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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
technlcal comm|ttees Each member body interested in a subject for WhICh a techmcal committee has been
governmental and
non- governmental in I|a|son with ISO also take part in the work. ISO coIIaborates closely with thefInternational

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Drpft International Standards adopted by the technical committees are circulated ¢o‘the member podies for
vofing. Publication as an International Standard requires approval by at least 75 % of the member bodies
capting a vote.

Atfention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISP/IEC 26551 was prepared by Joint Technical Committee XISO/IEC JTC 1, Information technology,
Sybcommittee 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 fpr the initial boundaries of domain is conducted in advance by defining a product line scope.befgre
initiating domain requirements engineering processes. Domain requirements engineering will be carried oufin
a comprehensive manner because common and variable requirements and captured variabilities hgve
consequeftial impacts on member products in a product line. The outcomes of domaifirequirements
engineerirlg processes are transferred into the requirements of a family of products @at-the application
requirements engineering processes. Therefore requirements engineering tools and methods should consider

engineerirg.

Product line requirements engineering can be differentiated from a single product requirement engineering
because df the following aspects:

are two core processes in requirements engineering: domain requirements engineering and
appligation requirements engineering. The major aims of the doimain requirements engineering processes
are t@ analyze commonality and variability for a family of preducts, and to prepare necessary variability
infornpation for variability modelling. The major aims of, the application requirements engineering
requitements engineering processes.
— It is ¢ssential to analyse the costs and benefits estimation of a product line and thereby an organization

can make a go/no-go decision. Moreover, the“costs and benefits estimation plays a pivotal role as gn
indicgtor for assessing the effectiveness and efficiency of a product line.

This Interpational Standard can be used in the following modes:

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

— By a product line organization — to provide guidance in the evaluation and selection for tools and methads
for prpduct line requitements engineering.

— By providers of\tools and methods — to provide guidance in implementing or developing tools and

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.
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— 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
rmariagernerit.

—1 Processes and capabilities of methods and tools for organizational management -are prpvided as
ISO/IEC 26556, Software and systems engineering — Tools and methods for product 1iné organizational
management.

© 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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Scope

stems product line. The scope of this International Standard is as follows:

* provide the terms and definitions specific to requirements engineering ,for software an
product lines.

* define process groups and their processes performed during product line requirements erj
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.

a single system but rather deals with those for a family of\products.

TE This International Standard is not suitable for handling physical artifacts. In the Systems arend
oduct" must be understood as System-level artefacts, such as requirement documents, architectural data
ns, Behavioral Models, etc. In any case, the word «*Product" must not be understood as physical ite
ctronic boards, mechanical parts or qualified human’operators. In the case of the Software components of

Software Part Product Line, if any. The Produét'Line processes are recursive within the different levels of P

Normative references

e following referenced documents are indispensable for the application of this document.

is International Standard deals with the tools and methods of requirements engineering for soffware and

| systems

gineering.

is International Standard does not concern processes and capabilities of requirements tools angd methods

, the word
, validation
s such as

Systems,

5 International Standard can apply twice: once to~handle the System-Level Product Line and a second timg to handle

oducts.

For dated

references, only the edition)cited applies. For undated references, the latest edition of the feferenced

do

IS

management

3

cument (including anylamendments) applies.

D/IEC 26550, Seftware and systems engineering — Reference model for product line enging

Terms and definitions

3.1

application assets in requirements

application specific artifacts produced during application requirements engineering such

requirements specifications and application requirements models

3.2

application requirements elicitation

identifies stakeholders relevant to an application, elicits application specific requirements, and
appropriate variants

© ISO/IEC 2012 — All rights reserved
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3.3

application requirements 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

3.4

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

3.5
applicatic
confirms
variants s

3.6
applicatic
manages

3.7

n requirements verification and validation
at the application specific requirements are consistent and feasible, and ensures that.the bou
tisfy the specific product’s requirements

n requirements management
raceability and changes on application requirements

asset proposal

includes n
will be inc

3.8

applicatig
requireme

3.9

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

n specific requirements
nts specific to an application or requirements not coyéred in domain requirements

domain agsets in requirements

reusable
requireme

3.10

nts specifications and domain requirements models

domain r¢quirements elicitation

identifies i

3.1

hitial requirements from domain stakeholders for a product line

domain r¢quirements analysis

models d
requireme

3.12

bmain requiremepts\so as to analyze and scrutinize commonality/variability of a product line
nts

domain r¢quirements specification

document

5 domain requirements for a product line based on domain analysis results

najor assets (functional areas and high-level common and variable-features of all applications) that

priifacts produced during domain requirements engineering such as asset proposals, domain

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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3.16
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
d G:O vv;th buth UAtUIIIﬂ: (=l Id ;IItUIIIG: Vallabl:lty ;II IUL{U;IUIIIUII{O A~} IH;IIUUI;IIH 'JhGOU I"\\:OU vdl IGbI:It mOdellng

and traceability with domain requirements artifacts are addressed

4 Reference model for product line requirements engineering

THe methods and tools for product line requirements engineering should support systematic managément and
interaction of the domain and application requirements engineering processes. They also nged to be
adequately integrated with the subsequent processes of product line engineering lifecycle processgs in order
to|enable traceability between all requirements artifacts and the related Jdesign, realization, ahd testing
arfifacts. In the rest of this document, product line requirements engineering practices, methods, angl tools are
described in accordance with a framework focusing on product line reguirements engineering (Figure 1).

Prpduct line scoping leads and controls all work on a product ling by creating and maintaining the pfoduct line
scppe through ongoing interactions with the domain and application requirements engineering.

Daomain requirements engineering serves to:

e decompose features defined in Product Line Scoping into initial requirements and elicit|additional
requirements and derived requirements_ffom 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 requirements specifications that can be bound by specific member profucts of a
product line.

The complexity of varigbility grows higher in accordance with the complexity of a product line. $eparating
variability from domain’requirements engineering mitigates this problem. Defining variability in requirements
independently leads”to a clear understanding of the necessary capabilities of tools and methods| and thus
helps in selecting\tools that support product line requirements engineering.

Application‘tequirements engineering serves to:

*<_identify gaps between domain features and application specific features

* reuse domain requirements from the asset repository and elicit application specitic requirements;

» define application variability model by binding domain variability model and adding application specific
variability;

* analyze and document application specific requirements;

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

© ISO/IEC 2012 — All rights reserved 3
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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

. Th dooa e afth o o b a
e " UuiltoviiTivo vr uane OUUPIUU\IOO

* The capabilities of tools and methods are a list of the required support of tools and methaods for
derforming the tasks properly

Product Domain Requirements Engineering Variability
Line Management ix
. g Requirements
Scoping Domain Requirements Domain Requirements || Domain Requirements Domain Requireménts Eq . .
Elicitation Analysis Specification Verification and Validation |+> “n8ineering
Product Variability in
i Domain Requirements Management
Scoping d £ textual

requirements

Asset Management in Requirements Engineering

Domain|
Scoping Domain requirements artifacts Application requirements ™ Variability in
as domain assets artifacts as applicatipn.assets requirements
models
Asset
Scoping [{l» Application Requirements Engineering B[ Traceabitity
o - . Application L . between
Application Application Requirements Rep E S ements Appllcat}on Reququmer}ts requirements
Requirements Elicitation Analysis Schi fication Verification and Validation variability and
variability
model

Application Requirements Management

Figure 1 — Product line requirements engineering

Product line scoping defines the member products and their major (externally visible) features, analyzes the
products from an economic point‘of view, and controls and schedules producing the product line and [its
products. [The major result of this’ process is the asset proposals. Asset proposal includes major assgts
(functiona| domains and high-level common and variable features) for a product line with their quantified cogts
and benef‘its, and ROls expected from a product line development. More than one asset proposals can pe
made to find out 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 capalbilities of tools and methods for supporting them:

e Proddct'scoping determines the product portfolio definition, and provides a roadmap for releasing

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

ISO/IEC 26551:2012(E)

e Domain requirements elicitation captures initial domain requirements and anticipated variations of

those.
e Domain requirements analysis identifies functional and non-functional requirements
variabilities of those.

with the

Domain requirements specification documents domain requirements based on analysis 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.

e Domain requirements management provides management services for the dual nature of the

requirements engineering, i.e. domain and application requirements engineering.

