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Abstract

This deliverable contains guidelines for the specitiation and management of
requirements for a system of systems (SoS) and its constituent systems. At the
core is a frameworkbased approach to requirements engineering based on
looking at requirements from all the relevant stakeholder contexts This
framework is described, with each of theviews that make up the framework
described. Examples of how these views may be realised in batemiformal and
formal notations are given. The processes needed to engineer and manage
requirements are defined, again using a viesbased approach, with the content
of the processes informed by 1ISO 15288:2008.

Schedule:

- full version forreview ¢ 10.05.2012
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- final version to the EC 31.05.2012
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1. Introduction

Requirements engineering has long been accepted as essential to the successful
delivery of projects. In the field of System of SysteméSoS)engineering perhaps
more so, agequirements may span more than one system, from the SoS through
its constituent systems (CS) and down to their component subsystems. In
addition, in an SoS the relationships and interactions between the constituent
systems are a key aspect of the SoS amdid a level of complexity to the
requirements for the SoS and the constituent system&iven the modelbased
approach now being widely adopted across the systems engineering community,
it is sensible that the same modebased approach be applied to requements
engineering.

This report takes such an approach and, following this Introduction, consists of
three main sections. In Sectior2 a framework for model-based requirements
engineering (MBRE) is described, with examples of how the framework issed
given in Section3. Extensions to this framework to give specific coverage f@oS
projects are given in Sectio4. In order to use such a framework, it is essential
that robust requirements engineering processesare in place. A set of such
processes is described in Sectioh. Dissemination and feedback on the proposed
framework and processes s discussed in Sectiors. Conclusions and references
can be foundin Sections7 and 8. Two appendices presenting the requirements
process model and giving summaries of the requirements processesd the
document.

This deliverable is areport on an underlying Systems Modelling Language

(SysMLD model of the extendedrequirements framework and requirements

processes described within.Some knowledge of SysML is assumed. For a brief

description of SysML sedCOMPASS D22.1JFor an introducton to SysML see

[Holt & Perry 2008]. For a detailed SysML specification sd®MG SysML2011]

This SysML model has been created using At
modelling tool.

1.1.Scope

This document presents guidelines on the requiremenéngineering activity for
developing and maintaining requirements for System of Systems. The document
will take a modektbased approach and enhance traditional requirement
engineering principles to the level of System of Systems.

System ¢ Systems are accading to [Dahmann et al 2008], divided into the
following four types:

1. Virtual —‘Virtual SoS lack a central management authority and a centrally
agreedupon purpose for the system of systems. Largecale behaviour
emerges—and may be desirable—but this type of SoS must rely upon
relatively invisible mechanisms to maintain it

12
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2. Collaborative — ‘In collaborative SoS, the component systems interact
more or less voluntarily to fulfil agreedupon central purposes. The
Internet is a collaborative system. The Intmet Engineering Task Force
works out standards but has no power to enforce them. The central
players collectively decide how to provide or deny service, thereby
providing some means of enforcing and maintaining standards.

3. Acknowledged — ‘Acknowledged SoShave recognized objectives, a
designated manager, and resources for the SoS; however, the constituent
systems retain their independent ownership, objectives, funding, as well
as development and sustainment approaches. Changes in the systems are
based on ollaboration between the SoS and the systen.

4. Directed — ‘Directed SoS are those in which the integrated system of
systems is built and managed to fulfil specific purposes. It is centrally
managed during longterm operation to continue to fulfil those purposes
as well as any new ones the system owners might wish to address. The
component systems maintain an ability to operate independently, but
their normal operational mode is subordinated to the central managed
purpose.

The processes described in this document will bealidated through use in the
two COMPASS industrial cases studies performed at Bang & Olufsen A/S in
Denmark and the Insiel in Italy, where the Insiel SoS is recognized as an
acknowledged SoS and the Bang @lufsen SoS as a collaborativBoS For this
reason, his document focuseson supporting acknowledged and collaborative
systems.

1.2.Context

Many traditional system engineering requiements processes are defined to
support development of complete new systems, where all important the
requirements are defined upfront, before the system is architected and
implemented. A typical characteristic of these systemss that they have a single
authority that controls the systan development.

Some researchers consider hese processesto be inadequate for the
development of System of Systems (see in [Lewgt al 2009] and [Ncube2011]).
There are three key areas of concern that must be addressed by any
requirements engineering processes that are to be used for the development of
an SoS

1 Independence
1 Emergence
1 Evolution

These three areas help to set the context in which this document has been
produced and are described briefly below.

Consider

13
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Figure 1 which shows a‘System of System t ha't i's made up of
‘ d@hstituent Sy st em’ . Each ‘Constituent System’
‘*System of Systems’
«block» 1 1% «block»
System of Systems Constituent System
applies to A footh} - applies to A
«block» -~ applies to : «block»
Emergent Behaviour ‘ System Evolution

Figure 1 System of Systems, Constituent Systems, Emergent Behaviour and System Evolution

Independence

One problem with constituent systems is that they may already exist, have a
purpose of their own andbe managed by their own authority. This can give rise
to conflicts when a requirement for the SoS in which the constituent system is
taking part conflicts with those of the constituent system. Another important
aspect to consider is that a given constituent system can belong to more than one
SoS, which could lad to conflicting requirements for the CS coming from each
SoS.

Independence means operational as well as managerial independence of the
constituent systems. This implies that new capabilities, requirements and
changes must be dealt with at two levels, thSoSevel and the CSevel.

In relation to a process for SoS requirement engineering, any such process
should account for this situation, where a given system capability has to be
broken down to requirements that belong to either the SoS or to one or m® of
the constituent systems. When a new capability or a change request is
introduced it must be analysed and characterized as either belonging to the SoS
level or to the CSevel and be handled by the appropriate responsible authority.

Emergence
As shown in

Figure 1, the concept of emergent behaviour applies only at the SoS level. It is a
characteristic that emerges at the Scefevel as a result of the interatton between

a number of CS and is a behaviour which cannot be achieved by, or attributed to,
any of the individual systems.

When undertaking systems engineering it is essential thathe emergent
characteristics expected of the system are understood. [Nba2011] sees the
management of emergent behaviour as one of the key areas of requirements

14
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engineering research, stating thatEffective requirements engineering methods,
tools andtechniques for managing emergent effects with predictableesults are
required. ’

Evolution

Whereas emergent behaviour only applies at the SoS level, the concept of system
evolution applies both at the SoSevel and the CSevel. An SoSand its
constituent systems may have long life times, with each constituent system often
in a different stage of its individual system life cycleEvolution is natural for
these longlived systems where changes camesult from technological changes,
new or changed user capabilities, or new legal requirement®.g.government
legislation.

Any SoS requirements engineering proceses must, therefore, support a
continuous development lifecycle model, where new capabilities, requirements
and changes to existing requirements are to be handled by the process at eithe
the SoSlevel or the CSevel throughout the life time of the system.

15
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2. A Framework for Requirements

Getting the requirements right for any system is crucial to its succes&iven the
model-based approach now being widely adopted across the systems
engineering community, it is sensible thathe same modelbased approach be
applied to requirements engineering.This approach treats requirements as more
than just simple descriptions of needs, devoid of context, andonsiders the
requirements for a systemfrom different points of view (context), rather than a
single flat view. This helps the requirements engineer understand and manage
the complexity of the requirements.

This report presents aframework for MBRE based on theéApproach to Context
based Requirements Engineering (ACRE), described [Holt et al 2011]. This
framework allows any number of requirements contexts to be produced,
something that is not often found with traditional requirements approaches. The
approach has been used successfully on a number of industrial projects and on
two European projects: OPENCOS&nd iFES®. This section and Section 3
introduce the framework and give examples of how it is usedhen engineering
individual systems. While presented here in somaletail the full description of
the framework, the issues it sets out to address and a detailed example of its use
can be found in[Holt et al2011].

In order to be used for requirements engineering when developing agoS, te
framework has been extended from the version described fully ifHolt et al
2011]. The extensions to the framework are described in Sectigh

The Systems Modelling Language (SysML) is used throughout this document to
describe the requirements framework, give examples of the various requirement
views defined by the framework and m the definition of the requirements
processes which follow the framework. Details of the SysML can be found in
[Holt & Perry 2008] and [OMG SysML2011], with a limited subset described also
in [Holt et al2011].

2.1.High-level Description

The approach to contet-based requirements engineering described in this

document is a view-basedrequirements framework. It describes a number of

views each of which captures some necessary
The framework relates the views together, ensuringconsistencybetween the

views and coverage of all the relevant requirements engineeringpncepts These
requirements engineering concepts are shown ifrigure 2 below.

1 http://www.opencoss -project.eu/
2 http://www.artemis _-ifest.eu/
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«block»
Formal Scenario

«block» N constrainshm- ~dvalidates 9«
Rule
describes the context of
«block» *
Source Element

s elicited from

«block»
Scenario

«block»
Semi-formal Scenario

1.*

«block»
Use Case

[ «<block»
Context
«block» «block» A
Goal Capability ‘
«block» «block»
Requirement System Context

1.

«block»
Stakeholder Context

«block» 1
System ~=frepresents the need for

Figure 2 The model-based requirements engineering ontology

Figure 2 shows a modelbased requirements engineeringontology, represented
using a SysML block definition diagramAn ontology, in the context used here, is
a model of theall the key concepts, thedrminology used to describe them and
the inter-relationships between said concepts. This use of ontologies for
defining frameworks is well-established and used extensively throughout
industry. For examples see[Holt & Perry 2010] and [Dickerson & Mavris2009].

The ontology in Figure 2 covers all of the concepts pertinent to modelbased
requirements engineering and is used in the definition of the requirements
engineering views which are described in the following suksections.

The diagram shows that thereishec o n c e pNeedo f t lma t dakatypest hr e e
‘Goal ‘' Requi Capabédity On e amrd Néed r elicked from one or

mor e SourceoEl momerpat ' RulDae coNeedtrains one |
One or more ‘Use Case’ Heeds c &1 B@rst ¢ hte’ .c ohh e
are two types of context shown here: the
Context ', al t hough .tOheosr |Imosrte (i‘sSyism @ onmpQ cet
represents the need for a ‘System’

One or more ‘“Scenari o’ vali dates one or mo
of ‘Scehar i ®e mia l Scenari o’ and the ‘" For mal

Each of theseelementsis described in moe detail below.
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211. TheNeed concept

The prime conce Need tha is tudedh tbo descfibeat need or
capability of a system or project.

There are many differenttypesof need that may existand there is no definitive
view on exactly what thesetypes are it varies depending on the project, the
industry or the company. The framework described hereis flexible enough to
cater for any type ofneedand three example typesand three subtypes are given
in Figure 3 below.

The three main typeso fNeed are:

T * Goal ", which defines and describes a d
system or project is directed towards.
T “"Capability’, w h i coh an edrganisation bfepeople die abi | |

systems to do something in order to deliver stated goals. Capability is
usually demonstrated by executing a set of defikeprocesses.

1 ‘Requi r emmehrdefines a propery of a system that is either needed
or wanted by astakeholderin order to deliver stated capabilities

Goals, capabilities and requirements can be thought of as a hierarchy:
requirements define the properties needed to deliver the capabilities which in
turn describe what needs to be done to meet théesired goals.

Goals and capabilities are often expressed at a hidgwvel, suche as ‘B
acknowledged as a global leader in air traffic solutions and airport performance

(a goal) and ‘ Manage aircraft flights’ (a
goal).

Such highlevel goals and capabilities often form theuser requirements for a

system. Indeed, foran So3ts requirements are often described via the required
capabilities that the SoS is to deliver. The goals and capabilitiesm the basis of
the requirements for the systems to bedeveloped in order to deliver the

required capabilities. In fact, the overall purpose of systems engineeringcan be
thought of as theprovision of operational capabilities that meet organisational
goals (Stevenset al 1998]).
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Typ
types:

T

«block»
Need

‘ «block» ‘ ‘ «block>» ‘

Goal Capability

«block»
Requirement

«block» «block»
Functional Requirement Business Requirement

«block»
Non-functional Requirement

Figure 3 Types of Need

ically Requirement i's categor4d sed fur

A ‘“Business Requirement’ i's used to st:
businessor organisation. This will include business drivers that impact

the entire organisation and all the projects within it. These requirements

will be, by necessitydescribed at a very high level and may, indeed, often

be described as goals or capabilities rather than regqrements.

A ' F u n cetq uoinraelsrusBd to’state an aspect of the behaviour of
the system, often describing some sort of observable result to
stakeholdersthat are using the system. By their very definition, functional
requirements ‘ desultis some dor of fiugctioa bethg
performed. Functional requirements are usually what are referred to
when people misuveguihemeat®’ “user

A “"HRaoamctional Re qui r e¢hemway that a functiohal const r a
requirement may be realised.Examples are requirements that specify

response times, number of simultaneous users, technology or systems

that have to be used etcl t should be noted that the
often wused r #unttienal Ret ghuainr eTiNsaandeliberately

not used in thisreport as the formal term on the ontologybecause the

term ‘constraint i s one of t hBo key <col
avoid unnecessary cedunfcusiomrml t Requer mmé |
used.

It is essential to identify and unckrstand the nonfunctional requirements
that exist in a system. Norfunctional requirements are sometimes
treated as secondary requirements that are not as important as functional
requirements. Although this may be the case in some instances, overall it
is the satisfaction of these norfunctional requirements that will decide
whether the project is successful or not.
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Key to successful engineering is ensuring that all requirements arexplicitly
defined, ensuring that they do not exist onlyi nsi de s loeade Suche ’ s
definitions are usually made in terms of a minimum set of properties such as
identifier, name and description. This is discussed further in Sectiaa 2.3 below

While each requirement must have a requirement description, the fact that each
requirement has such adescription does not mean that the requirement itself is
understood. A description of a requirement does notmeanthat the requirement
has been given meaning. A requirement has not been given a meaning until it has
been put into context This is described further in the suksection on use cases
below (Section2.1.5).

As wellas describing a requirement, dNeed

1 Provides a basis for traceability which is essential for systems
engineering. It must be possible to trace from any element in the
development right back to the requirement (and then back from the
requirement back to the requirement source elementy. Once this
traceability has been established it is possible to trace back to
requirements and forwards to the rest of the developmentallowing
requirement change and impact assessment to be made. Traceability is
discussed further in Sectior2.2.7below.

1 Provides a basis for measurement, whether it is a crude measurement,
such as the number of requirements, or a more sophisticated measure,
such as a complexity measure. Such measurements may beplagal to
individual requirements or to the requirements set as a whole.

1 Provides a basis for contractual agreementssrequirements usuallyform
part of the contractual agreements on a project.

All Needs must be abstracted fromsource information which is discussed in the
next sub-section.

212. The O6Source El ementd concept

All requirements must originate from somewhere. As shown ifrigure 2, one or

morheedi s elicited from one or more ‘Source
«block» .
In practical terms, asource element can

be just about anything. Exarples of
source elementsare shown in Figure 4

«block» «block» . .
and include: standards, project

documents and publications such as

E; books, papers and presentations.
{incomplete}

This list is not exhaustive. For example,

conversations, emails and existing
systems are other types of source

«block»

Paper

Figure 4 Types of Source Element 20
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element that could be included.The key point is that there istraceability
established between these sources and the requirement descriptions.

213. The ORul ed concept

When describing any requirementin natural languagethere is a ld of room for
ambiguity and mignterpretation. In order to minimise these problemst he * Rul e
concept allows the definition of a number of rules that are applied to

requirements descriptions. This is shown inFigure 2: one or mor e “Rul e’

constrains Neade. or mor e

These rules may apply to the requirement itself or, more usually, to the
propertiesof a requirement. Sometimes these rules will apply to the way that the
wording in a requirement description must be applied Gher rules concern the
complexityof the text description that is being used to describe the requirement.

