and scenarios
* Managing the test cases by their IDs
 Storing the “prior to” and “after” relationships among test cases and scenarios
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9.2.6 Review the analyzed application requirements

The goal of this task is to ensure that application requirements are unambiguous and include all application
stakeholders’ requirements. Especially, it should be ensured whether application requirements derived by

binding variabi

lity and application specific requirements are well-harmonized.

The method should support reviewing the analyzed application requirements with the following capabilities:

* |dentifying the ambiguous or unverifiable analyzed application specific requirements
* Analyzing whether bound variant agrees with application stakeholder’s requirements
* Reviewing whether bound variant and application specific requirements agree with each other

The tool shoul

* Importing ap
* Providing an
networks
* Allowing an

9.3 Applicg
Purpose of th

The purpose o
and integrate

subprocess th
and the domai

Inputs

Doma
Applic
Functi
Applic
Techn
Applic

Outcomes

Trace
the bo

Tasks

I support reviewing the analyzed application requirements with the tollowing capabilities:

plication requirements analysis results

tion requirements specification
e application requirements specification

f the application requirements specification is to docunient the application specific requir
hem with the domain requirements associated with\the bound variants. All outcomes
s deal with application requirements holistically,:that is, both application specific requir
N requirements associated with the bound variants‘are covered.

n requirements specification

htion variability model

bnal and non-functional application requirements
htion requirements models

cal and economic feasibility of the application
htion requirements’ test cases and scenarios

SRS for the applieation is produced.

links to @pplication requirements sources including the domain requirements associat
ind vatiants are established.

environment for reviewing and commenting the application requirements via,_commur

ication

pnvironment for checking relations between bound variant and application Gpecific requir¢gments

bments
of this
bments

pd with

40

Identify sources of application specific requirements. This task serves to ensure that stakeholders for the
application specific requirements know why and how every application requirement belongs to the SRS and
to facilitate further clarification. The results are then integrated with the domain’s result.

Establish traceabilities for application requirements. Traceabilities relevant to application requirements are
established.

Document application specific requirements. The functions and capabilities that are required by a specific
application should be provided along with required constraints. And the results are integrated with the
domain requirements document as a whole (this document is an application requirements specification).
Document the rationale for variability decision. Rationales of decision making related to the variability
decision and their trade-offs are documented.

Review the application requirements specification. Application requirements specification is reviewed to
ensure its completeness and correctness.
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9.3.1 Identify sources of application specific requirements

Sources of the application specific requirements are identified for establishing trace links between
requirements and their sources.

The method should support identifying the sources of application requirements for the bound variants with the
following capabilities:

* Analyzing the domain requirements’ annotations (can use the requirements annotations definition)
associated with the bound variants

* |dentifying the sources of application specific requirements

* Adding annotation to application specific requirements in a consistent way with domain’s

A tool $hould support identifying the sources of requirements for the bound variants with thexfollpwing
capabilities:

* Allowing reference to information from the application requirements elicitation to the application
requirements analysis
* Prov|ding templates for recording the requirements annotations

9.3.2 | Establish traceabilities for application specific requirements

Most tiace links that are established during domain requirementsiengineering are reused as they are, and in
this tagk, only the trace links for the bound variants and application’ specific requirements are established.

The m¢thod should support establishing traceability for the bound variants with the following capabilities:
» Establishing trace links to their sources, domain requirement, and to the application variability|model

A tool $hould support establishing traceability for the bound variants with the following capabilitig¢s:

* Storipg the application requirements trace.links
» Showing the application requirements trace links at specific points

9.3.3 | Document applicationpecific requirements

The gdal of this task is to_produce a well-structured and organized application requirements spgcification. For
this pufpose, the domain'requirements specification should also be well structured.

The method shouldtsupport documenting application requirements for the bound variants with the following
capabilities:

* Assigning values for all requirements’ annotations
* Aggredating documentation from the application requirements elicitation and analysis
° Inte diil Y “ 1< duuw LLL= It VViti I t; I IU:EVdI It LlelIdill IUL.{uiIbI LLL= Itb dlﬁfdbtb

A tool should support documenting application requirements for the bound variants with the following
capabilities:

* Browsing the relevant domain requirements artifacts

* Entering application specific requirements(for the bound variants)

* Integrating the application specific requirements documentation with the bound domain requirements
specification

* Checking the document quality and consistency (e.g., through spell checking, data dictionaries, and
acronym tables).