V3
re
dg
an
m
pr
in
fo

Du
re
is
ar
ex

among requirements domain assets for«being reused successfully or managing changes on then

an
re
sh

Ag
as]
It

main and application requirements. Variability modeling starts in the domain requirements €licitati
d continuously evolves throughout the product line life-cycle. This process is respofisible for a
bdel which documents the external variability explicitly. As domain requirements.-engineering

requirements engineering shall serve to do the following and to define the capabilities of tools and
supporting them.

Variability in textual requirements expresses and documents variability in requirements usin
language and makes them explicit.
Variability in requirements model expresses and documents xariability in requirements using
language and makes them explicit.

between textual requirements /requirements models and a.variability model.

managed as domain assets. In addition, application requirements artifacts with high reusability
b identified as potential domain assets. Asset 'management in requirements engineering adds o
fra elaborations and glues to requirements) assets to be used effectively and efficiently. The r¢

alyzed in this process area. Processes for configuring domain assets and managing theni

application enginegers reuse requirements assets in their application development.

artifacts as@assets to be referred by the application later.

riability management in requirements engineering should be conducted in parallel pwith domain
Juirements engineering because variability models are clarified and modified gradually togethgr with the

on phase
variability
activities

bceed, some additional internal variabilities may be added to the variability model. Variability mgnagement

methods

g natural

modeling

Traceability between requirements variability and a varfability model establishes and mainfains links

ring asset management in requirements engineering, requirements artifacts resulting frofn domain
Juirements engineering are structured as domain assets. Variability as well as commonality in requirements
potentials

develops
lationship

N are also

in asset

bository refer to asset management of ISO/IEC 26555. Asset management in requirements epgineering
all serve to do the following and to define the capabilities of tools and methods for supporting thenj.

*  Domain requirements-artifacts as domain assets identify and develop necessary informatipn to help

*  Application requirements artifacts as application assets identify and manage application requirements

plication reqirements engineering identifies specific requirements for each product line member.|lt starts to
sess the reusability of existing common and variable requirements to fully leverage a product ling platform.
blso can-provide feedback to domain requirements engineering so as to make a decision on indorporating

ap

thT following and to define the capabilities of tools and methods for supporting them:

plication’ requirements assets into domain assets. Application requirements engineering shall sg¢rve to do

e Application requirements elicitation identifies gaps between domain features and application specific

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

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

Application requirements specification documents the analyzed application specific requirements with
the bound portion of domain requirements specification.
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e 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.

e 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 processes
should befidentifredonmtirebasesof these aspects:

The followjing table shows the key aspects for each characteristic of product line requirements engineéring.

Category aspects

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

Variability management | binding, variability

collaboration, configuration, domain architecture, \"énabling technology
support, texture, traceability

Qualify management measurement & tracking, verification & validation

Reus¢ management

Compglexity management

o Application engineering: Domain requirements should be reused{and external variability for specific

application should be bound. As a result, application requirements are specified.

e Asset: Domain requirements engineering provides a common portion of requirements (domain
requirements) to application engineering through asset, repository. Therefore the domain assets|of
requirements engineering and management is a distinguished aspect.

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

e Copllaboration: Since the domain requirements engineering and application requirements engineering
cgn be performed in parallel, collaborations are necessary between engineering teams as well jas
thpbse among processes such as domain assets, variability management, product management,
sqoping, etc. This makes collaboration as an important aspect in a product line development
ernvironment.

e Copnfiguration: Configuration of products and artifacts of product line requirements engineering can pe
multidimensional, i.e.,~exist in time and space. Maintaining the integrity of those dimensions is pn
important aspect.

o Domain architecture: Domain requirements engineering provides domain requirements as a major
input for establishing reference architecture.

dgvelopment. However, this process is necessary for a product line.

e Dpmaintengineering: Domain requirements engineering process does not exist in a single procht

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

e 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.

e 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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e 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.

e Reusability: The reusability of assets from requirements engineering processes is closely

related to

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

requirements engineering is a differentiating aspect.

e Texture: Product line requirements are major inputs for establishing texture. Especially, for
functional and non-functional requirements, corresponding architectural texture shall be esta

pr
pr

Th

Pu

.1 Productscoping

e Traceability: There exist various kinds of trace links between variabilities and the arti
domain/application requirements engineering. It is necessary to develop a traceability §
handle tracing.

e Validation and verification: In product line development environments, prdvisioning of]
evidences for validation and verification of requirements from various ‘viewpoints (e.g

single product development should be provided.

o Variability: Variability in requirements engineering mainly deals‘with external variability rg
reusability strategy, which is not a concern of single product development.

Product Line Scoping
broduct line organization needs to determine with whigh products and features will consist of a pr

sets or which of them will be newly developed. Using objective and quantitative endea|
hjanization estimates economic benefits expectéd from a product line and makes a go/no-go d
bduct lineinitiation base on the economic benefits. A product line scoping process includes thre
DCESSES:

e Product scoping determines the*potential member products and initial common and variabl
of those base on market inputs.
e Domain scoping decomposes domains into subdomains (or functional domains) and maps
features determined.iff product scoping to the subdomains.
e Asset scoping identifies reusable assets, calculates the cost/benefit estimates to justify th
line initiation, and provides a roadmap of a product line.

e above three types of scoping can be iterative.

rposerof product scoping

reflecting
blished.

acts from
cheme to

objective
, domain,

application, variability, domain assets, etc.) is an important aspect, so differentiated schemes with

lated to a

bduct line,

d thereafter the organization determines which features will be implemented by reusing or adaptjng legacy

vours the
pcision for
e key sub
e features
the initial

e product

©l

a-nrnase-of nroduct scaopnina-is-to-determine-nroduct nodfolio-definition-
S-pup HPHoaaEt-S60pHg1Sto-a8te i heproautt POHHOHO-GSH O

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

selling;

2) 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

3) A schedule for introducing the products to markets.
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Inputs

e 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.

e  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,

e O

pn
Outcome
e P

cq
e A

Tasks

e Structy
produg
further

* [dentify
perforn
assets
from in

* AnalyZ

which features are inside or outside the productiife.

e Define
determ
definiti

511 St

Informatio
decision.

= U)\;btil 1y dl IuI }JUtUI Itidi CUIl IpUt;tUl o, dl |u'
competitive products and their expected evolutions.

pduct line organization as a whole.
5

joduct portfolio definition - i.e., a (initial) product roadmap including products, their externally visi
mmon and variable feature sets, and a schedule for market introduction is established.
High-level production plan is defined.

re information to be used for scoping. Market information, )information of candidate memt
ts of a product line, and business goals are structured in a form that is easy to refer for process
scoping activities.

products. Identification of potential member products,_including existing ones and new ones, will
ned to meet market requirements and business goals. Existing products, prototypes, and oth
that may be reused are identified and analyzed.\Information about the products may be gather
ternal (e.g., domain experts) and external (e.g.¢outside experts of component vendors) resources
e common and variable features. An initial-description of a set of systems is made by analyzi

the product portfolio. Member products and features that will consist of a product line 3

bn strategy (e.g., customer-driven er)producer-driven strategies).

ructure information to be Gsed for scoping

The meth

Selectihg information to be used for scoping

Providing a template for structuring necessary information

Figuring out relationship among selected information set and their rationale
Reorganizing information in accordance with the provided template

d should support'structuring information to be used for scoping with the following capabilities:

ther internal information - necessary to develop and maintain an understanding and controhof the

=

e

re

ined. The decision of the product portfolio should be consistent with an organizational prodiict

h to be used for scoping is extracted and structured so that participants in scoping make a corrgct

A tool sho

512 Id

uld support structuring information to be used for scoping by allowing the user to do the following:

Accessing information to be used for scoping (or providing interfaces for accessing)
Allowing documentation using the template

Supporting maintenance of the structured information

Allowing reuse of the structured information

entify 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

Ar

Th
an
an

Th

.1.3 Analyze common and variable features

.1.4 , ‘Define a product portfolio

Supporting the documentation of the process for identifying member products

d it should allow the user to do the following:

Collect information for existing and/or future products that may be produced in the product line
Cluster collected candidate products information
Manage clustered candidate products information

for inclusion in a product line.

e common and variable features that are analyzed in this task-have high level abstractions. Thes
d variable features including product quality are used for confirming whether or not the product lin
organizational expectation on cost reduction through reuse.

e method should support analyzing common and variable features with the following capabilities:

Analyzing features (high level) characterizing praducts in the product line

Analyzing product quality (that will be refined.as quality attributes in domain requirement enginee
Discriminating common and variable features

Modeling features (using an appropriate feature modeling notation)

Evaluating common and variable features for ensuring that major features of products are
(through workshops, brainstorming ahd categorizing, etc.)