One of the best examples of wording rules concerns the use of words such as
“shall’ | “may’ ,An exampte wf such rues dan becfaumil .
[IEEE2005], two of which are:

1 The word shall is used to indicate mandatory requirements strictly to be
followed in order to conform to the standard and from which no deviation
is permitted (shall equals is required to ). The use of the wordmust is
deprecated and shall not be used when stating mandatory requirements;
must is used only to describe unavoidable situations. The use of the word
will is deprecated and shall not be used when stating mandatory
requirements; will is only used in statemens of fact.

1 The word should is used to indicate that among several possibilities one
is recommended as particularly suitable, without mentioning or excluding
others; or that a certain course of action is preferred but not necessarily
required; or that (in the negative form) a certain course of action is
deprecated but not prohibited (should equals is recommended that ).

Such rulesprovide good guidance on the use danguage constraining the way in
which the requirement can be described.

Another exampleof a rule concerns the complexity of the text description that is
being used to describe the requirement. There are many best practice complexity
measures that can be used to assess the complexity of a sentence or paragmiph
text. One of the most widelyused is the Flesch Reading Ease ScgWiki Flesch
2012] that indicates how easy text is to read.

214. The 6Contextdé concept

The i deaonotfe xtthhe i‘sC f unmglieements freankwork.dn it h e
simplest form, a context fmawiorelhe systemo u g ht
under development.It is possible to view the requirements of a system fronany

number of different points of view (contexts), so it is essentialthat it is well
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understood from what point of view each context is takerkigure 5 shows two of
the more common contexts that are possible.

«block»
Context

{incomplete}

«block»
System Context

«block»

Stakeholder Context

1.*

1

«block»
System

represents the need for v

Figure 5 Definition of two types of 'Context'

The diagram shows that there aretwo t y pe s
Contanxd the *Sy®Onemo€Combobext ™ System Context
need f or This list3synsttexhaustive; nany other types of contextare
possible but are not shown here as indicated by the SysML {incomplete}

constraint.

The ‘" Stakehol der

of:t héontSetxatk’e h ol

C a of viewxthiat'is defised lay loskengata f p o i
set of requirements from the point of view of differentstakeholdersthe roles of

any person or thing that has an interest iror is affected bya system.Stakeholder

context views are discussed further in Section®.2.4and 3.4 below.

The *System Context’ I s
hierarchy of a systemthat may itself be broken down further into, for example,
subsystems, assemblies and componenté/hen considering such aierarchy, it

is usualto have a number of different types of requirements defined that exist at
the various levels in the herarchy: system requirements for a system, sub
system requirements derived from the system requirements for each subystem
and so on. Eaclhierarchical level will have one or more contexts associated with
it that consider the relevant requirements from that point of view, trace back to
requirements at the higher level and establish theneaning of the requirements
in that context. This difference of meaning based on context is discussed further
in the next subsection on use cases.

dasexl ot thetevel op oi nt s

The stakeholder and system contexts arédwo common ways to identify the

contexts of the system, but there are many more contexts that may exist,
depending on the rature of the system or project that is being considered. Other
examples of contexts includebut are not limited to:
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1 Business contexts, descriimg business requirements, mission statements,
business goals and so on.

1 Project contexts, describing requirements that relate to delivering the
project on time, within budget, etc.

1 Programme contexts, descrilmg programmatic requirements that
represent strategy, program goals etc.

1 Context by life cycle stagegescribing requirements for a specific stage in
a project. For example, a missile will have a different set of requirements
depending on whether it has been fired or not- this is particularly
relevant where safety is concerned.

1 Context by system statedescribing requirements that are dependent on a
specific state of the system. An example of this may be a set of
requirements t h at are only rel evant when

operating mode’, or ‘emergency mode’
1 Regional contexts, describing requirements that areelated to local laws
or culture.

This list is not intended to be exhaustive, but provide an indication of how
complex system engineering is Only by considering the requirements for a
system from different points of view, rather than a single flat view,can such
complexity be undersbod and thus handled. The framework approach to MBRE
described here allows any number of such contexts to be produced, something
that is not often found with traditional requirements approaches.

215. The O6Use Casebdb concept

The corcept of a use case is one that is very often misunderstood. Many people
assume that a use case is the same asneed but this is not the case. The
definition of a use case thats used hereis that a use case is aeedthat has been

given meaning by putting it intacontext. As shown onFigure2,o0ne or mor e
Case’ descri bes Neelde vd an tt ehxet ‘ oCfo na aecxht ' °*.

The key point here is that any singleneedmay be interpreted in different ways
depending on the point of view, or context, that it is viewed fro@onsider the
example ofa passenger airlineand imagine that there is aneedthat is defined as

‘ Sav aeyno. seemh iquste straighforward and easy to understand as
almost everybody can understand the idea of saving money. However, depending
on the role that we are taking (which stakeholder we are) theneed will take on
different meanings(different use cases):

T From t he passenger’s point of Vi ew,

money on the fare paid to make a journey. Therefore, theeedi s * Save

t

money’, the context is fromotddrendpoi nt

t he use c ageenonayaoy cobtef arSe”’
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1 From the airlineoperator’ s poi nt of view, this may b
money on the cost of providing a flight, in terms of fuel costs, staff costs,
food costs, and so on. Therefore, theeedi s ‘ Save money’ |, t he
from the pointofview of the ‘ Spondtberusecas¢mayehol der
beav8&8 money on the cost of providing a !

Thus asingleneed ‘ Save mo nocamypletelydiffexdnteneaningswhen

looked at in different contexts the context considered can completely alter the

meaning of the originalneed. It should also be noted that in the example here the

two use case wil/|l potentially conflict, as
money, but theoperatord o e s n’ t waany mohey eitsep. Bynconsidering

the various use casgin context it is possible to identify any areas of potential

conflict, overlaps, gaps in understanding and so on.

When it comes to demonstrating that the originalneeds can be met (i.e.
validated), then it is the use casethat must be validatedand not the needssince

a need can only be validated when understood in context. Validating the use
cases will in turn, validate the originalneeds This is discussed more in the next
sub-section concerningscenarios.

216. The O6Scenari o6 concept

The previous sub-section discussed how the originalneeds must be given
meaning by putting ead into context using use cases and how, when validating
needs this is done by validating the uses cases that give tineeds meaning in
context. The way that use cases are validated ithrough the concept of a
‘Scenari o’

A scenario is defined a1 A @Dl T OAOET 1T | &£ .BachOuseEcAs® E A8 Al
will give rise to a number of different situations that may arise when itg being

satisfied. This is shown on the following diagramshowing part of the ontology

from Figure 2.

«block»
Use Case

l“*
validates A
1“*
«block»
Scenario
«block» «block»
Semi-formal Scenario Formal Scenario

Figure 6 Definition of a scenario
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The diagramin Figure6s hows t hat one or mor e Scenari o
‘“Use Case’ and that there adfermwb 6BGBgpaar of
andthe * For mal Scenari o’

Semi-formal scenarios are realised by a semiformal notation such asSysML,
making use of, for examplesequence diagrams that show interactions between
elements in the systemThey can also be described informally using text as a set
of scenario steps. Often the two are combine&cenarios will normally be created
for each type of context that has been developed. For example, if stakeholder and
system contexts have been developkthen both gakeholder-level scenariosand
systemlevel scenarios would be created. The stakeholddevel scenarios
typically treat the system as a black box and analyse the interactions between
the stakeholders and the system. Theystem-level scenarioswould explore the
interactions between system elements within the system.

Formal scenariosare realised in SysMLthrough parametric constraints and their
usages, allowing a more mathematicalbased approach to be taken for
understanding the use cases. Thgarametric usages are connected together into

di fferent net wor ks that all ow *what i f
when considering trade-offs.

Formal scenarios can be given a semantics using formal methods suchtlas

COMPASS Modelling Languag€ML). In COMPASS we uglee Unifying Theories

of Programming UTP) as the underlying formalism in which to expres<CML As

a consequence, we can modeboth state-based and behavioural and
communication properties in CML The use of formal notations offers some
specific advant ag eHRrstly, thay aré exdécatdble softhatthayn al y si s
can be animated and used in simulationsSecondly, they are verifiableUsing

proof, modeklchecking or testing one can check for correctness criteria in the

model and by means of modebased testingalso check for correctness criterian

corresponding implementations.

The primary usef or a iSto demanstiate how eachh Us e c@mabg e
validated. Thus some can be used as a basis for acceptance tesisd therefore
can be considered to be test cases. (Indeed, the SysML provides the «testCase»
stereotype to allow scenarios, modelled using sequence diagrams, to be explicitly
marked as representing a test case).

Having consideed the various concepts, terms andrelationships that are
essential to modelbased requirements engineering, the following section
describes the various views that make up the requirements engineering
framework.

2.2.The Framework Views

The ontology descried in Sectior2.1 introduces a number of concepts that must
be realised in order to be able tadentify, define, understand, document and
communicate requirementsfor a system. These concepts are realidghrough a
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model-based requirements engineeringramework that is made up of a number
of different views Each view is used to represent ifferent subsets of the
ontology.

While each view considersonly a small subset of the ontology concepts, the
totality of the views covers the whole ontology.The views are related to each
other within the framework with each view having a number ofchecksdefined
for it that ensure consistencyacross the viewsIn order to maximise the benefits
of a true model-based approach, thesechecksshould be automated ratherthan
being manually applied to the modelThe approach is flexible both in terms of
scale and rigour: depending on the type of project being undertaken, not all
views need tobe realised, dthough, as aminimum, the Requirement Description
View, Context Definition View and Requirement Context Vieydescribed below)
should be produced.

This ability to realise some or all views makes thepproach very flexible in
terms of the scaleof the project. The corsistency between views as described by
the rules for each view is what makes the views produced true requirements
modelrather than a set of unconnected pictureskRealising all the views provides
the highest level of rigour, whereas realising only somefdhe views provides
less rigour.

This framework approach is also flexible in terms of realisation and proces$he
views required may be realised(represented) in any number of different ways
and usingany suitable tool.For example a view might be reaéed using a SysML
diagram or a textual table, different representations of the same information.
Realisatiors of views are given in Sectior8. The framework is independent of
any requirements engineering process. For the COMPASS project, the suggested
requirements engineering process is described in Sectidnbelow.

The core framework, as defined in[Holt et al 2011] and intended for use in
engineering the requirements of a single systeprcomprisessix coreviews and a
supporting view. These views areshown in the diagram below. The extended
framework to support SoS engineering is described in Sectigh

«block» 1.% 1.% «block»

Requirement View - Traceability View
~=f shows traceability between

«block» «block» «block»
Context Definition View Requirement Description View Validation View

«block» «block» «block»
Requirement Context View Definition Rule Set View Source Element View

Figure 7 The ACRE framework views
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The six main viewsshown in Figure 7 are:

1 Source Element Viewhat contains all the source information that is
required in order to get the requirements right.

1 Definition Rule Set Viewhat contains the rules that may have to be
applied to each requirement definition. For example, these may be
complexity rules in the form of equations @ more general textbased
rules.

1 Requirement Description Viewthat contains structured descriptions of
each requirement. These requirements are considered individually and
will have a number of attributesassociated with each one.

1 Context finition View that identifies the points of view (contexts) that
are explored in the Requirement Context View. These contexts may take
many forms including stakeholders and levels of hierarchy in a system.

1 Requirement Context Viewhat takes the requirements and gives them
meaning by looking at them from a specific point of view putting the
requirements into context.

1 Validation View that provides the basis for demonstrating that the
requirements can be met or complied with in some way. These views can
be informal (such as scenarios at various levels of abstraction) or may be
formal (such as mathematicabased representation).

Alongside these six core views there is anessential supporting view, the
Traceability View that allows traceability between different elements of the
model to be explicitly shown. These traceability links may exist between views
or between elements within views.

Each of these views is discussed in the stdgectionsthat follow. Examples of how
these views may be realised are givemiSection3.

2.2.1. The Source Element View

There is a tendency in system engineering for the requirements to be developed
using very good techniques but then for these requirements to bear no relation
to the rest of the system model. The best requirements in the world are worth
nothing if they cannot be related to the rest of the system model. Unfortunately,
this is nowhere near as uncommon as it should b&he Source Element View
contains all relevant source mformation that is required to get the requirements
right. This view is used primarily as a mechanism to establish traceability in the
system and provide links between the requirements and any other aspect of the
system.

Any relevant source element can becaptured on the Source Element View.
Examples include, but are not limited to, @nversations, emails, informal

documents formal requirements documents systems specifications, system

designs, processes existing systems brainstorming sessions dructured

workshops, gandards, laws and besfpractice models
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The Source Element View focuses on the subset of the ontology that is shown on

the diagram below.
«block»
Formal Scenario
«block» * constrains e ~dvalidates 1 x
Rule
«block»
Semi-formal Scenario

describes the context of
«block»
Source Element

«block»
Scenario

«block»
Use Case

S «block»
Context

‘ «block» ‘ ‘ «block» ‘ A

Goal Capability

«block» «block»
Requirement System Context

1.x

is elicited from

«block»
Stakeholder Context

«block» 1
System ~=frepresents the need for

Figure 8 Subset of the ontology for the Source Element View

The SourceE|l e me n't View focuses on the ‘Source
ontology. The structure of thisview is shown in Figure 9.

The *‘ Source EIl ement Vi ew’ «block» up of o]
“Sour ce Théemsimde structure of the view | Source Element View
reflects the varied nature of the structure and format of
the source elements and that this view is really jusa

collection of elements that ca be linked back to. Even !

though the structure of a source element may be highly

complex, such as the case when the source element is a 1>

system specification theview is used primarily as a basis «block»

for traceability and therefore the information in the view Source Element
may be thought of as a listike collection of elements. Figure 9 Structure of the

Source Element View
The Source Element View is related tthe Requirement
Description View as shown in Figure 10. Each Need in a Requirement
Description View s elicited from one or more Source ElemenfThus each Need
must be related to at least one Source Element and vice versa.
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«block» «block»
Requirement Description View Source Element View
1 1
1.* 1.*
«block» «block»
Need Source Element
1.* 1.*

is elicited from B
Figure 10 Relationships between Source Element View and the rest of the framework

This relationship is embodied in thefollowing consistency checks
1 Each Source Element in the Source Element View must be traceable to
one or moreNeedin the Requirement DescriptionView.
1 EachNeedin the Requirement Description View must be traceable to one
or more Source Element in the Source Element View

2.2.2. The Definition Rule Set View

The Definition Rule Set Viewcontains the rules that have to be applied to each
requirement. For example, these may be complexity rules in the form of
equationst h at measure the readability of
more general textbased rules that proscribe the use of certain words or phrases.

The Definition Rule Set View focuses on thsubset of the ontology shown on
Figure 11.

«block»
Formal Scenario
«block»
Semi-formal Scenario

constrains - ~avalidates 1 *

«block»
Rule
<block» o
Source Element

s elicited from

«block»
Scenario

describes the context of

e «block»
Context

‘ «block» ‘ ‘ «block» ‘ A

Goal Capability

«block» «block»
Requirement System Context

1.*

«block»
Stakeholder Context

«block» 1
System ~=represents the need for

Figure 11 Subset of the ontology for the Definition Rule Set View
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This view is concermnedwi t h t he *‘ Rul e’ , one oOr more of
mo r Need
«block» As shown inFigure12,t he *‘ Def i nition Rul e

Definition Rule SetView. made wup of oneEaah maRael ‘€ RRuulee’
De f i nthat defines’the rule itself in some formand
a ‘' Par a nmat defines ;e alements that will be

1 used by the rule(the parameters of each rulg.
1 * Rule definitions may take a number of different forms
such asequations, heuristics, enumerated lists, tables,
«block» .
Rule graphs etc. The parameter set will often refer to the
attributes defined for each requirement (discussed in

Figure 12 Structure of the  Section 2.2.3 below), such asUID, description, origin
'Definition Rule Set View' etc. Examples of rules are given in Sectio®.2 below.

It is also possible to define rules that apply across all attributes, such as one that
states that all attribute values must be completed before approval for the
requirement can be obtained.

The Definition Rule Set Views related to other views in the frameworkas shown
in Figure 13.