© ISO/IEC 2012 — All rights reserved 41


https://iecnorm.com/api/?name=6e8cf228ca65155a25c497d4d0d89cf8

	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Reference model for product line requirements engineering 
	5 Product Line Scoping
	5.1 Product scoping
	5.1.1 Structure information to be used for scoping
	5.1.2 Identify products
	5.1.3 Analyze common and variable features
	5.1.4 Define a product portfolio

	5.2 Domain scoping
	5.2.1 Identify functional domains
	5.2.2 Map features to functional domains
	5.2.3 Define domain scope

	5.3 Asset scoping
	5.3.1 Gather historical data from existing single products
	5.3.2 Estimate additional effort required to adapt potential assets
	5.3.3 Estimate expected development effort for new products in the product portfolio definition
	5.3.4 Estimate economic benefits from reusing proposed assets
	5.3.5 Derive asset proposals from economic evaluation results


	6 Domain Requirements Engineering
	6.1 Domain requirements elicitation
	6.1.1 Draw a context diagram
	6.1.2 Gather domain information
	6.1.3 Identify initial domain requirements
	6.1.4 Review the elicited initial domain requirements

	6.2 Domain requirements analysis
	6.2.1 Classify and balance initial domain requirements
	6.2.2 Analyze commonalities and variabilities
	6.2.3 Model domain requirements
	6.2.4 Create prototypes and analyze feasibility
	6.2.5 Develop conceptual test cases and scenarios for acceptance testing
	6.2.6 Review the analyzed domain requirements

	6.3 Domain requirements specification
	6.3.1 Identify sources of domain requirements
	6.3.2 Establish traceability
	6.3.3 Document domain requirements
	6.3.4 Review the domain requirements specification

	6.4 Domain requirements verification and validation
	6.4.1 Verify domain requirements
	6.4.2 Validate domain requirements
	6.4.3 Validate conceptual test cases and scenarios for acceptance testing
	6.4.4 Baseline domain requirements
	6.4.5 Initiate change management process

	6.5 Domain requirements management
	6.5.1 Manage domain requirements change
	6.5.2 Manage traceability
	6.5.3 Manage versions of domain requirements
	6.5.4 Record and report status
	6.5.5 Manage process improvement
	6.5.6 Manage feedback


	7 Variability Management in Requirements Engineering
	7.1 Variability in textual requirements
	7.1.1 Define requirements variability in textual requirements
	7.1.2 Document requirements variability in textual requirements

	7.2 Variability in requirements models
	7.2.1 Define requirements variability in model
	7.2.2 Document requirements variability in requirements model

	7.3 Traceability between requirements variability and variability model
	7.3.1 Define explicit links between requirements variability and variability model


	8 Asset Management in Requirements Engineering
	8.1 Domain requirements artifacts as domain assets
	8.1.1 Identify domain requirements artifacts managed as domain assets
	8.1.2 Define configuration and annotation

	8.2 Application requirements artifacts as application assets
	8.2.1 Identify application requirements artifacts managed as application assets
	8.2.2 Define configuration and annotation for application requirements assets


	9 Application Requirements Engineering
	9.1 Application requirements elicitation
	9.1.1 Draw a context diagram for an application
	9.1.2 Identify the requirements gaps between domain and application requirements
	9.1.3 Bind the best matching variants
	9.1.4 Select domain assets
	9.1.5 Review the elicited application requirements

	9.2 Application requirements analysis
	9.2.1 Classify and balance application specific initial requirements
	9.2.2 Analyze commonalities and variabilities
	9.2.3 Model application specific requirements
	9.2.4 Create prototypes and analyze feasibility
	9.2.5 Develop conceptual test cases and scenarios for acceptance testing
	9.2.6 Review the analyzed application requirements

	9.3 Application requirements specification
	9.3.1 Identify sources of application specific requirements
	9.3.2 Establish traceabilities for application specific requirements
	9.3.3 Document application specific requirements
	9.3.4 Document the rationale for variability decision
	9.3.5 Review the application requirements specification

	9.4 Application requirements verification and validation
	9.4.1 Verify application specific requirements
	9.4.2 Validate application specific requirements
	9.4.3 Validate conceptual test cases and scenarios for acceptance testing
	9.4.4 Baseline application specific requirements
	9.4.5 Initiate application change management process

	9.5 Application requirements management
	9.5.1 Manage application specific requirements change
	9.5.2 Manage application specific traceability
	9.5.3 Manage versions of application specific requirements artifacts
	9.5.4 Record and report status of application requirements management
	9.5.5 Manage application specific process improvement