Providing a document template fordocumenting common and variable features

Visualizing common/variable features and product qualities

Allowing documentation using the template

Allowing the analyzed results being referred in the further scoping and requirements engineering
Supporting documentation of the rationale relate to the decision making and making it be refe
further scoping and requirements engineering activities

Visualize, model, and organize information about existing, future, and hypothetical products as ¢andidates

b common
e satisfies

[ing)

identified

ool should support analyzing common and variable features by allowing the user to do the following:

activities
red in the

e method should suppart dpfining a pmdnm‘ pnrtfnlin with the fnllnwing r‘npahili’rinc'

Structuring issues concerning market information, an initial products list, and their high level features
Making decisions using a decision process (e.g., brainstorming, Nominal Group Technology, Delphi)

Verifying the decision
Providing checklists for verifying decisions

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


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

ISO/IEC 26551:2012(E)

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

e  Product portfolio definition
o InLormat/on collected from domain experts and existing products experiences

Outcome

e Al domain scope definition (including functional (sub-functional) domains and their ‘common and
vgriable features) is established.

o A set of high-level features is defined.

e The product portfolio definition is refined.

Tasks

* [dentify |functional domains. Find, analyze, and categorize functions to maximize reusability. Functional
domaing may be derived by grouping features and hierarchically defined{(i.e. including sub-areas).

* Map fedtures to functional domains. ldentified features are distributed.to identified functional domains.

» Define domain scope. Assess and select functional domains that best.lend themselves to reuse.

5.2.1 Identify functional domains

Functiona| domains are identified and classified by experts with sufficient experience and knowledge | of
products ip a product line. The technical feasibility of functional domains and features is validated and features
are furthef refined.

The meth¢d should support identifying functionalkdomains with the following capabilities:

* Analyzing the functionalities of domains/of'the product line (rules of inclusion or exclusion, structyre
diagram|, context diagram, etc. are example approaches for defining boundary of domain)

» Categorjzing functionalities that are used together

* Documgnting and structuring identified functional domains

* Verifying categorized functional demains

A tool shopld support identifying functional domains with the following capabilities:

» Supportjng team collaboration
 Displaying analyzed and categorized results

And it should allow the user to do the following:

* Manageg 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

Arld it should allow the user to do the following:

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

5.2.3 Define domain scope

A flomain scope is defined for relationships among the functional domains, products, and features.
THe method should support defining a domain scope with the following capabilities:

* Assessing functional domains according to the variability and performance dimensions
* Belecting functional domains using an appropriate decision-making)process (e.g., brainstorming, Nominal
[5roup Technology (NGT), Delphi)

* Managing issues relating to functional domain selection
» Verifying the defined domain scope

A fool should support defining a domain scope with the following capabilities:

* Displaying a domain scope definition
* Providing a collaboration environment for reviewing, commenting, and communicating

Arld it should allow the user to do the following:

* Assess, verify, and document the dofain scope definition
* Raise and resolve issues relating to_the domain scope

5.8 Asset scoping
Purpose of asset scoping

THe purpose of-asset scoping is to identify potential reusable assets and to estimate the econom|c benefits
frdm reusing t¢he proposed assets. Assets are evaluated based on the effort required to engineer them,
quantified usihg effort estimation functions derived from historical data collected from existing related products
and domainexperts.

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

» Gather historical data from existing single products. Identity and gather information about existing products
to better understand the domain, identify potentially reusable assets.
» Estimate additional effort required to adapt potential assets. Estimate the additional effort required for
adapting potential assets to the product line.
» 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

nnnnnn a

existing
quality i
* Derive

o $ froma-—rancina-nawhidavalanad-danaat ta _ond feana ol inaina ronorle ond ol en I
aSSTIS, MU TCUSITg— oWy UCveTOp TU— U Ian T aSST TS, At Mo ToUaTmTyg To WO arta anorC—auT

mprovements.

(functiopal domains and features) and their economic evaluation results. Establish asset proposals

extendir]

531 G

Effort esti
existing re
The meth
capabilitie
* Defining
* Integrat
* Searchi

ather historical data from existing single products

levant products for a specified period of time.

od should support gathering historical data from existing single' products with the followi
S:

what kinds of historical data should be collected
ng data from various sources
ng data

* Verifying the validity of collected data

A tool shq
following:

* Allowing
* Importin
* Providin

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

documentation for the results of gathering-historical data from existing single products
g sources from other tools
g management capability for historical*data

5.3.2 Estimate additional effort required to adapt potential assets

While som
adaptatior
too high, i

The meth
capabilitie

* Analyzin
* Analyzir

e assets are reused-as.they are, some others can be reused after adaptation. Therefore, estimati
efforts are necessary before developing them as domain assets because if adaptation efforts 4
is difficult to expeet benefits from domain asset reuse.

bd should support estimating additional effort required to adapt potential assets with the followi
S:

g relationships between existing and new products
g factors for expected development effort for the new products

¢ Definin

hsset proposals from economic evaluation results. Define the asset proposals including assIts

g the domain definition. Create detailed and quantified effort estimates for all assets in‘the domain.

to

by

mation can be conducted based on the historical data such as measurémgent data cumulated from

ng

ng
re

effort estimation functions for the new products

¢ Providin

g 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 capabilities:

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

econom
¢ Providin

ic benefit
g metrics to be used to estimation so that tool users can choose among them

* Allowing adding a new metric if necessary
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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

A [tool should support estimating expected development efforts for new products in the produgt portfolio

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

Arld it should allow the user to do the following:

* Document estimated results of expected economic benefits for new products

5.3.4 Estimate economic benefits from reusing proposed-assets
Effort estimation functions for calculating the costs and)benefits expected from proposed gssets are
degveloped based on historical data and experiences.
THe method should support estimating the economic benefits from reusing proposed assets with th¢ following
capabilities:

* Collecting historical data
* Analyzing historical data
* Estimating expected benefits from histoerical information

A tool should support estimating benefits from reusing proposed assets with the following capabilitie

o

* Documenting the process-of-estimating benefits from reusing proposed assets
* |mporting historical data-from various sources
* Displaying the relation.among domains, sub-domains, products, and benefits

5.3.5 Derive asset proposals from economic evaluation results

THe goal of this task is to integrate the previous estimation results for deriving asset proposals that include
copts andsbenefits due to a product line.

THe method should support deriving asset proposals from economic data with the following capabilitles:

* [MtegratmgeffortestimationTesutts

* 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:

6.1 Domain requirements elicitation

Purpose of the domain requirements elicitation

anticipated over the product line members explicitly from domain stakeholders.
Dpmain requirements analysis. The purpose of this subprocess is to find commonalitiés)and identify
vgriabilities based on the elicited domain needs in order to achieve targeted redse’ goals of the
prioduct line. Domain requirements should be analyzed more vigorously to find out mere common and
fever unique requirements, so as to improve economic viabilities and benefits.\And the product line
sgope is a major input to determine the boundaries of a product line.

Dpmain requirements specification. The purpose of this subprocess is.to)document the analyzed
dgmain requirements, where this specification includes both common~and variable requirements.
Variability in domain requirements specification will be bound by specific member products of a
product line.

Dpmain requirements validation and verification. The purposeof) this subprocess is to validate anhd
varify that the product line requirements are correct, complete, consistent, and they make sense for
each product. Whereas, product-specific requirements, should be validated and verified at the
application requirements validation and verification subprocess.

Dpmain requirements management. The purpose of:this subprocess is to manage traceabilities apd
chlanges on domain requirements. Because of the, dual nature of the product line and the domain
agsets that are commonly used across applications, the complexity of traceability and change
mpnagement are high, so an effective counter-plan for coping with the complexities is essential.

The purppse of the domain requirements elicitation is to decompose, discover, review, and understand
stakeholdgrs’ needs and constraints’/related to a platform for a product line based on the outcomes of the

Product Line Scoping.