«block» «block» «block»
Requirement Description View Definition Rule Set View Source Element View

1 1 1
1.* 1.* 1.*
«block» «block» «block»

Need Rule Source Element
1.* 1.* * 1.%
- constrains

is elicited from B
Figure 13 Relationships between the 'Definition Rule Set View' and the rest of the framework

Zeroo r more ‘ Rul e’ from the ‘Definition Rul e
‘Need from the ' Requir elmadetto eDsure congisigricy on Vi e\
in the model,theserelationships result in the following consistencychecks

1 EachRule must apply to at least ondNeedattribute or the Needitself.
1 EachNeedis constrained by zero or moreRules.

2.2.3. The Requirement Description View

The Requirement Description View is primarily used for managing the
requirements of a system. Itsmain purpose is to describe each individual
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requirement according to a predefined set of attributes. These attributes will
vary depending on the process that is being followed, the industry thahe work

is being carried out in, any standards or bespractice models that may be being
used and any other number of factorslt is also a key view in establishing
traceability, particularly when realised using SysML, as SysML provides a wide
(but not necessarily sufficient) range of traceability relationships as part of its
requirement diagram. This is discussed further in Section®.2.7and 3.7.

A key property of the Requirement Description View is that iprovides anon-
contextual description of the requirements. It is the contexs that a requirement
appears in that giveit meaning (and, indeed, often multiple and sometimes
conflicting meanings) and this meaningmay change depending on the context.
The framework approach described kre is based around these concepts of
context, concepts which are discussed in greater detail in Sectio@.4and 2.2.5
below.

The Requirement Description View focuses on the subset of the ontology that is
shown onFigure 15.

«block» * constrains e
Rule

«block»
Formal Scenario

~validates 1.%

«block»
Scenario

«block»

describes the context of . .
Semi-formal Scenario

«block»
Use Case

S «block»
Context

«block»
Source Element

*

s elicited from

«block»
Goal

«block» A
Capability

«block»
System Context

«block»
Requirement

«block»
Stakeholder Context

1.

«block» 1
System

Figure 15 Subset of the ontology for the Requirement Description
View

The Requirement Description View focuses onthe
‘Need from the ontology, a
one of the simplest ofall the views in the framework
(with the caveatt h a't “si nopil nep | yd pase
reflected in its simple structure, shown inFigure 15: the
‘“Requirement Descripti oaor
mo r Need

The diagram here shows aminimum set of attributes
that are needed to describe a requirement, namely
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«block»
Requirement Description View

r e.
1
1“*
«block» 1ade
Need
values
uiD
Name
Description

Figure 14 Structure of the
Requirement Description
View
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1 UID. Aunique, unchangingidentifier for the requirement.

1 Name. A simple label that can be used to identify the requirement by
human readers. In some ways this serves the same role as the UID, bt
should be rememberedthat while the name may evolve asa project
progresses, the UID may not.

1 Description. A textual description ofthe requirement. This should be kept
as sinple and unambiguous as possible.

These three attributes are based on those directly supported by the Syshid
are an absolute minimumCther attributes should also be considered, such as:

Origin

Priority
Verification criteria
Validation criteria
Ownership

= =4 =4 -8 -8

«block» 1.% 1.% «block» «block» «block»
Requirement Context View Requirement Description View| Definition Rule Set View Source Element View
~=defines requirements in

1 1

1 1
describes the context of B

1.x 1.x 1..*‘ 1..*‘ 1.* . 1.
«block» «block» 1 «block» «block» «block»
Stakeholder Use Case Need Rule Source Element

1 1.* 1. * 1.*

-~ constrains

is elicited from

«block»
Analysis Relationship

Figure 16 Relationships between the Requirement Description View and the rest of the framework

Figure 16 shows that the Requirement Description View is related to a number
of other views from the framework, namely:

1 Source EIl emenNeedViiesv. e IEimcibtneed ofr mor e
E | e me n tis essenfiahfor sraceability in the system and for enforcing
validation of each requirement.

9 Definition Rule Set ViewOne or more‘Need are constrained by zero or
mo r eule’! For example, complexity rules may beplaced on the

‘Description’ attribute to ensure that

1 Requirement Context ViewOne or sm@ase’ Udescri bes
of one or more‘Need. Each use case takes one or more requirement and
gives them meaning by putting it into cotext.

These relationshipsgive rise to e following consistencychecks
1 Rules, when they exist, must apply to Heed

1 EachNeedmust relate back to a Source Element
1 EachNeedmust be related to at least one Use Case
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1 The Requirement Description Viewsmust relate to a Requirement
Context View
1 EachNeedmust have a full set of attributes defined

2.2.4. The Context Definition View

The Context Definition View identifies the points of view (contexts) that are
explored in the Requirement Context View (see Sectiah2.5 below). It focuses
on the subset of the ontology that is shown on the diagram below.

«block»
Formal Scenario

«block» N constrainsim- ~avalidates 1 »
Rule
describes the context of
«block» *
Source Element

~=gis elicited from

«block»
Scenario
«block»
Semi-formal Scenario

1>

«block»
Use Case

S «block»
Context
«block» «block» A
Goal Capability
«block»
Requirement

«block»

«block»
Stakeholder Context

System Context
N

«block» 1
System

~=lrepresents the need for
Figure 17 Subset of the ontology for th e Context Definition View

These points of view, or contexts, may take many formgigure 17 shows two

types of “Context ', the ‘' System Context

many others are possible as discussed in Secti@nl.4.

Each of the tyms of context that are applicable to the project will have their own
type of Context Definition View. For example, with the two types of context
defined in Figure 17 there wouldbet wo t ypes of ‘° Co nwhiehx t
are:

1T The * Stakeholder Context Definiti

‘*Stakehol der ' . Thi s Vi ew i denti fi

classification hierarchy that are used a a basis fo defining contexts.
T The *System Context Definition Vi

‘Systemi . This view i dent s Gsuallysn astructumsamb e r

hierarchy that are used as a basis for defining contexts.

This is illustrated in Figure 18, which also shows how theContext Definition
View is related to other views in the framework
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«block» 1 1.* «block»
Context Definition View Requirement Context View
defines context for-
«block» «block»
Stakeholder Context System Context Definition
Definition View View
1 1
1.* 1.*
«block» «block»
Stakeholder System

Figure 18 Relationships between the Context Definition View and the rest of the framework

The main relationship shown here is between this view and one or more
‘Requirement Context View’ as the main pu
contexts that form the basis for each Requirement Context View As a
consequence of this, there will be several Requirement Context Views for each

Context Definition View.For example, say a Stakeholder Context Definition View

identifies five stakeholders, then there will be five Requirement Context Views

created bag®d on the Stakeholder Context Definition View, one for each
stakeholder.

There will also be other relationships that are not shown on this diagranand

which depend on the actual types of Context Definition View defined. For

example, there are relationshigf r om t he ‘' Stakehol der Cont ex
b e ¢ a uStakehader’ s used and referencedn several other views

1 Stakeholders will appear as SysML actors on the Requirement Context

View.
i Stakeholders will be reference from the Requirement Description View
where attributes of “Origin’ and ‘f Owner

these two attributes are actually a set of one or more stakeholders, which
must be taken fromthe Stakeholder Context Definition View

These rehtionships give rise to the following consistencychecks
1 Each element in each Context Definition View defisean individual
Requirements Context View

1 Each Stakeholder on a Stakeholder Context Definition View appsas a
Stakeholder on a Requirement Coeit View
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2.2.5. The Requirement Context View

The Requirement Context View takes the needs (requirements, goals and
capabilities) that have been defined on the Requirement Description View and
gives them meanindy looking at them from a sgcific point of view (context).
This is essential to understanding the needs as they may be interpreted in
different ways depending on the viewpoint of the reader of the need as discussed
in Section2.1.5aboveWhen a need is put into context
and by considering these uses case and the relationships between them and
other use cases as well as stakeholders, it is possible to generate a complete
point of view, or context. The contexs that are used as the basis of the
Requirement Context Views produced are those identified on the Context
Definition Views discussed in Sectio.2.4above.

The Requirement Context View focuses on the subset of the ontology that is
shown onFigure 19.

«block» N constrainsh- ~validates 1 »
Rule
describes the context of
«block» o
Source Element

s elicited from

«block»
Formal Scenario

«block»
Scenario

«block»
Semi-formal Scenario

«block»
Use Case

S D «block»
Context
«block» «block» A
Goal Capability
«block»
Requirement

«block»

«block»
Stakeholder Context

System Context

1.

«block» 1
System ~=frepresents the need for

Figure 19 Subset of the ontology for the Requirement Context View

As shown inFigure 19 the Requirement Context View is primarily concerned

with one or (pantsef view) ahattswow how oneo r more ‘Use
Case’ bdes threi c ont eDhdtis,dRequiement Centext Views are

about showing needs in context asse cases.

The structure of the Requirement Context View is shown below.
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«block»
Requirement Context View

1.* 1.*
«block» «block» 1
Stakeholder Use Case

«block»
Analysis Relationship

Figure 20 Structure o f the Requirement Context View

Figure 20 shows thatt he ‘' Requi rement Context View’ i S
‘*Stakehol der’ and one or more ‘Usen Case’
“Anal ysi s Rel at i on =hagpm throdgh thesuseioka SgsMlo wn i n
association block, a notational construct that allows a block to be associated with

an association relationship. Although the multiplicity at each end of the

association inFigure 20 is one, in this case, because of the use of an association

block, it doesnotme an t hat a ‘Use Case’ has an ‘ Anal
one ot her ‘Use Case’. Rat herelatedttooneerans t hat
more ot her ‘“Use Caacke s ucahndr etlhaatti onshi p i s a

Rel ationship’

It is these relationships that provide the true meaning of the set of use cases, or
context These ‘ Anal y s iakow fRrevhariaus itypes of telatiprships
between use cases to be modelled, such as showing use cases which are
specialisations of another use case, use cases which always make use of the
behaviour specified in other use cases, use cases which extend the behaviour of
another use cas and use cases which constrain the behaviour of another use
case.

The Requirement Context View is related to other views in the frameworks
shown in Figure 21.

«block» 1 1.% «block» 1.% 1.% «block»
Context Definition View Requirement Context View Requirement Description View
defines context forlm— = defines requirements in
1 .
describes the context of
1.* 1.* 1..*‘ 1“*‘ 1.*
«block» «block» «block» «block» 1 «block»
Stakeholder Context System Context Definition| Stakeholder Use Case Need
Definition View View
1 1
1 1
1x L validates A |
«block» «block» «block»
Stakeholder System L Analysis Relationship

«block»
Validation View

Figure 21 Relationships between the Requirement Context View and the rest of the framework
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It can be seen from the diagram that one
Vi edefinest he requirements in eaclhhhisr&lecgui r e men
the very strong r el Hé eahth enbdr morebassbocraeee n e ac h
‘“Use Case’

One or more ‘Validation View’ validates ea
relationship as every requirement in the system must be demonstratedot be

achievable and that it has been satisfied, which is the purpose of the validation

views. Notice, however, that it is the use cases that are the subject of the

validation, rather than the needs This is because a singleneed may be

interpreted in a number of different ways depending on the context of theeed.

A "Context Definition View’ defines the ¢
Cont ext Vwik resultimtheredding a number ofRequirement Context

Views produced — potentially one per cantext (such as stakeholder or system)

defined in the Context Definition Views.

It should be clear fromFigure 21 that the Requirement Context Views form the
heart of the whole framework and approach described in this document. They
form the core of the approach, related directlyto almost all other views in the
framework. Given that the approach described here is one that advocates
contextbasedrequirements engineering this is to be expected.

These relationshipsgive rise to te following consistencychecks

1 Each Requirement Context View must have a related element on a Context
Definition View that defines the context.

1 Each Use Case must lelated to at least oneNeed.

9 EachNeedmust have at least one Use Case

1 Each Stakeholder on the Requirement Context View must have an
associated Stakeholder on a Staekolder Context Definition View or
associated System on a System Context Definition View.

1 Each Context Definition View must be related to at least @Requirement
Context View

1 Each Use Case must be related to either another Use Case or a
Stakeholder.

1 Each Use Case must have at least one Validation View associated with it

2.2.6. The Validation View

The Validation View (and its subviews) provides the basis for demonstrating
that the needs (goals, capabilities and requirements) can be validated. The views
focus on the subset of the ontology that is shown drigure 22.
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«block»
Formal Scenario
«block»
Semi-formal Scenario

«block» B constrains - ~dvaliidates «block»
Rule Scenario

describes the context of
«block» *
Source Element

~gis elicited from

«block»
Use Case

S block»
Context

‘ «block» ‘ ‘ «block» ‘ A

Goal Capability

«block» «block»
Requirement System Context

1x

«block»
Stakeholder Context

«block» 1
System = represents the need for

Figure 22 Subset of the ontology for the Validation View

The Validation View focuses on the scenarios that are used to validate the use

cases and, hence, the original needa context There are two main types of
scenario:

T Semif or mal scenari os. These sceh&rios

situations by considerng the relationships between entities in the

system, for example by looking at how the various stakeholders interact
with the system in order to satisfy a particular use case. These scenarios
would typically be visualised using SysML sequence diagraros textually

as a sequence of steps.

T For mal scenarios. These scenari os
considering how the values of various properties vary and, hence, impact
the system. These scenarios would typically be visualised using SysML
parametric constraints. If using formal notations thenlanguagessuch as
VDM or CSP may be used.

These scenarios result in a number of differenpossible views. Some example
views and their structure are shownin the following diagram.
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«block»
Validation View

«block» «block» «block»
Stakeholder Scenario View System ScenarioView Constraint Validation View
J? 1 :I?
1.* 1.* 1.* 1.* 1.*
«block» «block» «block» «block» «block»
Stakeholder System System Constraint Definition View Constraint Usage View
1.* 1 1 1.*
1 1
interacts with interacts with =
1.* 1.*
«block» «block»
Constraint Constraint Usage

1 ‘ ~-finstantiates 1. ‘

Figure 23 Structure of the various validation views

Figure 23 showst hree types of,tHeV&tiakkathiodbde Vi S&w'en

View’ , t he ' Sysdnéthe' £oearsd miao nWieewhichiisd at i on
further broken down into the *Constraint

Usage Vi ew’

The *Stakeholder Scenari o Vineowiewbfthe ks at
various stakeholders involved in the system, concentrating on their interactions

with the system. The ' System Scenari o Vi
systems (subsystems,components, system elements etc.), concentrating oneh
interactions between them. Whereas the Stakeholder and System Scenario Views

look at scenarios from the point of view ofnteractions, t he ‘* Constr aint
Vi ew’ ( a-niedvs) lodvks at scendrios thatllow different properties of the

system © be measured and reasoned abouiEach of theseviews is discussedn

more detail in Section3.6 below.

The Validation View is related to other views in the fimework via use cases, as
shown in the following figure.
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«block»
Use Case

1

validates A
1"*
«block»
Validation View
«block» «block» «block»
Stakeholder Scenario View System ScenarioView Constraint Validation View

Figure 24 Relationship between Validation View and the rest of the framework

One or more Vi ¥wl i ddatliiadmat es each Use Case
understand here that the validation of the original needsis achieved through

validating each use caseAttempting to validate needs directly isnot possible

because a single need may be interpreted in a number of different ways

depending on thecontextof the need and hace validation is performed against

the use cases which represent the needs in context.

The following consistencychecksapply:

1 Each Use Case must have one or more Validation View associated with it.
1 Each Constraint Validation View must use properties #t exist on the
System Context Definition View.

2.2.7. The Traceability View

The views discussed so far are fundamental to understanding requirements in
context. However, by themselves they are not enough as they do not capture an
essential part of requirementsengineering, namelytraceability.

Traceability is the establishment of *“the
bet ween i n[ftevensataltl998) for’both quality and validation reasons

and to provide a level of rigour and, hence, confidenc® any requirements set.

Once in place, traceability relationships can help the following types of questions

to be answered:

1 Do all ofthe needs (goals, capabilities and requirements) have a source?

1 Have allthe needs been considered in context (i.e. as uses cases in the
relevant contexts)?
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Has thought been given to how uses cases will be validated?
How are needs related to each other?