Inputs

Information froam’ sources (stakeholder’s of a domain)
Asset proposal (from product line scoping)

Alset ofhigh-level features (from product line scoping)
List-of existing assets

Outcomes

14

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

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—effefted—nitial-dormain—requirermerts—Eleted—nitial-domain—requirerments—are—eheeked to see

whether they violate the product line’s scope and the requirements of the stakeholders. They are fevised as

necessary (including a comparison with asset proposals).

THe representatives and relevant stakeholders for domain requirements elicitation arefound (e.g), potential
customers and other stakeholders such as domain experts and application engineers)_)Stakeholdgrs include
people who have knowledge about customers, competitors, market trends, and member products inl 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 pontext diagram describes the relationships between the domain environment and product line members. It
algo depicts the relationships among product line mémbers. This task serves to extract interacting opjects and
their interactions within a product line.

THe method should support drawing a contéexi‘diagram with the following capabilities:

dentifying the existing context diagrams for each product line member

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

Analyzing relations between afamily of products and identified domain entities
Diagramming the domain(context

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

* Providing documentation templates for domain entities with respect to relations between prpduct line
nembers and.identified domain entities

* Providing ehecklists for identifying domain entities
* Allowing'drawing up a domain context diagram

6.%:2—Gather domair-information
- - mrimmnmvrIiTnmuativiia

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)
* |dentifying 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 domain requirements
The goal 9f this task is to capture initial requirements from the product line stakeholders.
The meth¢d should support identifying initial domain requirements with the following capabilities:
* Reviewing gathered domain information
Refining high-level features to lower level features

* |Identifying requirements related to features
* Collectimg additional requirements for new applications within a product line

Describing domain requirements (e.g., ConOps, goal model, use case diagram, feature model)
Develogding domain usage scenarios from the stakeholders’ points of view

A tool should support identifying initial domain requirements with thefollowing capabilities:

* Providing a browsing, reviewing, and commenting environment on"domain information
* Providing templates for documenting elicited domain requireménts

* Modeling elicited requirements from the stakeholders’ points-of view

And it shopld allow the user to do the following:

* Describg domain requirements (standard template)
* Describg domain usage scenarios (standard.template)

6.1.4 Review the elicited initial domain requirements

Captured |nitial domain requiremients are reviewed to ensure their completeness and correctness.

The meth¢d should support-reviewing the elicited initial domain requirements with the following capabilities:

 Establishing traceability between elicited requirements and sources
* Verifying completeness and correctness of elicited results
* Reviewing conflicts among applications within a product line

Resolvig domain requirements problem (documenting conflicts unresolved in order to be analyzed

resolved inrequirements analysis phase)

ard

* 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
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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, context 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, dependericies, and
priorities) are established.

e Domain requirements model (commonality model are established by refining use casg models,
feature models, and context diagrams produced in the elicitation 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;produced.

e Checklist for review is defined.

e Conceptual test cases and scenarios for domai requirements are produced.

Tasks

» Classify and balance initial domain requiréments. Initial domain requirements are classified into fupctionality,
huality attributes, constraints, and other non-functional requirements categories. The granularity levels of
nitial domain requirements will be~balanced by decomposing high level requirements into low |evel ones
hnd aggregating detailed requirements into higher level ones.
* AAnalyze commonalities and «variabilities. Requirements that are common for a family of prqducts are
hnalyzed. Requirements that vary systematically from application to application (variabilities) are|analyzed.
Variability analysis includesthe identification of variation points, variants, and dependencies.
* Model domain requirements. Domain requirements and their interdependencies are visualized|at a high
evel of abstraction10 reveal incorrect, inconsistent, missing, and superfluous requirementg. Domain
equirements models should deal with commonality and variability that are traceable to a domain| variability
model.
» Create protetypes and analyze feasibility. Prototypes can be used to evaluate the feasibility of imglementing
certain cfitical requirements from numerous viewpoints (e.g., acceptable cost and performance), and
inderstand/determine the risks and priorities of the requirements.
* Develop conceptual test cases and scenarios for acceptance testing. Conceptual test cases and|scenarios
or-acceptance testing are derived. These are commonly applied for all family members. These|scenarios
and cases may be derived from requiremenis models Tike 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:

A tool sho

Defining guidelines for balancing the level of abstractions of initial requirements
Decomposing the high-level initial domain requirements into lower-level ones
Aggregating low-level initial domain requirements to higher level ones
Identifying conflicts among the initial domain requirements

uld support classifying and balancing initial domain with the following capabilities:

Importing elicited initial domain requirements and relevant information into the domain analysis workspace

Support
Allowing
Providin

6.22 A

In this tas
variants, H

ng editorial environment for decomposition or aggregation of initial domain requirements
discrimination of common and variable initial requirements
g documentation templates for describing the classified initial domain requirements

halyze commonalities and variabilities

k, the common and variable requirements are analyzed. In case of variabilities” variation poin
inding times, dependencies, and constraints are also defined.

The meth¢d should support analyzing commonalities and variabilities with the following capabilities:

* Analyzin
modelin
e Perform|

applying
¢ Determi
* Analyzir
variants
¢ Providin

g initial common and variable requirements (e.g., by mapping requirements to features; by us
j concepts for product lines)

ts,

hg

ng detailed analysis of requirements in order to determine“common and variable requirements
across all applications (e.g. by mapping domain requirements with. member products’ requirements and

organizational rules for deciding commonality and variability)

ning common and variable requirements

g attributes characterizing variable requirements*(e.g., binding times, variation points, and th
and types

g rationale and assumptions (if necessary) for:the common and variable requirements decision

¢ Validati

g analyzed commonalities and variabilities-(including consistencies among variabilities)

A tool shopuld support analyzing commonalities.and variabilities with the following capabilities:

Providi
Providi
Importi

analysis workspace for deciding'commonalities and variabilities

a documentation template for.describing commonalities and variabilities in the requirements levgl

relevant information into the:domain analysis workspace

Showing relevant commonality and variability information that are already defined

6.2.3 Mpdel domain requirements

Requirem
requireme

nts.

The meth¢d should support modeling domain requirements with the following capabilities:

by

bnts modelingshould be conducted for ensuring completeness and feasibility of identified domain

Modelin

j ‘requirements (by using text or natural language or visual modeling)

A tool sho

Analyzing requirements models for their completeness, correciness, feasibility, and verifiability
Refining functional requirements (e.g., from scenarios, use cases)
Refining non-functional requirements

uld 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

¢ Providin

18

g a documentation template for documenting the domain requirements model
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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
-\I ututypil Iy

[Sathering feedback and other necessary information from stakeholders designing and using the pfototypes
A\nalyzing feasibility using the prototyping results

A ool should support creating prototypes and analyzing feasibility with the following capabilities:

* (Generating and storing user defined/tool provided checklists or templates for ‘various analyses, (e.g.,
fechnical, economical, and operational analyses)

» Btoring and managing contents for rationale of feasibility analysis
* Exchange information pertinent to prototyping with external tools

6.2.5 Develop conceptual test cases and scenarios for acceptance testing

T¢st cases and scenarios that will be used in acceptance testing are developed in this task. Requir¢ments for
which no test cases can be developed must be further clarified before resuming this task.

THe method should support developing conceptual testicases and scenarios for acceptance testing with the
following capabilities:

* Driving conceptual test cases and scenarios\to be used acceptance testing (conceptual test ¢ases and
Ecenarios should deal with variable requirements) based on domain requirements (domain redquirements
models or spec.)

* Producing reusable conceptual test cases and scenarios in application requirements engineering
* Allocating a unique ID for each testcase and scenarios

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

» Allowing variabilities inrconceptual test cases and scenarios for later binding in each member product
* Providing a documeniation template for documenting derived test cases and scenarios
* Allowing users tofind and access relevant information (e.g., functional and non-functional requirements,
ariability models)

* (Senerating testcases semi/automatically from domain requirements

6.2.6 < Review the analyzed domain requirements

The goarl of this task Is 10 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 support reviewing the analyzed domain requirements with the following capabilities:

e Importin

g 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 re
clearly an
links with

Inputs

e Fuinctional and non-functional domain requirements (including constraints,( dependencies, g

pr
D
V.
C
T4
S

Outcome$

e S

o]
lin

Tasks

* [dentify
requiren
» Establis|
Trace i
domain
in Requ
* Documsg
* Review
docume]

6.3.1 Identify sources of domain requirements

 precisely in a consistent, accessible, and reviewable way. The specifications should have ‘trg
he associated variability models to manage the requirements, variabilities, and their changes.

jorities)

bmain requirements models

briability models (from Variability in Requirements)

bnceptual test cases and scenarios for domain requirements
bchnical/economic feasibility analysis results

RS (Software Requirements Specification) template

RS for domain requirements is established. Domain’ requirements specifications (i.e., SRS

nent in the SRS, to facilitate further.clarifications, and to trace each requirement back to its origin.
h traceability through explicit trace links from the requirements sources to the domain requiremen
ks are needed among the domain requirements and between the domain requirements and oth
artifacts (e.g., domain scoping). Trace links for managing variability are addressed in the Variabi
rements phase.

nt domain requireméents. Domain requirements are documented using an SRS template.

the domain requirements specification. Domain requirements specification is reviewed for ensuri
htation completenéss and correctness.

quirements specifications document the functional and non-functional requirements and constrai||1ts

ce

for

pduct lines) should distinguish commonly used requirements for all member products in the prodiict
es and application specific parts. Trace links frem*the requirements to the sources are established.

sources of domain requirements_to-ensure that all stakeholders know how and why of every

ts.
er

ity

ng

Sources d

fdomain requirements are identified for establishing trace links and for managing them during tpe

requireme

S management

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

* Analyzing domain requirements’ attributes

* |dentifyi

ng sources of all domain requirements

* Analyzing relationships between domain requirements and other domain artifacts

A tool sho

uld 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

20

requirements 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 Examples of requirement attributes:

6.
Edtablishing trace links for a product line is typically more complicated than for a single application &
th
m
application development context. Therefore, tools play especially important roles in the product line ¢

THe method should support establishing traceability with the following capabiliti€s:

6.3.3 Document domain(requirements

THe goal of this task ‘is)to make a well-structured specification of domain requirements with all
information.

THe method should support documenting the domain requirements with the following capabilities:

Decision for commonality or variability

Rationale for the decision

Products related to each variability

Relevant features derived from product line scoping

.2 Establish traceability

product line context there are more information sources (e.g., stakeholders, existing products,
bre domain artifacts, more interdependencies and more valid configurations of the artifacts than in

Establishing backward and forward trace links from domain requirementsto requirements sourceg
ersa

Establishing trace links among requirements artifacts including seoping artifacts

Establishing traceability tables

ool should support establishing traceability with the following capabilities:

Presenting backward and forward trace links between.@omain requirements and their sources

i.e., choosing a requirement X in a product makes it mandatory to choose a requirement Y in the
pptional (i.e., choosing a requirement X in-a“product makes it possible but not necessary to
equirement Y), or mutually exclusive (i.e{ choosing a requirement X in a product makes it im
choose the requirement Y in a product)

Displaying trace links and associated:commonality and variability information between requiremen
praphically

Providing templates with predefined traceability attributes for documenting traceability information

5iving a.unique ID to each requirement by differentiating common and variable requirements
Defifiing reusable SRS template for documenting each product
Pfioritizing domain requirements

ecause in
markets),
the single
ontext.

and vice-

Defining explicitly typed trace links to determine whether a dependency between two artifacts is jmandatory

product),
choose a
ossible to

Is artifacts

hecessary

Recording the domain level business rules (including corporaté policies, government regula
computational algorithms) separately from SRS

ions, and

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

Providing templates for documentation (including the differentiation of common and variable requirements)

Importing requirements models from the modeling tool for documentation

Checking the document quality and consistency through spell checking, data dictionaries, acronym tables,

etc.
Storing the SRS and associated domain requirements in a (centralized) repository
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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

* Resolvi st

A tool shopuld support reviewing the domain requirements specification with the following capabilities:

* Importi
* Providi

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

6.4 Domain requirements verification and validation

Purpose of the domain requirements verification and validation

The purpgse of this subprocess is to ensure that product line requirements are complete, correct, consistent,
and clear| Domain requirements validation should be conducted with variability model validation to maintain
consistengy between the requirements and variability.

Inputs

e Dpmain requirements specification
e Cpnceptual test cases and scenarios
C

. hecklists for review

Outcome$

e Cpnceptual test cases and scenarios_for acceptance testing. These acceptance criteria are common
uged to derive acceptance criteria for a specific product.
e Baselined domain requirements. Documents produced from requirements elicitation, analygis,
specification, traceability, testing, and requirements models are reviewed/inspected and validatgd.
Domain requirements are-then baselined.

y

Tasks

requirements models (e.g., SRS, use cases, test cases, and prototypes) and other documents produdged
during domain<requirements elicitation, analysis, and specification subprocesses are examined. Domain
requirements ‘are verified using conceptual test cases derived during domain requirements analysis.

» Validatg domain requirements. The specified domain requirements (functional and non-functional dom
requirenmﬂeﬁ&ee%nedwhe&he#wa%&eﬁnpleﬁeaﬁéeeﬁeeﬁe(—w -

» 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.

* Verify domain requirefments. Ambiguous or unverifiable domain requirements are identified, and dom%n
i

n
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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

6.4

Th

Th

6.4

Cq
va

ool should support verifying domain requirements with the following capabilities:

[5uiding verification process

Bhowing the specified domain requirements and relevant information

Providing multi-user write access to the same document

Providing an environment for team reviewing, marking up, and commenting of domain tfequiremen
Providing a documentation template for documenting the verification results {including rational
eview decisions and the measures taken to correct the issues found)

Notifying relevant stakeholders about the verification status

1.2 Validate domain requirements
is task ensures the completeness and correctness of domainrequirements.
e method should support validating domain requirements.with the following capabilities:

Confirming whether there exist missing or contradicting domain requirements
Providing checklists for validation

Checking the completeness and correctness of.domain requirements
Validating the defined variabilities including-their variants and dependencies

ool should support validating domain_requirements with the following capabilities:

5uiding the validation process

Presenting the specified domain requirements and relevant information

Providing multi-user write ageéss to the same document

Providing an environmentforteam reviewing, marking up, and commenting of domain requiremen
Providing a documentation template for documenting the validation results (including rational
eview decisions and_the measures taken to correct the issues found)

Notifying relevant@&takeholders about the validation status

1.3 Validate conceptual test cases and scenarios for acceptance testing

nceptlal test cases and scenarios that will be commonly used by all applications within a produ
idated to ensure that they are enough to validate the completeness and correctness of member

S
es for the

S
bs for the

ct line are
products.

During application requirements engineering, application Specilic 1est cases and scenarios are defir

of

these conceptual test cases and scenarios.

ed on top

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

fol

lowing 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

ca

pabilities:
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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 sce

narios

 Allowing semi-/automated validation reports

6.4.4 Baseline 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 methtLd should support baselining domain requirements with the following capabilities:

e Establis
e Establis

* Managing the configuration of the baselined domain requirements

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

* Providing an interface to interact with the change and configuration management systems
g baselined domain requirements into the repository of change and .cenfiguration managemegnt

* Exportin
systems

6.4.5 Infitiate change management process

The change management should be initiated at this point<‘beforehand, proceeding further chan|

managem

The meth¢d should support initiating a change management'process with the following capabilities:

¢ Establis
change
¢ |nstitutin

A change
instituted

* Initializing the repository where the baselined domain requirements can be stored when baselining has be]

complet
* Setting
manage

6.5 Domain requirements management

Purpose

hing formal agreements for the domain requirements
hing a baseline for the approved domain requirements

ent defined in the requirements management.

hing a change management environment (e.g., the change management process and a supporti
management information system)
g a change management information.system and a supporting configuration management system

management information system and a supporting configuration management system should be
0 support the initiation of the:ehange management process with the following capabilities:

ed
up interfaces for.interacting with change management information system and configurat
ment system

bf the domain requirements management

ge

)

g

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

Inputs

with stakeholders’ change requests during product line and product line member development.

e Change requests for domain requirements (from Domain Engineering or from Application
Engineering)

24
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Outcomes

Tqsks

Change management in a product linexis complicated because change requests for domain require
sed from application engineering as’well as domain engineering. Because domain requirements gre related

ra
to

THe method should support managing requirements change with the following capabilities:

©

5.1 Manage domain requirements change

e New baselines and versions of domain requirements documents are established.

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.