Have all the needs been met?

What is the potential impact of a change to a nd@

E e

All of these questions are of great importance in systems engineering, but
perhaps the question of impact is the most importantNeeds are subject to
change and any such change toreeed can have potentially, ahugeimpact on the
systemunder development. It is therefore vital that the impact of such changes
can be addressed. If traceability is in place that allows the first five of the above
guestions to be addressed then it should be possible to investigate such impact
issues as posed in the final ggstion. Examples of how a requirements model in a
suitable tool can help address this question is given in Secti@y7.

In order to be able to investigate the pogble answers to these types of questions

it is necessary for the traceability to have been established. This can be a very
time-consuming process and care must be taken that errors in traceability are

not made. Also, traceability can slow the ability to mee changes and for this

reason [Stevenset al 1998] consider traceabilityto “be a compr omi se r ¢
the costs and benefits of l i nkages"”. They
everything need be traced; only do it where the traceability information is

useful .7

Having traceability as an inherent part of the requirements model helps to
ensure that the traceability can be established correctly and, more importantly,
accessed easily and automatically. In the modélased approach to requirements
engineering that the framework described in this document is designed to
address any requirement view or element appearing on a view can, in theory, be
traced one to another.This is shown in the following diagram.

«block»
Traceability View

1 *

1.* -
«block»

«block» Traceable Element
Traceability Relationshipr--------
1
--is traceable to
«block» «block»
View View Element

Figure 25 The Traceability View
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Figure 25 s hows t hat each ‘“Traceability View’
‘“Traceabl e El ement s’ whi ch can lEach any “ Vi
‘ raceald e El ement’ i s traceable to one or m
Rel ati dhehkphds of * Tr aareshdwnbeiow.y Rel ati ons

«block»
Traceability Relationship

{incomplete}

«block» «block» «block»
Trace Validation Satisfaction

«block» «block»
Refinement Derivation

Figure 26 Types of Traceability Relationship

These traceability relationships woutl typically be used as indicated irTfable 1
below. Each of the relationships shown directly helps in addressing one of the
guestions posed above, with impact being addssed by the totality of these
relationships.

View or View Element Type of Traceability Relationship
From To
Need Source Element | Trace
Use Case Need Refinement
Validation View Use Case Validation
Need Need Der_ivation
Refinement
System Need Satisfaction

Table 1 Typical Usage of Traceability Relationships

It is important that traceability can be carried out both between and within
different views of a requirements model, since the impact of change needs to be
able to e assessed both between and within levels of the model. For example,
not only is it important to be able to trace between a use case and a requirement,
say, but also between use cases or between requirements etc.

When developingan SoSit may not be possble to trace into the constituent
systems that make up the SoS. Such systems may be closed to the SoS developer,
with only the details of their interfaces and functionality exposed but their
internals hidden. In such cases it may only be possible to trettte constituent
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system as a ‘black box’ component in
the constituent system and no further.

It is worth noting here that the Traceability View sits alongside the main
requirements engineering views, as shown eawir in Figure 7, rather than being
considered as one of the requirement views. This separation is deliberate and
reflects the ability to use the Traceability View in dter stages of a systems
engineering project life cycle and not just during requirements.

Examples of traceability views are given in Sectio8.7 below.
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3. Framework Realisation

This section shows how each of the six requirement framework views and the
associated Traceability View can be realised. For each view one or more
realisations are pesented, with, where necessary, discussion of issues
surrounding the realisations. The example system is a socieechnical system
from the world of escapology inwlving people, processes, lardware & software.

The views can be realised in a number dafifferent ways: informally (e.g. text and
tables), semiformally (e.g. SysML) or formally (e.g. VDM, CSEBML). In practice,
often a mixture of realisation methods is used.

In addition, although the complete framework is needed to perform a complete
requirements modelling exercise, pragmatically the number of views produced
may vary depending on the scale and level of rigour of the project. This is
discussed at length in[Holt et al 2011]. However, given the typical level of
complexity in a SoS it would beexpected that all the views would be produced,
together with the additional views discussed in Sectiod.2.

3.1.Realising the Source Element View

The Source Element Mw may be realised in a number of ways. The two main
mechanisms considered herare a list or, when using SysML, ass&t of blocks in
the model.

bdd [Package] Requirement Sources| The diagramin Figure 27 shows an example of
Source Element Viewrealised using blocks in a
«block» SysML block definition diagram.

Initial Ideas Meeting 10.01.2008

The diagram shows a collection of blocks used in a
il e, Diffes B ioe 15 0a0010 | VETYy simple fashionwith each block ud only as a
reference point to specific external source
—— element. The example here shows a number of
Meeting Minutes 01.04.2010 different types of source element, including
references to emails meeting minutes and
schematic diagrams.

«block»
Coffin Escape Schematic

While this use ofa SysML diagrammay appear to
. o be excessiveand that the source elements could
gure 27 Example visualisation of . . i .
Source Element View using Sysmi. SIMply be listed, there is a reason way this has
block definit ion diagram been done one of the benefits of a modebased
approach is that traceability is inherent in the
model. Thistraceability can only exist for elements that areeither part of the
model or that are explicitly linked to the model This diagram seves this single,
but important, purpose: providing an explicit link between external source
elements and the model itself.
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3.2.Realising the Definition Rule Set View

There are several ways that the rules defined in this view may be specified,
including: mathematical specifications, SysML parametric constraints, textual
descriptions and so on.

The table below gives an example of a textual approach to rule definition:

Rule Rule Definition Parameter Set Justification
Identifier (Need
Attributes)
RO1 The words QUICKor QUICKLY Description This is considered to be
must NOT be used. ambiguous as
provide any timeframe or
idea of what

quick/quickly may be.

R0O2 The wordsREASONABLBr Description The subjective nature of
REASONABLYnNust NOT be used. what is reasonable makes
this a dangerous word to
use.
RO3 The word MINIMUM must NOT Description Minimum is subjective
be used. and needs quantitative
clarification.
RO4 The word MAXIMUM must NOT Description Maximum is subjective
be used. and needs quantitative
clarification.
RO5 Each requirement must have a uiD As requirement names
unigue identifier. and descriptions may

change through the
lifetime of a project itis
essential that each
requirement can also be
referenced. A unique
identifier ensures this.

RO6 The complexity of a requirement | Description Reading complexity
must bebetween 9 and 10 should be set at a level
(inclusive) as measured by the that makes the text

FleschKinkaid Grade Level score. comprehensible to as

wide a range of readers as
possible. A typical level
required by the US DoD is
9 (seeMIL-STD38784).

Table 2 Example textual approach to rule definition
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COCMPASS

Rules may also be defined more mathematically. For example, in SysML
parametric constraint definitions and diagrams can be used as shown Figure

28 and Figure 29.

«constraint»
Average Sentence Length

«constraint»
Average Number of Syllables per Word

«constraint»
Requirement Complexity Rule

constraints

constraints

{ASL =W / SN} {ASW = SL / W}
parameters parameters

ASL : Real ASW : Real

SN : Real SL : Real

W : Real W : Real

constraints
{IF
(FRE > 60 AND FRE < 71)
AND
(FKG > 7.0 AND FKG <8.1)
THEN
RC_OK = TRUE
ELSE
RC_OK = FALSE}

parameters
FKG : Real
FRE : Real
RC_OK : Boolean

«constraint»
Flesch Reading Ease

constraints
{FRE =206.835 - (1.015 x ASL) - (84.6 x ASW)}

parameters

«constraint»
Flesch-Kinkaid Grade Level

constraints
{FKG = (0.39 X ASL) + (11.8 x ASW) - 15.59}

ASL : Real
ASW : Real
FRE : Real

Figure 28 Complete set of rules for measuring the complexity of text

parameters
ASL : Real
ASW : Real
FKG : Real

using Flesch-Kinkaid

Figure 28 shows the complete set of rules for calculating the complexity of text
descriptions based on theFleschKinkaid grade level testand the Fleschreading
ease test{Wiki Flesch 2012]. The diagam defines a number of mathematical
equations. How they are put together and applied is done through a parametric
diagram such as the one ifrigure 29.

par Requirement Complexity|
e ™\ Y\
ASL : Real ASL : Real
Sentence length : Averag Reading Ease : Flesch
Sentence Length Reading Ease
W: Real - ASW : Real
,/' AN
-
W : Real ) [ asL:Real
Syllables : Average Number Grading : Flesch-Kinkaid
of Syllables per Word Grade Level
ASW : Real 3
Number of syllables : SL: Real 1 n B R
Real ) N )
< / - /

J

FRE : Real
Complexity : R

equirement . _
Complexity Rule RC_OK : Boolean Requlrerréemlcomp\exnty
: Boolean

FKG : Real

Figure 29 Example of use of complexity rules

The diagram shows how the rules that have been defined can leked together
and related to input parameters. In many SysML CASE tools such a parametric
diagram could then be executed either directly in the tool or through interfaces
to simulation packages such as Simulink. This allows the rules to be run against
the requirements from within the requirements model, removing the need to

46



D21.1—Report on Guidelines for SoS Requirements C C M P A S S
(Public)

export requirements into external tools such as word processorsand thus
maintaining the modelbased approach to requirements engineering.

3.3.Realising the Requirement Description View

The Requirement Description Viewmay be realised in a number of ways,
including:

1 As part of the model using SysML
1 Using a textbased description or table
1 Using a requirements management tool

An individual Needis shown in the diagram below usinga SysML«requirement»
block.

«requirement»
Perform Stunt

id#
ES001

txt
The System shall enable the Escapologist to perform the 'concrete coffin' Coffin Escape stunt.

Figure 30 A single Need showing defined properties

Figure 30 shows a SysML representation of a singl&leed Notice that the
property values have been defined here

t o

‘DescriNamen’is represdrteedblboy kt, he hrea ma datf

corresponds to the *UlI D’ and the ‘“txt’

This is quite a simple representation and the equivalent equally simple,
visualisation using a text table is shown below.

Need
UiD ES001
Name Perform Stunt
Description The System shall enable the Escapologist to perfor
the 'concrete coffin' Coffin Escape stunt.

Table 3 Representing a Need using a text table

Using Sys ML’ s support for nesting and
relationship information such as nesting of requiremerg and derived
requirements can be added tosuch diagrams, as shown inFigure 31 and Figure

32.
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«requirement»
Perform Stunt

ES001

The System shall enable the Escapologist to perform the ‘concrete coffin' Coffin Escape stunt.

P

P

«requirement»
Allow Different Fluids

«requirement»
Computer-controlled Pump

id#
ES002

id#
ES003

txt
The System shall allow the Coffin Escape stunt
to be performed using different Fluid, not just
Concrete. Examples include Custard, Water

txt
The System shall ensure that the Pump used to
pump the chosen Fluid into the Hole is to be
under computer control.

etc.

Figure 31 Multiple Needs showing nesting

«requirement»
Satisfaction Survey

id# «deriveReqt»

ES004-D001

txt |
The System shall ensure that an Audience
satisfaction survey is carried out after !
every performance. |

«requirement»
Maximise Excitement

«requirement»
Minimum Satisfaction Level 85%

id# «deriveReqt» id#
,,,,,,,,,,,,,,,,,,,,,,,,,, ES004

txt txt
The System shall deliver an Audience The System shall ensure that
satisfaction level of 85% within four _the excitement of the Audience
performances. is maximised.

ES004-D002

«requirement»
Continuing Satisfaction

id# )
«deriveReqt»

ES004-D003

txt
The System shall ensure that a minimum
Audience satisfaction level of 85% is
maintained after the first four
performances.

Figure 32 Multiple Needs showing relationships between derived requirements

When representing these requirements in a table, additional information can be
added to capture details of the various relationships, as shown in the table below
not all requirements included).
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Need
UiD ES001
Name Perform Stunt
Description The System shall enable the escapologist to perfor
the 'concrete coffin' escape stunt.
Parent Requirement None
Nested Requirements ES002, ES003
Derived From None
Requirement
Derived Requirements | None
Need
UiD ES002
Name Allow Different Fluids
Description The System shall allow the Coffin Escape stunt to |

performed using different Fluid, not just Concrete
Examples include Custard, Water etc.

Parent Requirement ES001
Nested Requirements None
Derived From None
Requirement
Derived Requirements | None
Need
uUiD ES004
Name Maximise Excitement
Description The System shall ensure that the excitement of th
Audience is maximised.
Parent Requirement None
NestedRequirements ES004D001, ES004D002, ES004D003
Derived From None
Requirement
Derived Requirements None
Need
uUiD ES004D002
Name Minimum Satisfaction Level 85%
Description The System shall deliver an Audience satisfactio
level of 85% within four performances.
Parent Requirement None
Nested Requirements None
Derived From ES004
Requirement
Derived Requirements None

Table 4 Tabular representation of multiple

Needs, showing relationships

Most SysML tools will allowsuch tables to be automatically generated from
diagrams such as those irrigure 31 and Figure 32, although not necessarily in

the same format as the example tables given above. One such automatically
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generated table is given below(generated from the Artisan Studio SysML
modelling tool).

Derived

Derived From

Parent

ES001

Perform Stunt

The System shall enablg
the Escapologist to
perform the ‘concrete
coffin' Coffin Escape
stunt.

Requirement

ES002

Allow Different
Fluids

The System shall allow
the Coffin Escape stunt
to be performed using
different Fluid, not just
Concrete. Examples
include Custard, Water
etc.

«requirement»
Perform Stunt

ES003

Computer
controlled Pump

The System shall ensurg
that the Pump used to
pump the chosen Fluid
into the Hole is to be
undercomputer
control.

«requirement»
Perform Stunt

ES004

Maximise
Excitement

The System shall ensurg
that the excitement of
the Audience is
maximised.

«requirement»

Minimum Satisfaction

Level 85%
«requirement»
Continuing
Satisfaction
«requirement»
Satisfaction Survey

ES004
D001

Satisfaction
Survey

The System shall ensurg
that an Audience
satisfaction survey is
carried out after every
performance.

«requirement»
Maximise
Excitement

ES004
D002

Minimum
Satisfaction Level
85%

The System shalkliver
an Audience satisfactior
level of 85% within four
performances.

«requirement»
Maximise
Excitement

ES004
D003

Continuing
Satisfaction

The System shall ensurg
that a minimum
Audience satisfaction
level of 85% is
maintained after the
first four performances.

«requirement»
Maximise
Excitement

ES005

Minimise Risk

The System shall ensurg
that the risk to the
Escapologistis
minimised.

ES006

Sufficient Air

The System shall ensurg
that the stunt can be
performed before the
Escapologistuns out of
air.

«requirement»
Minimise Risk

ES007

Crushproof

The System shall ensurg
that the Coffin (and the
Escapologist) is not
crushed by the weight

of the Fluid on top of it.

«requirement»
Minimise Risk

Table 5 Example of a tool-generated tabular Requirement Description View

The ability to capture information in a model and generate textual artefacts such
as tables (and indeed whole documents) is at the headf the modetbased
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approach to requirements (and sysems) engineering; he model is themaster
source of information and tables and documents treated asansient artefacts
that are generated as needed.

3.4.Realising the Context Definition View

The Context Definition Views can be realised in a number of wayscluding:

1 Using a textbased description or table
1 Usinginformal diagrams
1 As part ofa requirementsmodel using SysMlblock definition diagrams

The following two diagrams (Figure 33, Figure 34) present examples of SysML
visualisations of both the Stakeholder Context Definition View rad the System
Context Definition View.