Impact analysis results (including impacts for domain requirements and application requirements) are

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

Variability in Requirements) are documented.

\lanage domain requirements change. Changes to the domain requirements are trackéd and thej
changes are communicated to all affected stakeholders.
\lanage traceability. Traceability management allows stakeholders to follow the llife of each reg
{hroughout the life-cycle from the origin to implementation in both forward and-backward direction.

equirements engineering are managed.
Record and report status (Status accounting). Management records, that’show the status and his|
controlled domain requirements baseline are recorded and reported. Status reports should i
number of changes for domain requirements and the latest aftifacts’ versions produced durir
equirements engineering.

\lanage process improvement. The domain requirements engineering process and the enabling i
Eystems are assessed and reviewed to understand thewstrengths and weaknesses of the im
brocess. Improvements are implemented based on these\assessments.

\lanage feedback. Feedback from other domain and~application engineering processes is mar
esolved. Changes for variable requirements that.distinguish member products in a product line
bther need to be conducted with the Variability in;Requirements process for reflecting variability ch

a number of applications withinna product line, impact analyses of the requested changes are mg

\cquiring change/requests for domain requirements

Analyzing the-impact on other domain requirements related changes
Analyzing.the impact on other applications related changes
A\pproving changes

[racking change requests’ status to closure

approved

quirement

Mlanage versions of domain requirements. Versions of artifacts or work produdcts produced duripg domain

tory of the
clude the
g domain

hformation
plemented

aged and

from each
anges.

ments are

re difficult

the product line context than'in the context of single products. Therefore, supporting tools and m¢thods are
esiential.

ool 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

. Revisin*mmﬁgrbmmemmmns?nﬂmi
* Validating trace links

A tool should support managing traceability with the following capabilities:

* Maintaining versions of requirements trace links for recovery
* Updating the trace links
» Showing traceability information to a stakeholder in a certain role when the stakeholder.requests it

6.5.3 Mpnage versions of domain requirements

—

Applicatiops can share a number of versions of domain requirements artifacts. Tools have to be provided
cope with these complexities.

(0]

The meth¢d should support managing versions of domain requirements)with the following capabilities:
» Specifying recent versions of the baselines of domain requiremeénts artifacts

* Describing the differences between baselines of domain requitéments artifacts

* Managing the history of versions for recovering from failure

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

* Generatfing an automatic version number

* Providing a recovery mechanism

* Providing repository for managing version history

* Tracing fthe pertinent artifacts under the version control (requirements, models, etc.)
* Controlling versions of the baselines ofidomain requirements artifacts over time

6.5.4 Record and report status

The statuses and histories «0f controlled domain artifacts are continuously recorded and reported during
domain reguirements management so that all applications can refer to them.

The meth¢d should support status recording and reporting with the following capabilities:

* Managing the.requirements management records and status reports for showing the statuses and historjes
of contrglled.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
® ‘\ppldibillg the-weaknessesand bilcllgiila of the illlpicmcnicd domain lcquilclllcllib cllgillcclillg processes
* Developing domain requirements engineering process improvement recommendations based |gnh process
mprovement requests and appraisal results
* Developing an action plan for implementing the requested domain requirements engineering process
mprovement

» Managing raised issues during the domain requirements engineering process impleméntation

A tool should support managing process improvement with the following capabilities:

* Maintaining domain requirements engineering process assets (e.g., process'descriptions, process|artifacts)
* Providing templates for domain requirements engineering process appraisals
* Providing templates for developing action plans for domain requireménts engineering process impfovement

6.5.6 Manage feedback

Fgedback related to domain requirements must be colleeted from various sources such as other domain
requirements engineering services and application requirements engineering services. This task sHould have
the¢ capability to deal with various kinds of feedback*from all relevant sources and to communidate to the
sources providing feedback about the actions takenor planned to be taken to deal with the feedbacK.

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

* |dentifying feedback sources

» Evaluating the feasibility of feedback
Processing feedback (If changes to domain requirements are likely, explicit change requests are established
hnd processed)

* Returning the feedback progessing results

A tool should support'managing feedback with the following capabilities:

* Establishing a.channel for collecting feedbacks

* Capturing and<saving feedback and information about the sources of feedback
» Updating4he status of feedback

* Commupicating 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.

7.1 Variability in textual requirements

Purpose §f variability in textual requirements

The purpgse of variability in textural requirements is to express and document variabilities in requirements

using natpral language and makes them explicit. Documenting requirements variability leaves .room for

ambiguity [even when textual requirements are expressed using certain keywords or phrases.

Inputs

o Textual requirements documents
Outcomep
e Textual requirements documents explicitly expressing requirements variability are defined.

Tasks

» Define |requirements variability in textual requirements o illustrate requirements variability when
requirements are expressed in natural language. Variation, point and its variants including its effect on other
variabilifies should be depicted explicitly.

* Docum@nt requirements variability in textual requirements to augment structural and relational information| of
variabilify. Requirements variability has to be documented to provide the means to select or procgss
variants|in application requirements engineering:

7.1.1  Define requirements variability.in textual requirements

The goal ¢f this task is to express variability by certain keywords. The variation point and its variants have|to

be made ¢xplicit by adding extra.annotations.

The method should support defining requirements variability in textual requirements with the following

capabilitiefs:

* Making textual reguirements variability explicit

* Making pariatien. points and its variants explicit and expressing them

* Depicting the effect of a variability

A tool sho

 Highligh
¢ Providin

uld support defining requirements variability in textual requirements with the following capabilities:

ting variable requirements for discrimination
g 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 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

At

ool should support documenting requirements variability in textual requirements with the following

Ca

* Enabling trace links from a variability model defined separately
* Providing capability for identifying each variant uniquely

7.2 Variability in requirements models

Pu

THe purpose of variability in requirements models is to explicitly document variabilities in red
maodels. Variabilities should be are expressed in various types of requirements models including fe
calse, state transition, sequence, data, and etc.

Inputs

Outcomes

Tq

» Define requirements variability in_requirements model to explicitly express requirements va

7.

abiliticc:
T T S

rpose of variability in requirements models

e Requirements model

e Requirements models explicitly expressing requirements variability are defined

sks

equirements model. Variation, points with their variants and constraints are described in reg
models.

Document requirements~variability in requirements model to elaborate relevant informat
equirements variability-in‘requirements model and to offer clear understanding of variability in red
models.

2.1 Define requirements variability in model

uirements
ature, use

riability in
uirements

on about
uirements

nt and its

THe goalwefthis task is to express variability by certain keywords or phrases. The variation po
variants\hiave to be made explicit by adding extra expressions.
TI[ C IIICthUuI ahuu:d auppuft dcfill;lly IUquiIUIIIUIItD leldbl:lty ;II IIIUdU: vvith t: 1c fUHUVViIIH bdpdbi“tiﬂb.

* 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

©l
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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:

° Addlng ;:dbul at;Ul 1S tU |c:qui| CITITI ItD vdal Idbl:lty ;I 1 ID‘L{U;I CITITI Itb IIIUdU:

* Establishing relationships among the same requirements variability documented in different ways
* Adding glues that support linking 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 support documenting requirements variability in requirements model with the following
capabilitiefs:

* Enabling trace links from a variability model that is defined separately
* Support|ng integration of requirements variability documentations which are doCumented in different types| of
requirements models

7.3 Trageability between requirements variability and variability model
Purpose of traceability between requirements variability and, variability model

The purpdse of this subprocess is to establish links between\requirements variability documents and variability
model deflned separately.

Inputs

e Requirements models or textual requirements documents including requirements variability
e Variability models

Outcomep
¢ Requirements variabilitylincluding trace links with variability models are defined.
Tasks

* Define explicit link§>between requirements variability and variability model. Trace links of requirements
variability in requirements documents with the separated variability model are established and maintained

7.31

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

Iting from
monality
in [domain requirements is managed as domain assets. In addition, application requirements artifact$ with high
glops extra
elaborations and specifications to requirements artifacts to be reused as domain assets. The r¢lationship
ong requirements domain assets for being reused successfully or managing chafnges on them are also
analyzed in this process area. Subprocesses for configuring domain assets and-managing them in asset
repository refer to Asset management of ISO 26555.