«block»
Stakeholder

«block» «block» «block»
Customer External Supplier

«block» «block» «block» «block»
Audience Safety Standard Assistant Coffin Maker

«block» «block»
Safety Officer Escapologist

Figure 33 Example of a SysML representation of a Stakeholder Context Definition View

Figure 33 shows how the Stakeholder Context Definition View may be realised
using a SysML block definition diagram. The stakeholders on this vieare
usually shown asa taxonomy, or classification hiearchy, using the SysML
generalisation relationship. This allows a number of categories of stakeholders
to be defined.If required, relationships betweenstakeholders can also be shown
on such a diagram using SysML associations and dependencieach one ofthe
stakeholders on Figure 33 will potentially have its own context and, hence,
require the creation of a Context Definition View.
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«block»
Coffin Escape

1|coffin 1| pump 1‘
«block» «block» «block» fluid
Coffin Pump Escapologist
1hole 1| controller 1

«block» «block» «block»
Hole Pump Controller —‘> Fluid
{incomplete}

{One of these subtypes of Fluid must be «block» 0.1
apart of the Coffin Escape} [ T[T " Water
P «block» 0.1
Custard
] «block» 0.1
Concrete

Figure 34 Example of a SysML representation of a System Context Definition View

The diagramin Figure 34 shows how the System Context Definition View may be
realised usinga SysML block definition diagram. The various system elements
are shown as SysML blocks and are expressed in the form of a structural
hierarchy using the SysMLcomposition relationship. Each one of these system
elements will potentially have its own context and, hence, will require the
creation of an associated Context Definition View.

The Context Definition Views are crucial to the whole contextased approach as
they are the views that allow us to identify the variouscandidate contexts that

are relevant for the systemunder development The views can look deceptively
simple but they can be very difficult to get right, particularly the Stakeholder

Context Definition View.

Identifying the relevant stakeholders,the rolesof any person or thing tha has an
interest in or is affected by a system, can be a tirm@nsuming and contentious
activity. While many stakeholders are relatively easy to identify, such as external
systems and the various customer and supplier roles involved, some are less so.
Indeed, many engineers talk about thecustomer requirements or the user
requirements, treating each of these terms as being the same, whereas the reality
is that they are very different. Failure to understand the difference between
stakeholders or, even worse failing to consider all the stakeholders involved is
one way in which lack of understanding manifests itsél when looking at
requirements. While the customer (or probably more correctly thesponsoj and
the user represent two of the biggest stakeholderrgups, they are not the only
stakeholders involved. Sometimes it is the lack of understanding of the
requirements of the smallest stakeholder in a project that can lead to major
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problems. One example is thé ellico Dam projectin the US that sufferecover 12
months delay and required a change in legislation before the dam could be
completed and put into operationall because of a fish no bigger than a paperclip.
Seeg[Holt et al2011] & [Wiki Snail Darter 2012].

3.5.Realising the Requirement Context View

The Requirement Context View may be visualisedn a number of wayssuch as:

1 Using a textbased description or table
1 Usinginformal diagrams
1 As part ofa requirementsmodel using SysMluse case diagrams

Figure 35 shows an example ofa Requirement Context View realised as &ysML
use case diagram.

Coffin Escapology Stunt - Escapologist's Context

Perform coffin —
escapology stunt
7 e S~ «constrain» ]
Assistant
.~ «include» : b
Improve skill
level

Audience

%/

Safety Officer

|
| «constrain» Make money

Minimise risk to
escapologist

/ «include» ' «include»

Ensure
sufficient air

Figure 35 Example of a SysML representation of a Requirement Context View

Ensure coffin not
crushed by fluid

—X

Coffin Maker

In this diagram the use cases from the ontology are shown as SysML use cases.
This is slightly confusing as the term use case is being used twice here, once to
refer to the concept of a use case (aeed in context) and once to refer to the
SysML element (the Bipse on the diagram).

Figure 35 shows a single context, namely that of the Escapologist performing a
stunt. One consistency check that can immediately be appliedo tthe
requirements model is that the Escapologisiustappear as a stakeholder on the
Requirement Context Views of the Safety Officer and Coffin Maker. For example,
the Requirement Context View for the Coffin Maker is given irFigure 36.
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Coffin Escapology Stunt - Coffin Maker's Context

Build stunt

coffin

«constrain»

Escapologist / |

«constrain»

Ensure coffin not
crushed by fluid

Comply with
safety standards Safety

Standard

Safety Officer

Figure 36 Another example of a Requirement Context V iew

The diagram above, along withFigure 35, shows the sameneed (Ensure coffin

not crushed by fluid) represented as a use case on two contexts. Although the

name of the use case is the same in each diagram, representing the same

underlying need, themeaning of the two use cases, as described by the textual

description associated with each use case symbol, could be different. As another

exampl e, consider again the example of t he
Section2.1.5 above

The Requirement Context View focuses on the contexts of theneeds that are
described in the Requirement Description View and, as such, it forms the heart
of the whole approachdescribed in this document

3.6.Realising the Validation View

Visualising t he Stakeholder Scenario View

The *Stakeholder Scenario View’ |l ooks at s
various stakeholders involved in the system, concentrating on their interactions

with the system. This view is typically realisecdby SysML sequence diagrams. See

[Holt & Perry 2008] for information on SysML sequence diagrams.

In order to generate a scenario, the first step is to select a specific use case from a

context. Next, the context itself, or the system, is visualised using a single SysML

life line. The stakeholders tharelate to the selected use case are then identified,

by seeing which actors relate to the use case, either directly or indirectly. An
example of a ‘Stakehol dleEgure¥Fcenari o Vi ew’ [
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X A A

‘Assistant‘ ‘Safety Officer‘ ‘Audience‘ «block»
‘ ‘ :Coffin ‘Escape

|
[ [ get in coffin

close lid T

check m

‘ T begin :
! |

stait g

|
! L] ~ escape

‘ I
encourage applause 1 .
Figure 37 Example of a Stakeholder Scenario View

whip-up dudience T

1 sta:rt escape

The diagram here shows a scenario that has been described for the use case
‘Perform coffin escapology stuntr d m t he ‘' Escapol odigwset° cont e
35.

Visualising the System Scenario View

The ‘' System 8lsodooks atisaenanios, bulvdm the perspective of
the various systems (subsystems, components, system elementsetc.),
concentrating on the interactions between them Visualisation is again typically
through SysML sequence diagram.

These system scenarios must be consistent with the highégvel stakeholder
scenario views, should they exist. One way to think abouhése two types of
scenario and the differences between them is to think of the stakeholder

scenarios as ‘“black box’ scenari os where t
with no details on what goes on inside. The system scenarios, however, may be
though t of as ‘“white box’ scenarios where th

considered by looking at the system elements and the interactions between
them. In both cases, however, the scenarios can form the basis of more detailed
test cases that are createfrom them.

An example of a system scenario view is shown Kigure 38.

55



D21.1-Report on Guidelines for SoS Requirements . (&, M P A S S
(Public)

‘Assistant‘ ‘Safety Officer‘ ‘Audience‘ «block» «block» «block» «block»
T T T :Coffin| |:Escapologist |:Pump Controller| |:Pump

D‘ get in coffin -

close lid WJ

check /u

begin

whip-up ahdience /U

start

start escape
! ! ‘ escape
encourage applause 1 ! !

Figure 38 Example of a System Scenario View

prime
pump

The diagram here showsthe same scenario that was considered for the
‘Stakehol der SigweBabruito tVhiiesw’'t iiftme using the
Vi e Whe .two diagram show the same rniformation but from two different

points of view. Whereas the stakeholder scenario viewfocused on the
interactions between the stakeholders and the system, the system scenario view

focuses on the interactions betweerlements within the system.

Visualisiit ¢ OEA O#1 1 OOOAET O 6Al EAAOEIT B6EAXS
The *Constraint Validation View’ has two v
Definition Visedw’aiamd UshaegvewSalaw more.formblh e s e
scenarios to be consideredhan is possible using sequere diagrams Whereas

the previous semiformal scenarios looked at interactions between various
elements, the formal scenarios allow different properties of the system to be
measured and reasoned about.

A ssingle use case from a context is chosemd aseries of parametricsare created
in order to allow reasoning about system properties to be madeThis reasoning
takes the form of applying equations, logic, heuristics, lockip tables and other
mathematicaktype techniquesto system properties

Theseequations etc.are definedusing SysML parametric constrainton what, in

this framewor k, i s known as a ‘ Ghowstr ai nt
in the following diagram.
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«constraint» «constraint» «constraint» «constraint»
Volume Mass Force Pressure
constraints constraints constraints constraints
{v=w*1*h} {m=d*v} {f=m*a} {p=f/a}
parameters parameters parameters parameters
v:m3 m : kg f:N p:Pa
w:m d: kg/m3 m : kg f:N
I:m v:m3 a:m/s2 a:m2
h:m
«constraint» «constraint» «constraint» «constraint»
Surface Area Fill Time Minus Plus
constraints constraints constraints constraints
{sa=w*1I} {t=v/r} {r=a-b} {r=a+b}
parameters parameters parameters parameters
sa:m2 t:s r: float r: float
w:m v:m3 a : float a : float
I:m r: m3/s b : float b : float

«constraint»
Decision - equipment

«constraint»
Decision - breath

«constraint»
Decision - stunt

constraints
{IF pressure < strength THEN

constraints

{IF breath time >= fill ime THEN

constraints

{IF breath result = yes AND equipment result = yes THEN

strength : Pa

result : Decision Type

result = yes result = yes result = yes
ELSE ELSE ELSE
result = no result = no result = no
ENDIF} ENDIF} ENDIF}

parameters parameters parameters
result : Decision Type breath time : s breath result : Decision Type
pressure : Pa fill time : s equipment result : Decision Type

result : Decision Type

Figure 39 Example of a Constraint Definition View

Figure 39 shows an example of a set of parametric constraints that have been
defined. Note how some of these constraints are basmathematical operators

(“ Pl,ussfsMs)mme
heur i stisiomse U iDpepment ’

ar e

aws of

et c.

)

These parametric constraints form a library of calculations that can be applied to
the system How they are applied tothe system, theirusage is shown in the

t he ‘

Constrai
Constrai

nt
nt

nit

on Vi

ew’

Ushawg kow thé parametric ¢oastraints defined in
Def i

ar e

visualised using theSysML parametric usage diagram, as showwn Figure 40

below.
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Figure 40 Example of a Congraint Usage View
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Figure 40 shows one example ofhow the parametric constraints definedin
Figure 39 may be applied to the systenelements In this example the parametric

net wor k s hown i s i ntended t o val i dat e

escapol ogi gigdre 35 hhe gonstrainnhusage Bows how the decision
on whether or not to perform the stunt is dependent on the values of a number
of system properties related together by the equations and heuristics used in the
view.

The various validation views are an ssential part of the framework and have
many uses. Therimary use is to demonstrate how eaclmeed can be satisfied
and thus they can be used@s a basis for acceptance tests. Acceptance tests are
the only means by which the end customer can assess whether or not the project
has been sacessful and are based solely on the originakeds

These validation views are also used to ensure that the use cases are correct
they are used to help in theunderstanding of the use cases and, hencén
understanding the source requirements better. Ths understanding allows
conflicts and gaps to beidentified and overlaps and identical needs to be
highlighted.

3.7.Realising the Traceability View

The Traceability Viewcan be visualised usinga number of different techniques,
such as:

1 Tables Smple tablesto show relationships between elements

1 In a database, using a requirements management tool Many
requirements management tools allow traceability to be established using
the underlying database and then visualised in different ways.

1 SysML diagrams A numker of traceability relationships may be shown
using the various builtin SysML relationships that are defined as part of
the SysML requirements diagram. Otherelationships may be defined
using the SysML stereotyping extension mechanism.

A number of different traceability views are presented in the following diagrams
and tables, ordered to reflect the kinds of questions that traceability can help to
address, as discussed in Secti¢h2.7 above

Tracing Needs to Source Elements

Figure 41 shows how needs may bdraced to source elements using a SysML
requirements diagram.Notet hat t he ‘i d#’ and “txt’
this diagram for most of the requirements. This has simply been done to show
that such information hiding is possible and to reduce thsize of the diagram.
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«requirement» «trace»

Perform Stunt

«requirement» «requirement»
Allow Different Fluids Computer-controlled Pump «race»  «block» .
""""" Coffin Escape Schematic
«block» id#

Email re. Different «trace» ES002

Fluids 15.03.2010 [~ """"°°

txt
The System shall allow the Coffin Escape stunt «trace» «block»
to be performed using different Fluid, notjust | |  peeoeooo3 Meeting Minutes 01.04.2010
Concrete. Examples include Custard, Water

«requirement»
Maximise Excitement e —

«requirement» «trace» «block»
MinimiseRisk ~— pe-o----Z3 Initial Ideas Meeting 10.01.2008\== - - '
«requirement» «requirement» «trace» !
Sufficient Air Crush-proof ~ peeeeoeoo- ' i«trace»

Figure 41 Tracing Needs to Source Elements - Using a Diagram

The same information as shown diagrammatically irFigure 41 can be shown
using a table as has been done Ffable6.

Id# Name Txt Traces To
The System shall enable the Escapologist tq . .
ES001 | Perform Stunt perform the 'concrete coffin' Coffin Escape «block» Initial Ideas Meeting

10.01.2008
stunt.

The System shall allow the Coffin Escape st
to be performed using different Fluid, not jus| «blocks Email re. Different Fluids
Concrete. Examples include Custard, Water| 15.03.2010

etc.

ES002 | Allow Different Fluids

The System shall ensure that the Pump use
to pump the chosen Fluid into the Hole is to | «block» Coffin Escape Schematic
be under computer control.

Computercontrolled

ES003 PUMp

ES004 | Maximise Excitement TheSystem shall ensure that the excitement| «block» Meeting Minutes

of the Audience is maximised. 01.04.2010
A . The System shall ensure that the risk to the | «block» Initial Ideas Meeting

ES005 | Minimise Risk Escapologist minimised. 10.01.2008
The System shall ensure that the stunt can K «block» Initial Ideas Meeting

ES006 | Sufficient Air gﬁrformed before the Escapologist runs out 10.01.2008

The System shall ensure that the Coffin (anq
ES007 | Crushproof the Escapologist) is not crushedthe weight
of the Fluid on top of it.

«block» Initial Ideas Meeting
10.01.2008

Table 6 Tracing Needs to Source Elements - Using a Table

It is worth noting here that Table 6 was automatically generated from the SysML
model containing Figure 41 (as is the case with all the diagram and table
examples which follow). This is a key advantage of true modbhsed
requirements (and systems) engineering- the ability to automatically generae
textual and tabular information, as needed, from a model that is the master of the
information, breaking away from the more traditional and errorprone
document-centric approach to requirements and systems engineering. Such a

60



D21.1—Report on Guidelines for SoS Requirements C C M P A S S
(Public)

table need no longer be maitained. Rather, the SysML model is maintained and
the table regenerated from the model as needed.

Tracing Use Cases to Needs

Figure 42 shows how therefinementof needs by use cases can be shown using a

SysML requirement diagram. Again, the ‘“1txt
hidden, as have the relationships between the requirements.

«requirement» «requirement»
S @i Perform Stunt Minimise Risk «constraint»
,,,,,,,,,,,,,,,,,,,,,, - - SO AR Minimise risk to
escapology stunt «refine» id# id# «refine» escapologist
ES001 ES005
Allow stunt to be
performed using
different fluids
«wefine» T
«requirement» «requirement»
Perform using ] Allow Different Fluids Sufficient Air Ere
custard ine» T | [ . [~ Tt Hci i
«refine» i id# «refine» sufficient air
ES002 ES006

Perform using ~ «refine»
concrete

«requirement»
Fluid to be pumped Computer-controlled Pump Build stunt
into hole under ~ f------ wefiney 7 id# coffin
computer control ES003 =
-7 «refine»
«requirement» «requirement»
«constraint» Maximise Excitement Crush-proof .
e N = _ e — Ensure coffin not
excitement «refine» id# id# «refine» crushed by fluid
ES004 ES007

Figure 42 Refinement of Needs by Use Cases Using a Diagram

The same information can be shown in a table:

ld# Name Txt Refined By

The System shall enable the

ES001 Perform Stunt Escapologist to perform the ‘concrete «Use Case» Perform coffin escapolq

coffin' Coffin Escape stunt. stunt
The System shall allow the Coffin «Use Case» Perform using concrete
. . Escape stunt to be performed using «Use @se» Perform using custard
ES002 Allow Different Fluids different Fluid, not just Concrete. «Use Case» Allow stunt to be

Examples include Custard, Water etc. | performed using different fluids

The System shall ensure that the Pum
ES003 Computercontrolled Pump used to pump the chosen Fluid into the
Hole is to be under computer control.

«Use Case» Fluid to be pumped into)
hole under computer control

The System shall ensure that the «Use Case» Maximise audience

ES004 Maximise Excitement excitement of the Audience is .
- excitement
maximised.
£S005 Minimise Risk The System shgll ensure thtae risk to | «Use Case_z» Minimise risk to
the Escapologigs minimised. escapologist

The System shall ensure that the stunt
ES006 Sufficient Air can be performed before the «Use Case» Ensure sufficient air
Escapologist runs out of air.
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Refined By

The System shall ensure that the Coffij «Use Case» Build stunt coffin
(and the Escapologist) is not crushed l| «Use Case» Ensure coffin not crushg
the weight of the Fluid on top of it. by fluid

Table 7 Refinement of Need s by UseCases- Using a Table

ES007 Crushproof

Tracing Validation Views to Use Cases

Validation of use cases by validation views can be realised in SysML as shasn
Figure 43.

«testCase» «trace» «constraint»
[Package] Scenarios [Failed Stunt- ~---------------------= Minimise risk to
Emergency] escapologist
«estCase» «trace» *
[Package] Scenarios [Preparation]
T Perform coffin
) es. ase» «trace» escapology stunt
[Package] Scenarios [Successful Stunt -
Audience View - Black-box Level]
«trace»
«testCase» «constraint»
[Package] Scenarios [Computer Control Maximise audience
of Pump - Successful Stunt] excitement
«trace»
«testCase» «trace» Fluid to be pumped
[Package] Scenarios [Computer Control---------------------= into hole under
of Pump - Use of Alt] computer control

Figure 43 Showing Validation of Use Cases by Validation Views - Using a Diagram

Such a traceability view as that shown irFigure 43 would be used toensure
sufficient test coverage Every use case from the Requirement Context Views

should appear on such a diagram and each must have at least one Validation
View traced to it.

In this diagram each Validation View, which is modelled using a SysML sequence
diagram, is shown as a block annotated with the «testCase» stereotype. This
stereotype is used to show that the sequence diagram (and hence the scenario
that it represents) is intended to be used in the definition of aalidation test for
one or more usecases.

Note that a «trace» relationship has been used hereather than a more

informative «validate» relationship. This is because SysML is deficient in this
area and does not provide such a relationship, providing only a «verify»
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relationship (which can only be used with requirement blocks as the
destination).

The same information can be shown in a table, as Trable 8 below.

Source Item Relationship Target Item

Elziir;rgneitnchagram» [block] Coffin Escape [Escapologist tracesTo «Use Case» Minimise risk to escapologis

«Sequence Diagram» [Package] Scenarios [Computer Contri «Use Case» Fluid to be pumped into hole|
tracesTo

Pump- Successful Stunt] under computer control

«Sequence Diagram» [Package] Scenarios [Computer Contri «Use Case» Fluid to be pumped into hole
tracesTo

Pump- Use of Alt] under computer control

«Sequence Diagram» [Package] Scenarios [Failed-Stunt tracesTo «Use Case» Minimise risk to escapologis

Emergency]

«Sequence Diagram» [Package] Scenarios [Preparation] tracesTo «Use CaseMlinimise risk to escapologist

«Sequence Diagram» [Package] Scenarios [Successfut Stun tracesTo «Sse gase» I\P/|a>;|m|se afl;d|ence exlcneme

Audience View Blackbox Level] tracesTo (s(tu?\? ase» Ferform cofiin escapology

Table 8 Showing Validation of Use Cases by Vdidation Views - Using a Table

Tracing Needs to Needs

There are various relationships that may be tracetetweenneeds. For example,
a need may be theparent of other needs,one need mayrefine another or may
represent a needderivedfrom another.

An example of how parent needs and their subeeds are shown using a SysML

requirement diagram can be seen ifFigure4lwh er e t he ‘crossed cir
shows subrequirements related to a parent requirement.An example showing

derivation links is given in Figure 44, relating three derived needs to the need

from which they are derived.
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«requirement»
Satisfaction Survey

id# «deriveReqt»
ESO004-DOOL [TTTTTTTTTTTTTTTTTTTmmmmTm e,
txt

The System shall ensure that an Audience ‘
satisfaction survey is carried out after !

every performance.

«requirement» «requirement»
Minimum Satisfaction Level 85% Maximise Excitement

id# «deriveReqt» id#
ES004-DO02 b ES004

txt txt
The System shall deliver an Audience The System shall ensure that
satisfaction level of 85% within four the excitement of the Audience
performances. is maximised.

A

«requirement»
Continuing Satisfaction

id#
ES004-D003 «deriveReqt»

txt
The System shall ensure that a minimum
Audience satisfaction level of 85% is
maintained after the first four
performances.

Figure 44 Derivation Relationshi ps Between Needs - Using a Diagram

The information shown onFigure 44 can be shown in a table such as the example
shown in Table 9 below.

Id# Name Txt Derived Derived From

«requirement» Minimum

i i 0,
The System shall ensure tha Salitizon Lese] Fee

ES004 Max_lmlse the excitement of the «reqL_ure_ment»_ .
Excitement - . L Continuing Satisfaction
Audience is maximised. .
«requirement»
Satisfaction Survey
TheSystem shall ensure that
ES004 Satisfaction Surve an Audience satisfaction «requirement»
D001 Y survey is carried out after Maximise Excitement
every performance.
. The System shall deliver an
Minimum . - . .
ES004 Satisfaction Level Audience satisfaction level o «requirement»
D002 85% 85% within four Maximise Excitement
performances.
The System shall ensure tha
ES004 Continuing a minimum Audience «requirement»

. - o i
D003 Satisfaction satl'sfac_:tlon level of 8.5/0 IS Maximise Excitement
maintained after the first

four performances.

Table 9 Derivation Relationships Between Needs - Using a Table

Tracing Systems to Needs
A SysML requirement diagram can again be used to show satisfaction of needs by
systems as shown irFigure 45.
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«requirement»
Perform Stunt

id#

«requirement»
Allow Different Fluids

id#

= ES002

«satisfy»

" «satisfy» —=> «requirement»
Computer-controlled Pump

id#
******** ---—= ES003
«satisfy»

Figure 45 Satisfaction of Needs by Systems and System Elements- Using a Diagram

The same information can be shown in a table:

SEUS M=

TheSystem shall enable the
Escapologist to perform the
‘concrete coffin' Coffin Escape
stunt.
The System shall allow the
. Coffin Escape stunt to be
ES002 A"C.'W Different performed using different Fluid,
Fluids .

not just ConcreteExamples

include Custard, Water etc.

ES001| Perform Stunt

The System shall ensure that
Computer the Pump used to pump the

controlled Pump chosen Fluid into the Hole is to
be under computer control.

ES003

Table 10 Satisfaction of Needs by Systems and System Elements- Using a Diagram

In this and the preceding examples in this section, each of the traceability
relationship types hasbeen considered one byne. An alternative approach is to
consider individual needs (or small sets of needs) and show all the traceability to
and from that need as in the example diagramn Figure 46.
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«testCase»
[Package] Scenarios [Computer

Control of Pump - Successful
Stunt]

:
I
I
«trace» |
I
I
I

i«satisfy» v«refine» satisfy»
«requirements»
””””””””””””””” Computer-controlled Pump ™~~~

«trace»

Figure 46 Example Showing All Traceability Relationships to a Single Need

Impact Analysis

As discussed above in SectioR.2.7 one of the major reasons for ensuring that a
requirements model is fully populated with traceability links is the support that
such links give for performing traceability analysis. Most SysMinodelling tools
provide some support for performing such analysis and example of output
generated by such a tool is given iRigure 47 and Figure 48.
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COCMPASS

= <<root = +Initial Ideas Meeting 10.01 2008 <<block>>
- <etrace==Minimise Risk <<requirement ==

E| <requirement Nesting > Sufficient Air<<requirement >

i L. ¢refines>Ensure sufficient air¢<Use Cases>
JeqwrernerrtNeshng»&'ush-prouf’:requwemerrt
i wxrefine»Build sturt coffin<«<Use Case>>

E| :::reﬁne>>Ensure coffin net crughed by fluid<<Use Casex:
- w<trace>block] Coffin Escape [Detemining Hole Size]<<ParametricDiagram==

E| ':J'eﬁne =Minimise risk to escapologist<<lUse Cases>

<«race>>[Package] Scenaros [Preparation]<<Object Sequence Diagrams>

<<tracex>block] Coffin Escape [Escapologist Decision]<<ParametricDiagram ==
Bl z<trace:=Cush-proof <<requirement =
- carefine>>Build stunt coffin<<Use Cases>
[2)- <<refine>Ensure coffin not crushed by fluid<<Use Case>>
<atrace>>[block] Coffin Escape [Determining Hole Size]<<ParametricDiagram ==
- <<trace>=Sufficient Air<<requirement>>
i e qaefine>>Ensure sufficient air<<Use Cases=
() <drace>>Perform Stunt < <requirement =
B- <zrequirement Nesting =>Alow Different Fluids<<requirement >
EJ- <<refine>Perform using concrete<<lse Casex>
| b cdraces>Concrete<<block>>
<zrefine=>Perform using custard<«<lUse Casex>
- <<trace>Custard < <block =
- <<refine==Allow sturt to be performed using different fluids<<Use Casex>
<trace>>Custand <<block >
<racex>Concrete <<block >
racex>Huid<<block>>
<racex=>Water<<blocl =
<<satisfy>>Custard < <block=>
<<gatisfy>=Concrete<<block >>
satishy=>Fluid<<block>>
<<satishy=>Water<<block =
[=)- <<requirement Nesting = >Computer-controlled Pump <<reguirement s>
(- <<refine>>Fluid to be pumped into hole under computer control<<Jse Case>»
<trace=>Pump<<block ==
drace>»Pump<<intefaces>
<race>>Pump Controller<<block:>
<<satisfy>>Pump<<block:=>

- ¢<gatisfy>>Pump Controller<<block =
[=)- <<refine=>Peform coffin escapology stunt<<Use Cases>

- zatrace»>[Package] Scenaros [Successful Sturt - Audience View - White-box Level]<

<<satisfy==Coffin Escape<<block:>

<<trace>[block] Coffin Escape [Escapologist Decision using Grouped Constraint]<«<ParametricDiagram==
<<race>[Package] Scenarios [Failed Stunt - Emergency]<<Object Sequence Diagram::

<<trace>[Package] Scenarios [Successful Stunt - Audience View]<<Object Sequence Diagram::
<<race:>[Package] Scenarios [Successful Stunt - Escapologist View]<<Object Sequence Diagram:==
<«race>>[Package] Scenaros [Successful Sturt - Escapologist View - Using Preparation Scenaro]<<Object Sequence Diagrams>

satisfy>>[Package] Scenarios [Computer Control of Pump - Successful Stunt]<<Object Sequence Diagram=»

- ¢<trace>»[Package] Scenarios [Successful Stunt - Audience View]<<Object Sequence Diagram>

- «<trace>>[Package] Scenarios [Successful Stunt - Escapologist View]<<Object Sequence Diagram:=

- ¢<trace>>[Package] Scenarios [Successful Stunt - Escapologist View - Using Preparation Scenario]<<Object Sequence Diagram:=:
<Object Sequence Diagram==

- £etracex»[Package] Scenaros [Successful Sturt - Audience View - Black-box Level]<<Object Sequence Diagram==

Figure 47 Example of Forward Impact Analysis Information Based on Traceability Information

Figure 47 gives an example of dorward impact analysis trace generated from a

SysML requirements model. This has been generated by following traceability

links forward from a source element and would be used to dip asses any
possible changes needed due to changesitothe information contained in that

source element. From the diagram it can be seen that four needs (modelled as
SysML requirements) are directly related and have to be checked. For each of
these needs the use cases, systems (modelled as SysML blocks),
requirements and validation views (SysML sequence and parametric diagrams)

are also shown. Each of these should also be checked for potential changes.
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As well as performing forward impact anayses, an impact analysis can be
performed backwards, starting with. For example, a validation view, system or
use case and tracing backwards to see what it traces to and-@n. An example of
such a diagram is showrin Figure 48.

- <zroot=>=[Package] Scenarios [Successful Stunt - Audience View - Black-box Level]l<<Object Sequence Diagram::
— <otrace=>Peform coffin escapology stunt<<Use Casex:
| - <<refines>Perform Stunt <<requirement ==
: L cxtraces>Initial 1deas Mesting 10.01.2008<<block >>
- <<traces>Maximise audience excitement<<lss Cases>
=} z<refine=:Maximise Excitement < <requirement =
2 <<trace>:Mesting Minutes 01.04.2010<<block >
b cxtrace>Coffin Escape Schematic<<block>:
=1 <=refine==Minimum Satisfaction Level 85%<<requirement ==
=8 czderveReqt>=Maximise Bxcitement <<requirement =
2 <<trace==Mesting Minutes 01.04.2010<<block
b ctrace>Coffin Escape Schematic<<block:>=
—I- <=refine»=Satisfaction Survey=<requirement ==
=8 czderveReqt>=Maximise BExcitement <<requirement =
2 <<race>=Mesting Minutes 01.04.2010<<block >
b ctrace>Coffin Escape Schematic<<block:>=
=1 <=refine>=Continuing Satisfaction<<requirement =
=8 czderveReqt>=Maximise BExcitement <<requirement =
2 <<race>=Mesting Minutes 01.04.2010<<block >
b ctrace>Coffin Escape Schematic<<block:>=

-
-
-
-

Figure 48 Example of Backwards Impact Analysis Information Based on Traceability Information

Such a diagram might be used when a problem is found in, sayadidation view.
By tracing backwards it is possible to identify anything that could potentially be
affected by any changes that have to be made to the validation view.

A Formal Framework for Tracing

The framework for requirements tracing described aboveuses informal
reasoning to justify traces between higHevel requirements and source
elements. The informal reasoning refers to terms such as validation, verification,
derivation or refinement. In semtformal notations such as SysML this is a
reasonable gproach. In formal notations such as the CML we can achieve more
by exploiting the formal elements of CML models for formal reasoning. This
would create the possibility of using theorem provers or model checkers for
validation, verification, derivation or refinement. A remaining challenge is the
need for combined treatment of formal and informal elements in complex
models. We believe, the WRSPM approach could serve as a foundation to achieve
comprehensive requirements tracing involving formal and informalkelements.

The WRSPM reference model [Gunteat al 2000] may serve a basis for a formal
model of tracing. WRSPM provides two basic concepts, phenomena and artefacts,
on which it builds a formal model for engineering from requirements.
Phenomena describe te state space and state transitions of the system as a
whole consisting of the environment as well as the device to be built. Artefacts
constrain the phenomena. The reference model distinguishes five kinds of
artefact:
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The domain knowledge (W) describes fets about how the world behaves.
The requirements (R) describe how the world should behave (once the
system is built).

1 The specifications (S) describe a system whose implementation satisfies
the requirements.

The programs (P) provide an implementation oflie specifications.

The programming platform (M) provides an execution environment for
the programs.