Adset management in requirements engineering has two basic subprocesses:

* Domain requirements artifacts as domain assets serves, to identify and develop hecessary
information to help application engineers reuse domain requirements assets in their application
development. This process develops necessary gluest that will be used for integrpting and
orchestrating domain assets with other domain assets/and for reusing the assets. Such infgrmation is
created and analyzed when the domain assets are derived and refined.

*  Application requirements artifacts as applicatiori<assets serves to add extra descriptiong including
relationships to application assets.

THe domain requirements models and specifications*are important domain assets as application requirements
engineering will reuse them to define their requirements. And they will be used to refine the product |ine scope
and business cases and determine the feasibility of requirements.

8.1 Domain requirements artifacts’as domain assets
Pdrpose of domain requirements artifacts as domain assets

THe purpose of this subprocess is to identify domain requirements artifacts for using them as dompin assets
over a number of applications.

Reausable artifacts among designated work products of the domain/application requirements engingering that
will place under_€ontrol as domain assets are elaborated. Work products developed in domain/gpplication
requirements enhgineering, e.g. features, models, and textual or model-based requirements specifi¢ation, are
elaborated for,making them as domain assets.

Inputs

hd DUIIIdiII IUqUI'IUIIIUIItb IIIUU'UI'D

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

e 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.

811 Id

entify domain requirements artifacts managed as domain assets

The goal ¢f this task'is To identify domain requirements artifacts that will be reused as domain assets includi

both comn

The meth
following ¢

e Selectin
e Evaluati
e Establis

A tool shg
capabilitie

* Importin
* Storing

non and variable requirements.

apabilities:

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

uld support identifying domain requirements artifacts managed as domain assets with the followi
5!

g domain requirements artifacts that have reuse potential
he list of domain requirements artifacts as domain assets

8.1.2 Define configuration and annotation

The goal

pf this task is to define and develop the furtherstructure of domain requirements artifacts that

help with feuse at the application developments.

Processes
engineerir
binding v
specifies

g or how to validate the derived requiréments for an application can be added. They can also gu
riants. Each domain assets in requirements engineering should have attached processes t
ow it will be used to develop individual product’s requirements.

The meth¢d should support defining-configuration and annotation with the following capabilities:

* Defining
traceabi
* |dentifyi
develop

ity
ng annotations ©iecessity to reuse domain requirements artifacts as domain assets at the applicati
ments

* Validating configuration and annotations for domain requirements artifacts

A tool sho|

uld-support defining configuration and annotation with the following capabilities:

to guide how to derive the requirements for an application from the domain assets in requiremer

ng

bd should support identifying domain requirements artifacts managed as domain assets'with the

vill

e
at

configuration of domain requirements artifacts that help retrieve, update, delete, or maintain

on

* Allowing

tha accase of axistina infarmation for daofinina confinuration and annatatinon (tha canficy iratl
tHe—a S—exiSHRg— e RaHeR—er—aeHHRg—eeRHgHaHeR—Rea—aRReRHoR— e —6eRHgU T

includes trace links with the relevant scoping assets)
* Allowing the access of domain requirements artifacts

¢ Providin

g an 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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Inputs

e Application requirements artifacts

Outcomes

8.

THe goal of this task is to identify application requirements artifacts such.as)models and specificat
maintained in each application development.

THe method should support identifying application requirements atiifacts managed as application g
the following capabilities:

A

8.

THe goal of this task is to define ‘or develop the structure and information for application requireme
that will be referred by the.successive application development. Configuration for application red
aspets that will help it to be managed as assets is defined.

THe method should.Support defining configuration and annotation for application requirements asse
following capabilities:

e Configuration and annotations for application requirements artifacts are defined or developed

hat have relationships with successive application engineering processes are selected and deter
Define configuration and annotation for application requirements assets. The structure and ann
bpplication requirements assets that are necessary to maintain them within the asset repository ¢
{them at each application development are defined and developed.

.1 Identify application requirements artifacts managed as application-assets

Selecting application requirements artifacts used at the later processes of application developmen

mporting application requirements artifacts
Supporting reviewing and editing application’requirements artifacts

2.2 Define configuration and-annotation for application requirements assets

{raceability
dentifying annotations necessity to use application requirements assets at the application develop

Defining~configuration of application requirements assets that help retrieve, update, delete, of

ptations of
r to reuse

jons to be

ssets with

tool should support identifying application requirements artifacts managed as application assets with the
following capabilities:

hts assets
uirements

[s with the

maintain

ments

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 requirements are shared by many applications, domain engineering should be requested to ensure
that the ngxtptatformretease witt satisfy the Tequirerments:

Applicatiop requirements engineering has five basic subprocesses:

e A

bplication requirements elicitation identifies stakeholders relevant to an application, elicits applicati

specific requirements and binds the appropriate variants

on

ane understood and scrutinized for incorrectness, omissions, and ineconsistencies throu

9.1 Application requirements elicitation

Purpose

The purp
applicatio

requirements from them. Application requirements engineers use variation points and variants

communidate with stakeholders and let them select the variants that best meet their requirements. Applicati
requirements engineers’bind the selected domain requirements. Thus a domain variability model can be us
to guide the application-elicitation ensuring systematic reuse.

Inputs

Application stakeholders and other Information sources related to the application

requirements can impact the related domain assets so that impacts should be carefully analyzed.

requirements modeling. Requirements that cannot be satisfied through the domain requirements, t

the gap between domain and application requirements, are then documented, analyzed, 4
gotiated.

plication requirements specification documents application requitements by adding a memf
duct specific requirements to the specification of the bound domain‘requirements.

pplication requirements analysis first ensures that all requirements of the application stakehoIdFs

h
at
nd

er

und variants and the remaining gap and examines “their rationales. Application spe
uirements and the bound domain requirements are yerified to ensure they make sense for
duct.

plication requirements management manages\(Mraceabilties and changes of applicati

plication requirements validation and verification reviews andtests the requirements relevant to Ie
clf

ic
e

on

uirements. Traceability management deals with traceabilities among application requirements, and

ceabilities between requirements and application variability models. Changes in the applicati

bf the application requirements elicitation

bse of the application redquirements elicitation is to identify the appropriate stakeholders 3
specific requirements) sources and to elicit application specific functional and nonfunctio

on

nd

nal

to

on
ed

[ ]
o Domain assets related to the application

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

Outcomes

34

Domain assets are selected.

Variant bindings including the rationales of variability resolutions are conducted.
Application specific requirements lists (in elicitation service) are made.

Elicited requirements gaps between application and domain requirements are defined.
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

axtent are selected

» Select domain assets. A set of domain assets associated with an application are identified)ffom asset

epository.

* Review the elicited initial application requirements to see whether they violate the application’s $cope and

{he requirements of the stakeholders and revise them as necessary (including a comparison witH the asset

broposals)

9.1.1 Draw a context diagram for an application

A tontext diagram describes the relationships between an application and’its’environment. This tasi serves to
find application users, relevant systems for interoperability, and other relationships.

THe method should support drawing a context diagram for an application with the following capabilities:

* Analyzing the application environment (e.g., application users; stakeholders, external systems)
* Analyzing the relations among identified entities
* Piagramming the application context under the productline context

A fool should support drawing a context diagram faor:an application with the following capabilities:

* Providing documentation templates
* Providing checklists for analyzing the entities involved in application environment and their relations
* PDrawing 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
application requirements are assumed to significantly overlap with the domain requirements. |However,
detailed requirements ‘elicitation and analysis only needs to be conducted for those application requirements
that cannot be implémented by using the product line platform.