E

= =

Phenomena are either controlled by the system (belonging to set s) or by the
environment (belonging to set e). The sets s aneé partition the set of all
phenomena. We do not go into further detail into the reference model but
illustrate briefly how the reference model can be used for tracing.
The different kinds of artefact stand in a formal relationship to each other. For
instance, we have to shovadequacy ofs:

en W S R
This says that, given the domain knowledge, the specification must satisfy the
requirements. The requirements can be represented as a list of requirements R
that are conjoined

R=R 2R ...n. R
We can now state adequacy of S for each R
en W S. R
Usually not all of W S is required in or
of W S will s uid chlledcasatisfadtibnebass\Welsay ¢hat the B

satisfaction base SBrealises the requirement R This provides the necessary
information for tracing requirements into the specification. In general, it is not
possible to find a minimal satisfaction base. However, for practical purposes a
good estimate is sufficient. Following thesame idea using the specification S in
place of the requirements and the programs in place of the specification in the
adequacy formula

en M P S
we can continue tracing from the specifications into the programs. The formula
M P S = tpragraens Prdfirte ¢hé specifications S. This notion of

refinement is similar to that of UTP[Hoare & He 1998 and thus can also serve for
the CML for tracing informal requirements into formal models. Combining the
two adequacy formulas we get

en W MP R
justifying why the programs satisfy the requirements and indicating how
requirements are traced into the programs. Instead of going in one step to the
programs one can also traverse a series of more and more detailed specifications
before arriving at the programs. This corresponds to model refinement and
tracing can be done in the same way as outlined above.

The approach [Jastramet al 2011] for tracing requirements based on WRSPM

permits mixing formal and informal reasoning about artefacts. In pdicular, it is
possible to apply it in development projects that are only partially formalised.
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The principle of the approach is very simple: informal statements are attached to
formal statements specifying whether the formal statement is weaker or
stronger with respect to logical implication or equivalent. The approach does not
make strong assumptions about the informal modelling method applied. It has
been applied to combing EvenB [Abrial 2010] with Problem Frames [Jackson
2001] but should be applicabé to a combination of CML and SysML as well.

The main purpose of the reference model is to relate formal verification that is

possible in formal models to informal artefacts such as domain properties,
specifications and requirements.Figure 38, for example, shows some formal

elements of the Escapologist SysML model. Some correspond to domain
properties, some to design decisions. If we were to formally prove some safet
property I|ike *“Given these assumptions th
specified system due to | ack of oxygen or
the established truth of the proof is easily traced to the involved domain

properties and specifcations. The statement in quotes that has been proved will

be traceable to a requirement. It is the conclusion of the proof. Hence, we have
proved W S R formally and provided a r
informal model.
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4. Extending the Framework for System of Systems

Use

Sections2 and 3 presented a requiremens engineering ontology and associated
requirements engineering framework for general use when undertaking
requirements engineering for a system. While all of the concepts and views hold
for SoS requirements engineering there are some additional conceptsdriews
that are needed to extend the approach to fully address requirements
engineering for SoSs. This section describes these additions with Sectidri
describing changes to the ontology and Sectioh2 changes to the framework.

4.1.Changes to the Ontology

The diagram below takes the original MBRE ontology that wasitroduced in
Figure 2 in Section2.1 and extends it to cover the addition& concepts needed
when dealing with SoS. These additional concepts are those found in the ellipse.

«block»
Formal Scenario

«block» i constrainsh- ~dvalidates 1. «block»
Rule Scenario

describes the context of
<block» o
Source Element

~is elicited from

«block»
Semi-formal Scenario

1.

«block»
Use Case

[ «block»
Context
«block» «block» A
Goal Capability
«block» «block»
Requirement System Context

1.

«block»
Stakeholder Context

«block»
Virtual
«block»

‘ Collaborative ‘

«block»
Acknowledged
«block» ‘

‘ Directed

Figure 49 The model -base requirements engineering ontology extended for SoS

The key change is the differentiation betweert y pes of ‘System’
‘System’ have,béebde I Sysbemced Systems
more ‘Constituent System’
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Forthe * System of S yeotdiagtes|[Dahmanretrak2068]; feur a
types: ‘“Virtual | “Col |l aborative’, “Acknowl
described above in Section..1.

Al t hough two types of ‘' Sy oé¢saohdirectiyaaffeet been i
the creation of a ‘System Context’, which
When engineering an SoS, then one such * Sy

is that for the SoS. Such an St¢&/el context is a set of points ofiew that shows
the requirements that do not exist in any single system, but exist for th&0S
When dealing with SoS requirements they often represent thgoals of the
system, normallystated as neededatapabilities[DoD2012].

In addition to the SoS corext, contexts are also produced for each individual
“Constituent SspmebfehesystemlireguirementsInatite contexts
of the constituent systems will trace back to and be derived from the overarching
SoS requirements, but not all. Only thosequirements of the constituent system
that are needed to support the SoS in which it partakes will be so tracethe
constituent systems will havetheir own requirements that are not relevant to
their participation in the SoS.

For example, consideran $S ‘ Mytlsab iS made up of two constituent
systems ‘' SysA’ a DefinitionS/iew &uld be Aran@ onthiseas t
shown below.

CDV MySoS and Its Constituent SystemsJ
«block»
MySoS
1 1
«block» «block»
SysA SysB

Figure 50 Context Definition View for a Hypothetical SoS

Given the Context Definition View inFigure 50, three Requirement Context

Views would then be expected: one for “ My
constituent systens , ‘' Sys A’ and ' SysB’. That for * M
below.
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MySoS Context

| «constrain»
| —
«include» 2

e SysA
Stakeholder 1
S «_ «include»

A

- . - Sysl?
Figure 51 Requirement Context View for SoSO- U3 1 3 6

The use cases shown on the diagram Figure 51 represent those requirements,
in context, for the SoS&s a whole While they arenot requirements for any of the

individual constituent systems, t wo of t h
requirements for the So0oS that may need part
with use case ‘' X’ needing the participatio

Now consider the Requirement Context View

—X

Stakeholder 3

SysA Context

/" «include»

T

MySoS

A

SysC - o B
Figure 52 Requirement Context View for Constituent System O3 UO! 6

The use cases shown on the diagram Kigure 52 represent those requirements,

in context, for the constituenty st em * Sy s A’ . Uses cases ‘A’
requirements that ar e rieilsewnaghttandhobtoit Sy s A’ a
as a constituent system of the S0S.Sy s C’ representsnoh stakeh

involved in the SoSThe highlighted usec a s e doeas lhofvever, represent a
requirement that is needed to support the SoS. That this use case is relevant to

the SoS can be seen by its Ilink to the * My
use case ‘nuX’ represenmMySddebuisnedsdatxats e * X’
applies in the context of * SysA’
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A similar diagram would be drawn for * SysB

SysB Context

/@§\ h «inCIUde»

- ;<}nclude>>
MySoS \
\\«extend» SysC
Figure 532 ANOEOAT AT O #11 OA@0 6EAx EIO #11 OOEOOAT O 3UC
Again, some of the use cases ifigure 53 ( * P’ and Q) repres
requirements t hat asawsystenririts ewnaight andtnot to‘itSy s’
as a constituent system of the SoShe highlighted use cases n u X’ and ‘nuZz
represents the use cases ‘' X’ and * Z° from
apply in the context of ‘SysB’
Note also that the two Requirement Context Views ifrigure 52 and Figure 53
bothhave a use c aAtkRough thesetdo usencasks have the same
nametheyar e not the same use case. They are t
for ‘*My So S’ put into context for each o f

therefore would have different descriptive text and different scenarios validating
them.

It is important to be able to capture the links betweenuse cases in the context of
constituent systems thatrelate back to use cases for the SoS. In SysML, use of the
«trace» relationship can be used to capture such links. This allows traceability
tables like the one below to ke generated from the model.

Traces From

«Use Case» «Use Case» «Use Case»
nuX nux nuzZ
(RCV SysA) (RCV SysB) (RCV SysB)

«Use Case»
X trace trace

(RCV My SoS)

«Use Case»
7 Trace

(RCV My SoS)
Table 11 Traceability from Constituent System to SoS Use Cases

Traces To
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In summary, the key change to the ontology toncorporate the additional
concepts needed when dealing with SolS the differentiation between types of
‘Sys,tetmie ' System of Sp$t eme’ otrhamories ‘@ade
Systemr. the ‘System of f &yst etnyspest her\er
“Col | ab'oAcakknovwel’edged’ and ‘Directed’

Although no new type of view is needed to capture the SoS context differently
from its constituent system corexts, there are additional views needed when
modelling requirements for an SoS These new views are discussed in the next
section.

4.2.Changes to the Framework

The six views of the core requirement framework, together with their
relationships, are shown inFigure 54 (with sub-views of the Context Definition
View and Validation View omitted for clarity).

«block» o o o «block»
Context Definition View Requirement Description View|
1

«block»
Source Element View

«block»
Definition Rule Set View

1 1
describes the context of B
1> 10X L. 1.." 1x 1x 1x
«block» «block» 1 «block» «block» «block»
Stakeholder Use Case Need Rule Source Element
1 1 1. 1.x * 1.x
o ~constrains

validates A : is elicited from e

«block»
1 Analysis Relationship
«block»
Validation View

Figure 54 The Six Core Requirement Views and their Relationships

These six views, together with the Traceability View, are sufficient for modelling
the requirements for the constituent systems ofan SoS As discussed above in
Section 4.1 they are also sufficient for modelling most aspects of the
requirements for an SoS However, two additional views are needed. These
extensions to the core framework are shown below.

«block» extended «block» 1% 1. «block»

Context Interaction View Requirement View - Traceability View
=g shows traceability between

«block»
Validation Interaction View

core

«block» «block» «block»
Context Definition View Requirement Description View Validation View
«block» «block» «block»
Requirement Context View Definition Rule Set View Source Element View

Figure 55 The Eight Views of the Extended ACRE Framework

75



D21.1—Report on Guidelines for SoS Requirements C C M P A S S
(Public)

The t wo addi ti onal Vi ews i n t he extended
l nteraction View’ and the ‘“Validation Il nt e
other views as shown below.

«block»
Context Interaction View

«block» R
Validation Interaction View|

1 1
combines v expands v
1. 1
«blocks 1 1»*‘ «block» ‘ 1% 1. ‘ «block» «block» «block»
Context Definition View Requirement Context V|ew‘ Requirement Description View| Definition Rule Set View Source Element View
defines context for - ‘ requirements in ‘
1 1 1 1
describes the context of B
1.* 1> 1..“ 1,,"‘ 1.% 1.* 1.%
«block» «block» 1 «block» «block» «block»
Stakeholder Use Case Need Rule Source Element

1 1 1x 1.x * 1.
combines v -
| ~= constrains

validates A : is elicited from -

«block»
Analysis Relationship
1.
1. «block»
‘ Validation View

Figure 56 The Eight Extended Requirement Views and their Relationships

These two additional views are described in the following subsections.

4.2.1. The Context Interaction View

The Context Interaction View is intended to provide an owgiew of the
relationships between the contexts of the various constituent systems that make
up an SoSlt focusses on the subset of the extended ontology as shown below.

«block»
Formal Scenario
«block»
Semi-formal Scenario

«block» N constrainsi- ~dvalidates 1. «block»
Rule Scenario
~=gdescribes the context of
* *

«block» *
Source Element

s elicited from

«block»
Use Case

[ «block»
Context

/N

«block»
Goal

«block»

«block»
Stakeholder Context

System Context

1.*

«block»
System

«block» «block»
Virtual Acknowledged

«block» «block»
Collaborative Directed

Figure 57 Subset of the ontology for the Context Interaction View
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Just as with the Requirement Context View from the core framework, the Context
Interaction is primarily concerned with showing needsin context as use cases.

«block» _ Rather than showing a single context, as is
Context Interaction View the case with each Requirement Context

View, the Context Interaction viewcombines

1 1 the Requirement Context Views ofeach
constituent systeminto what is, essentially,

combines v expands v an expanded RequiremenContext View for
the entire SoS. The relationships between

1 * 1 the Context Interaction View and the rest of

the framework are shown in Figure 58.
«block»

Requirement Context View However, although the Context Interaction

View can be thought of as an expanded
Requirement Context View for the entire
SoS, it is showing the contexts from the
perspective of the constituent systems and
so, as discusseth Section4.1, will show the
various uses cases of the SoS from the point of view of the constituent systems,
rather than from that of the SoS. It will typically also show use cases of the
constituent systems that arenot involved in the SoS. Although thesean be
omitted it is often useful to leave them in as this can alloaommon functionality

to be identified by comparing use cases across the contexts shown.

Figure 58 Relationships between the
Context Interaction View and the rest of
the framework

An example of a Context Interaction View is shown below.

Stakeholder 3

SysB Context SysA Context

«extend»
«include» .77 @
«nclude»
.___ «include» / ' «include»
. @ \\

«extend» ’/

D

SysC
Figure 59 Example Context Interaction View For a Hypothetical SoS and its Constituent Systems

The Context Interaction View inFigure 59 is based on the Requirement Context
Views for the const t uent systems ‘' SysA’ and
previously and which are shown inFigure 52 and Figure 53. It was created by
simply taking those two Requirement Context Views and combining them on a
single diagram.
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The Context Interaction View shows the relationships between the Requirement

Context Views of all the constituat systems of the SoS. Unsurprisingly, the main

link between the contexts will be through the stakeholder representing th&o0S

as can be seen ifrigure 59 v i a MyhSeo S" actor . Thiany wi | | be
Context Interaction View; all the constituent system contexts will be related

through SoS stakeholder.

However, bear in mind that the individual Requirement Context Views will often
have beencreated in isolation (if, indeed, at all) by different organisations and
therefore the Context Interaction View may well be the first time that the
contexts of the two constituent systems have been considered together. This can
be very useful for identifying other areas of lhkage between constituent
systems.

For example, inFigure59i t can be seen that both * SysA’
‘ Sy s C’ mothai congtituenssystem of theSoS.! Sy s A’ and ‘' SysB’ r
even be aware of this shared connection. Knowing this, one could then
investigate whether, for exampl e, ' SysC’
should be part of the SoS. It is also very useful when conducting impact arsis.

Forexample,ay a change is required to use case
to the role " SysA’ plays in the SoS. Stand
could identify that such(butc hrmontgeu s anpaa s s
since the change is wunr el at ewhichtinoturm Sy s A’ b

i mpacts the interf ac eandhencemeag nequifedghangée and
to ‘“.SyscC’

As can be seen fronrigure59any changes to ‘ SysC’ mi ght a
with ) SwisB'use case ‘' P’. Changes to ‘' P’ C 0L
and ‘nuZz’ in ' SysB’ and hence affect t he
additio n a | changes in *SysA’ through its use ¢

the constituent systems ‘ SysofAbeenamadk, ‘' Sy s B’
which is entirely possible if the two systems have been created in isolation and

their Requirement Conext Views not linked, thenthe true impact of a change to

use case ‘A’ may not be realised. The dev
rigorous impact analysis from their point of view, unaware of their carefully

pl anned change c¢ oudSadnd téirfowncsystern i8 unexpected, the S
ways.

The following consistencychecksapply to the Context Interaction View:

1 When modelling requirements for an So$ a Context Interaction View
must be created.

1 The Context Interaction View must include the Requiremnt Context
Views for all of the constituent systems of the SoS.

9 Each use case on a Context Interaction View that is involved in the SoS
(linked to the SoS stakeholder)must have at least one Validation
Interaction View associated with it.
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4.2.2. The Validation I nteraction View

The Validation Interaction View is intended to provide a combined view of the
scenariosfor use cases that are involved in the SoS. It focusses on the subset of
the extended ontology as shown below.

«block»
Formal Scenario
«block»
Semi-formal Scenario

«block» . constrainsie ~validates - «block»
Rule Scenario
. .

«block» o
Source Element

~=gis elicited from

«block»
Use Case

i S «block»
Context

/\

‘ «block» ‘ ‘ «block» ‘

Goal Capability
«block»
Requirement

«block»
Stakeholder Context

«block»
System Context

1.%

«block»
System

1its the neeq| for

«block» «block»
Virtual Acknowledged

«block»
Directed

«block»
Collaborative

Figure 60 Subset of the ontology for the Validation Interaction View

The Validation Interaction View shows a scenario for a number otlated use
cases by combining the Validation Views of those use cases. A number of
Validation Interaction Views would be created inorder to show that the Context
Interaction View can be satisfied. This is shown iRigure 61.