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

Deriving-initial gaps based on application specific features defined in Product Line Scoping

Decomposing application specific features into apphca’uon |n|t|aI requirements
dantifiina additinnal aane Ay Hh thao haln ~Af tha Aaraain raa e~ s AN o and ool i aAAl

ety g aottoraTr- gopp o it T e o Ot e OO |\4\.|u||u|||u|uu T vunuunu] TTTOCTCT

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
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* 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 meth¢d 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
variabilily models with trace links

* Binding [the internal (technical) variants associated with the external variants

* Validating the bound variants

A tool shopld support binding the best matching variants with the following capabilities:

Importing the relevant variability models

Importing other relevant domain assets into the application workspace

Showing the variability models (e.g., variants and dependencies) for binding Variability

Indicatirjg the variants that best meet stakeholders’ needs and storing rationales for the selections
Checking the variability dependencies and constraint dependencies of the selected variants
Recordipg the rationales for the decision

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

The meth¢d should support selecting domain assets with the following capabilities:

* Finding the relevant domain requirenients artifacts with the help of the application variability model
* Evaluating them from the viewpojnts.of application and the reusability requirements imposed by the prodiict

line

A tool should support selecting-domain assets with the following capabilities:

.
av
=
(@]
<.
=3

an interface-{o.interact with the asset repository
the stakeholders to view the variability model and associated domain requirements (preferab

)
m
2
Q
=X
=]

y

workspgce
* Recordipg-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
requirements

* Maintaining the checklists for verification

9.2 Application requirements analysis

TH
en

All outcomes of this subprocess deal with application requirements holistically, that is, both applicati
requirements and the domain requirements associated with the bound.variants.
Inputs
o FElicited application requirements
e Relevant domain assets
Outcomes
e Functional/non-functional application, requirements (including constraints, dependen
priorities) are refined.
e Application requirements models-(e.g., use case, feature model, context diagram, and data
are defined.
e Technical and economic feasibility of the application (technical prototypes) are determined.
e Application test cases-and scenarios are defined.
Tdsks

:2012(E)

cification that fully meets the application requirements. Relevant tasks includes . building g
aluating feasibility, and negotiating priorities. Because the relevant domain assets. ‘are” typically
by are, only the application specific requirements are analyzed and refined inrdetail, saving {
bources compared to traditional single-system engineering.

e traceabilities among domain assets should be established and well maintained in domain reg
gineering. In this subprocess, the relevant domain assets are retrieved’by-Using the traceability in

Classify and balance application specific initial requirements. Application specific initial require
Classified into fdnctionality, quality attributes, constraints, and other non-functional requirements ¢
he granularity fevels of application specific initial requirements will be balanced by decomposing
equirements into low level ones and aggregating detailed requirements into higher level ones.
Analyze-commonalities and variabilities. Requirements that are specific to a member product are
A\n application variability model may include new variation points and/or variants.

\/Iode/ application specific requ:rements Appllcatlon specific requirements and their interdepend

uirements
uirements
rototypes,
reused as
ubstantial

uirements
formation.
bn specific

cies, and

Hictionary)

ments are
ategories.
high level
analyzed.

bncies are

zad tao _ravaal inoarrant inosonoio tont  oaiocoine ad—crna wflaoiie racraaanta Anali~aoti A

1ol
ASHaHZea—to—reveat llluvllvvl., TTCOTTOTSTOTTG IIII\)\)IIIu, ahe uuyullluuuo oot 7 ypepncatol

n 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.
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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 bOU d dUIIIG;II IU\.{UIIUIIIUI Ito
* Aggregating low-level application specific initial requirements to higher level ones by balancing with|t
bound domain requirements
* |Identifying conflicts among the application specific initial requirements

A tool shpuld support classifying and balancing application specific initial requirements with)the followi
capabilitiefs:

* Importing the domain requirements classification results for integration

* Importing elicited application specific initial requirements and relevant informatien” into the applicati
requirements analysis workspace

» Supportng editorial environment for decomposition or aggregation of applicatioen-specific initial requiremer

* Allowing discrimination of derived requirements from domain requirements with application specific inifi

requirements
* Allowing documentation of the classified application specific initial requirements
9.2.2 Apalyze commonalities and variabilities
This task| analyzes application specific requirements variabilities. Commonalities can be analyzed
considerinlg adaptation. And an application variability model may include new variabilities in accordance w

the decisipns.

The meth¢d should support analyzing commonalities and variabilities with the following capabilities:

he

for
ith

* Analyzing application specific requirements variabilities under the leverage of commonalities and domain

variability model
* Analyzing inconsistencies of bound(variabilities and application specific requirements
* Analyzing commonalities similar to_the application specific requirements for considering adaptation
 Defining application specific variation points and/or variants if necessary

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

* Allowind reference to-the elicited application specific requirements and bound variable requirements
* Allowing reference to the collected information related to the application specific requirements

* Allowing reference to the commonalities and domain variability model

» Supportjng-documentation for application specific variation points and variants

9.2.3 Model application specific requirements

The goal of this task is to ensure completeness and feasibility of the application specific requirements throu
modelling. Application models with defined variability bounds in domain requirements models are integrat
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

gh
ed
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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:

ca

9.]

TH

thém with the domain requirements’ test cases and scenarios developed in domain engineering and

Wi

Th
fol

Supporting requirements modeling

Allowing traces the models with application specific requirements

Storing and content management of the rationale of the feasibility analysis
Exchanging information pertinent to prototyping with external prototyping tools

:2012(E)

t are not conducted during domain requirements engineering to distinguish ambiguous an
uirements. If the bound variants have been fully implemented in domain realization,phase, protd
realized quickly on top of the realized variants.

pabilities:

Prioritizing the application requirements considering the priority of relevant domain requirements
Choosing application specific requirements that will be prototyped

Deciding what kinds of information must be collected

Prototyping

[Sathering the necessary information

Analyzing the feasibility of the requirements using the prototyping results

tool should support creating prototypes and analyzing feasibility for application with the
pabilities:

Storing and generating user defined and tool provided checklists and templates for technical, e
hnd operational analyses

Storing and managing the results of the feasibility analysis and their rationale

Exchanging information pertinent to protetyping with external tools

p.5 Develop conceptual test.cases and scenarios for acceptance testing
e goal of this task is to deyvelop application specific requirements’ test cases and scenarios ang
h the bound variants-in order to test application requirements holistically.

e method should’support developing conceptual test cases and scenarios for acceptance testin
owing capabilities:

Developing application specific requirements’ conceptual test cases and scenarios and analy

easibility

ntegration
j feasible
types can

e method should support creating prototypes and analyzing the feasibility for ‘application with th¢ following

following

onomical,

integrate
associate

g with the

zing their

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

(]
¢ peciding on the expected results 1or each test case
L]
L[]

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

fol

lowing capabilities:

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

* 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

©l
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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 applicati
stakeholders’ requirements. Especially, it should be ensured whether application requirements derived
binding variability 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

on
by

° ReVIeW| Iy vvhcthcl buull\]I vdal ;dllt dl Id app“baﬁUH bpcuiﬁu ID‘L{U;IUIIICI Itb GUICC vv;th cauh Uthcl

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

* Importing application requirements analysis results

* Providing an environment for reviewing and commenting the application requirements via ‘Communicati

networkp
* Allowing an environment for checking relations between bound variant and application spgecific requiremer

9.3 Application requirements specification

Purpose of the application requirements specification

The purpdse of the application requirements specification is to document the application specific requirements

and integfate them with the domain requirements associated with\the bound variants. All outcomes of t

Nis

subprocegs thus deal with application requirements holistically, that is, both application specific requirements

and the dgmain requirements associated with the bound variants-are covered.
Inputs

Dopmain requirements specification

Application variability model

Flinctional and non-functional application requirements
Application requirements models

Technical and economic feasibility- of the application
Application requirements’ test cases and scenarios

Outcome$

o SRS for the application is produced.

o Thace links to @pplication requirements sources including the domain requirements associated wjith
the bound variants are established.
Tasks
* |dentify \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
dcl Itlfyll IU thc SUUIUTOS Uf app“uati\.u 1 Dpcb;ﬁb |cqui| CITITI ItD

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

A ool should support identifying the sources of requirements for the bound variants with the following
capabilities:

* Allowing reference to information from the application requirements elicitation to the application
equirements analysis
* Providing templates for recording the requirements annotations

9.3.2 Establish traceabilities for application specific requirements

Most trace links that are established during domain requirements.€ngineering are reused as they 3re, and in
thils task, only the trace links for the bound variants and application’specific requirements are establighed.

THe method 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 fool should support establishing traceability forithe bound variants with the following capabilities:

 Btoring the application requirements tracelinks
» Bhowing the application requirements trace links at specific points

9.3.3 Document application_specific requirements

THe goal of this task is to produce a well-structured and organized application requirements specifi¢ation. For
thils purpose, the domain requirements specification should also be well structured.

THe method should-Support documenting application requirements for the bound variants with thg following
capabilities:

* Assigning.values for all requirements’ annotations
* Aggregating documentation from the application requirements elicitation and analysis
* |ntegrating the document with the relevant domain requirements artifacts

A tool should support documenting application requirements Tor 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).
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