«block» 1+ 1 «block»
Validation Interaction View Context Interaction View
satisfies
1.*
combines v
1.*
«block»

Validation View

Figure 61 Relationships between the Validati on Interaction View and the rest of the framework

Not all of the uses cases that appear on a Context Interaction View will have
associated Validation Interaction Views, only those use cases ttae involved in
the SoS. These use cases can be identifiednfr the Context Interaction View as
those that are linked to the stakeholder representing the SoS. Thus, for example,
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from Figure59t he use cases ‘' hulf f SgmAt handohneX
from the cont ext of ‘' Sys B’ can be seen 1
Interaction Views will be needed.

Where a single use case at the constituent system level traces to a single use case
at the SoS level, then the Validian Interaction Views for the use case will be the
same as its Validation Views. Thisisthe case flreus e case ‘' nuZ’ fronm
However, where uses cases in more than one constituent system can be traced
back to single use case in the SoS, or whemultiple uses cases in single
constituent system can be so traced, then the appropriate Validation Views are
combined. This is the case forthe use case* n u X’ imd fSyusXAR’  ian
These both trace back t o Jasbhkellalkoge ‘' X’ of

Sy s
t

Two related Validation Views for these use cases are shown Figure 62 and
Figure 63. These Dboth treat the two constituent
black boxes, but there is no reason why this need be the case. It is ddmere

simply for clarity. One or both could be scenarios that treat their systems as

white boxes, showing their internal system elements.

MySoS «block»
1 :SysA
| message Al
. message AL %‘ doX
' doSomething
(< i
message A2 1

|
Figure 62 Validation View for Use Case 'nuX' for Constituent System 'SysA'

A

MySoS «block»
l :SysB
' doSomething ‘

==

message B

t]' doX

. |
Figure 63 Validation View for Use Case 'nuX' for Constituent System 'SysB'
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These two Validation Views can be combined to provide a single Validation
Interaction View. This has been done ifrigure 64. The Validation Views can only
be so combined if they represent thasame(or aspects of the same) scenario.

MySoS «block» «block»

! :SysA :SysB
message Al y Y

message Al dox

| message A2 | L[.% doX

h

Figure 64 Validation Interaction View for Use Case "nuX’ forConstituent SystemO O3 UOSYSB AT A

Just as with the Requirement Context Views for constituent systems often being
created in isolation, the same is true for the various Validation Views. Combining
them together into Validation Interaction Views may be the first tne that the
scenarios have been looked at togetheat the level of the constituent systems
and may reveal inconsistencie$o the Requirements Engineer

The resulting Validation Interaction Views shouldalso be compared to the
corresponding Validation Views for the use case at the SoS level. For example,

the Validation Interaction View above should be compared to the Validation

View (for the same scenario) for mage case
again reveal inconsistencies between the scenarios modelled at the SoS level and

the corresponding combined scenarios at the constituent system level.

The following consistencychecksapply to the Validation Interaction View:

1 Each use case on a Context brction View that is involved in the SoS
(inked to the SoS stakeholder) must have at least one Validation
Interaction View associated with it.

9 \Validation Views can only be combined into a Validation Interaction View
if they validate uses cases that trac® the same So3evel use case.

9 Validation Views can only be combined into a Validation Interaction View
if they represent thesame(or aspects of the same) scenario.

In summary, the two additional views are needed to model SoS requirements:

the * QConteexatcti on Vi ew’ and the *Validatior
Interaction View is intended to provide an overview of the relationships between

the contexts of the various constituent systems that make up an Sobhe

Validation Interaction View is intended to provide a combined view of the

scenarios for use cases that are involved in the SoS.
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Having described the information needed to fully understand requirements for
an SoS and its constituent systems, through the definition of a requirements
ontology and associated framework, this document next discussesocesses for
the engineering and management of requirements.
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5. Requirements Processes

This section introduces the processes that have been defined that relate to
requirements engineering and requiements management for So0S. The

processes have been defined according to a modehsed approach, known as the

‘seven Vi ews approach to process model l in

This section discusses two main areas:
T An introduction to the ‘seven vVviews’
describes the modelbased approach that was used in order to specify the
new COMPASS processes.

1 An overview of the COMPASS processes themselves. This section consists
of a description of the new COMPASS processes using the seven views
approach.

ap

The information in this document presents an overview of the new COMPASS
processes.The full model of the process is documented in the large Annex to this
document. It should be pointed out tlat the size of document does not indicate
that the model iscomplex;rather that it contains a lot of information. Alsojs not
intended to be read like a document but, rather, iprovided as a documented
version of the model. Indeedthe Annexitself, including all the diagrams and all
the text,was produced automatically from the Artisan Studio modelling tool.

5.1.T h eevén8i e wApgioach to ProcessM odelling

Al the processes in this piece of work ha
Vi ews’ approach t dhe paven wvievs sappnoeetd is b Ibastn g .

practice, modetbased technique for describing processes that has been used

widely in industry for several years. For a full discussion on the rational for

model-based processes and how they may be measured for capability maturity

reasons, see [Holt2009] This section discusses the concepts behind the
approachusing a process frameworkand then introduces the views themselves.

5.1.1. The ProcessConcepts

The seven views approach to process modelling uses a framework to define the

actual seven views required for effective process modelling. The concepts behind

the framework will be introduced ( t he ‘ pr opce swiambwien ¢he

framework itself ( t h e ‘“pr ocess .I(MTkeseltwoswetws togethev i e w’ )
define a process modellingneta-model.Once the framework has been described,

then each view will be described briefly.
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Figure 65 Process framework - process concept view

The diagram in Figure 65 shows the process concept view of theevenviews
process framework

In the top-left corner ofthedagr am, there is a class named
t hat i s made up of one or more ‘' Process’
associated processes represents any sort of process knowledge whatsoever, in

its raw form. For example, this process knowledge may kacit knowledge that

may need to bemade explicitin order to understand it properly. Otherwise, it

may be written down in a book or process document. Basically, this process

knowledge could be almost any sort of information relating to processes.

On theright-hand-side of the diagram, there is &ysML block named Pr oc e s s
document’ and blachhnamesd'sDec ¢ ame nl t templ at e’ . T
document block hererepresents the final manifestation of the process definition

in some sort of document. Thiczould be a standard, a procedure, work practice

any of which could be a harecopy document, electronic copy (such as a word

processing file) or, indeed, some sort of webased document. This document is

formatted according to the document template which wl probably reflect some

in-house or corporate style of presentation of documents. This document

template is made up of a number of particular sections, subsectioretc., which is

simply represented on the model as thélock®* Sect i on’

Between the raw piocess knowledge and the final, deliverable process
document, |ies the ‘Process model’™ and it
ordered, structured and consistent representation of the process knowledge. The

process document is based directly on thiprocess model.

In fact, it is possible to redraw the same diagram but, this time, to group the
diagram into three main sets of information, as shown below.
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Figure 66 Process concept view with groupings

The diagram inFigure 66 shows exactly the same information as shown iRigure
65 except, this time, thanformation has been grouped into three main headings:
1 Source This represents any raw process information.
1 Understanding This grouping represents the model of all the process
knowledge and forms the basis for the final document.
1 Presentation This groupng represents the final presentation of the
process model-such as a standard, procedure, etc.

Therefore, to summarise, the ‘Source’ i nf o
the ‘“Understanding’ represents the ordered
this information and, finally, the ‘Presen
of the process knowledge.

The ' Source’ information is out there in t
any number of sources. The ' Presentation i
a process generation exercise, whereas t he
this section. This * Under st andi ng’ i nf oseweaviewso n , i n ot

process framework will be expanded upon irSection5.1.2

It should be noted that tere is no direct relationship between the process

knowledge and the process documentThe source information is raw, un

organised and often chaotic information containedfor instance,i n someone’ s
head or in a document that exhibits the classic t h ewlst of systems
engineering complexity, alack of understandingand poor communication [Holt

& Perry 2008].

Anot her key el ement of this di agram is t
document’ and the *‘Requirements set’ and,
between thet wo . Note that the diagram reads a
describes the purpose ofone or more' Pr oces s d o c uamean indre. It i s
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that is of specific interest here. It is quite often the case where different process

documents, for example standals are produced based on the same information.

Bear in mind that the diagram also says th
stakeholder’s view of the ‘Process model’
have their own view on the process model. Thefere, it is possible for a single

process model to be realised in a number of process documents that, although

based on the same source informati on, wi ||
point of view.

The process realisation view shows how the inform@on introduced by the
process concept view may be modelled usin§ysML Each of the main elements
of the process modelis looked at in more detail and then this is related to the
SysMLand which different elements of the language may be used for each paft
the realisation view using the stereotype mechanism

3 validates
T T TT T TTT T T T T T T T T T,
|
3 satisfies I !
Requirements set ‘ Process description Process validation
1%
1 1 1.*
«use case diagram» «block diagram» «block diagram» | | «block diagram»
Requirements Process structure Stakeholder Information
view view i view
3 ddfin view —
<> structure of . ‘
1. 1+
1.* 1.% - «block»
Artefact

«use case»
Requirement

«block diagram» «block»
Process content Stakeholder

view

«actor»
Stakeholder

1.*
1%
3 satisfies 3 de_flnes «activity diagram»
«block» behaviour of
‘ Process Process

1.% Iﬁh, behaviour view
. s

1% 1* 1% s

«operation»

«property»
Activity

«object» «swim lane» «sequence diagram»
Artefact Artefact Stakeholder -| Process instance

view

«activity invocation»
Activity
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Figure 67 Process realisation view

i

T.* i

3 produces/consumes I 0
1.% ! 1

|
|
} «life line»
| Process

3 validates

The diagram in Figure 67 shows the process realisation view, which is a

breakdown, into further detail, of the main elements of theconceptsthat were

introduced in Figure 65. In this diagram, a new modelling element has been

introduced — that of SysML stereotypes A stereotype is a way of tailoring the
SysMLlanguage for a particular application In this case the language has been

tailored to relate SysMLconceptsto the process modelling concepts. Whenever

there is ablock name with a word in chevrons written above it, then the word in

chevrons represent which element of theSysMLIlanguage is used to realise the

concept representa by the block . For example,thecocept of a “ Requi r
v i e(wdicated by theblock * Requi r ement s v iSgMLudingas real i
use case diagram (indicated byuse case diagramin chevrons).

86



D21.1-Report on Guidelines for SoS Requirements . (&, M P A S S
(Public)

For a full specification of any process, then aomplete set of these views is
required —the omission of any single view can lead to problems. There are some
situations where not all views are required, but these situations usually relate to
process models that are deliberately incomplete. For examplemost
international standards wi | | speci fy
subset of the views being produced with an emphasis on structure rather than
behaviour. However, even in such situations, it is still often the case that all
views, including the behavioural views, need to be considered in order to get the
subset of views correct.

There are seven views in thesevenviews process framework the requirements
view, the process structure view, the process content view, the stakeholder view
the information view, the process instance view and the process behaviour view.
Each of these views is now discussed in more detalil.

5.1.2. The SevenViews

This section briefly introduces each of the seven views and explains its purpose.
The order in which the views are created is unimportant as this will differ
depending on the application, therefore there ieither relevance nor priority
given here to each of the views.

The O &quirements View

The requirements view specifies the overall aims of thprocess. It is possible to
have a number of different requirement views for a single process model,
depending on the number of stakeholders and, hence, the contexisvolved.
Typically, each process will be aimed at a particular set of stakeholders and bac
one of these stakeholder sets will have their own requirementsgiew from their
context. The requirements view is also very important as it will form the basis
for validating each process. It is quite often the case that a set of processes is
defined thatis fully verified, but that is not validated.

It is the requirements view that will provide an understanding of exactly why the
process model is needed in the first place. If the requirements for the process
model are not known, thenthe process modelcannot be validated

One of the features of a robust process model is its ability to remain valid over a
long period of time. In order to do this, the process model must evolve to react to
the changing environment in which it lives. As time goes oshanges will occur in
surrounding environment, so it is important that this can be captured in some
way, and it is the requirements view that achieves this. Examples of changes
include:

1 Changes in related process modelsvariably, a process model will ot
exist in isolation and will have to ceexist with a number of other process
models, such as related standards, procedures etc. It is quite possible and,
indeed quite common, for these external process models to change in
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some way and to render element®f the actual process model redundant,
incorrect or simply out of date.

1 Changes in the busines8usinesses are living entities and, as such, are
subject to change due to any number of factors, such as technology
changes, best practice changes, new busirsesareas opening up,
automation of production etc. As the business evolves then so must the
process model to reflect this.

These changes are nothing new but, in many instances, they often go unnoticed
as the process model still functions in a correct fasbn, but it can no longer meet
its new requirements.

The requirements view, therefore, is essential for ensuring that the process
model is correct and can be validated over a period of time, and that it evolves to
reflect any changes in the environment.

The requirement view is mainly concerned with the use cases associated with
the requirements for the process and may be realised using a subset of the ACRE
views. For example:

1 The requirements view may be realised using a use case diagram.

1 The requirements view may be realised using a subset of the ACRE views.

1 The requirements view may be realised using the entire set of ACRE
views.

This work uses a subset of the ARE views that will be described in the next
section.

The O@cess Structure View §

The process structure view shows a higHevel representation of the basic

structure of, and the terminology used throughout, the process and is realised
using ablock diagram. The process structure view represents the ontology for

the process model and is, theref@, essential for consistency of the language
used throughout the project.This view will only need to be generated once and
then it will dictate the basic structure of all the subsequent processes.

This view is very useful for mapping between different ppcess models at a high

level, resulting in a basic correlation between the terminology used between
process models, which can be invaluable when it comes to audits and
assessments.

The O®cess Content View &

The process content view shows the actual content, in terms of activities and
artefacts by representing each process as a singl#ock. The process content
view may be thought of as the libraryof processes that is available for use on the
project. Due tothe large number of processes within an organisation, it is usual
to produce a process content view for each classification, or process grouping,
from the process content view.
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The process content viewss realised in SysMLby a block diagram, and is very
closely related to the process structure view in that it is the process content view
that shows the actual activities and artefacts exhibited by each process. Each
process has alock to represent it and the process artefacts are re@sented by
properties, whereas the process activities are represented by operations.

The O@cess Behaviour View

The *Process content view’ identifies all
For each of these processes, the activities and artefadse also identified. In

terms of modelling, the process content view is a structural view of the process

and, therefore, there must be a corresponding behavioural aspect of the model.

One of the views in the behavi behavedr aspect
view’ that descr i b bamvoftabkimle precbsa. Remerabering or t he
the rules of SysML any class that exhibits behaviour (has operationsghould

have an activity diagram to describe its behaviour. As the process content view

has already identified a number of processes that are represented ddocks, and

each oftheseblocks has at least one operation, then it follows that each of these

classes must have an associated behavioural view. This means that each process

from the process cotent view will have a process behaviour view associated

with it —this relationship can be seen irFigure 67.

Each process behaviour view is realised isysMLby an actvity diagram that
describes the behaviour of a single class or, in this context, a process.

The Onformation View 8

The information view is concerned with identifying the key artefactsfor the
system and then identifying their inter-relationships. This vewpoint is crucial
for two main reasons:

1 Inter-process consistencyA large part of the complexity involved with
process models is derived from the interactions between the processes,
rather than the internal working of each process. In order to make ser
that processes are compatible (for example, that their respective inputs
and outputs match up) it is vital to have an understanding of both the
main artefacts of the processes and their interelationships.

1 Process automationlf the process model is goig to be used at a practical
level by a group, or several groups, of people, then process automation
will be a point worth considering. In order to automate processes, it is
important to understand what each artefact looks like (maybe a template
will be defined for each one) and how these artefastrelate to one
another. In fact, very often it will be individual parts of each artefact that
relate to their parts of artefacts, rather than the entire artefacts relating to
one another.

The information view may be modelled at several levels of abstraction in order
to represent the elements and their intefrelationships, and also the individual
structure of each artefact.
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The Otakeholder Viewd

The stakeholder view represents a simple classification of the different types of
stakeholder roles that are involved with the process. The stakeholder view is
realised in SysMLwith a block diagram, with each stakeholder being represented
by a single clas.

It is typical for a single stakeholder view to be drawn up that represents many or,

in some cases, alktakeholdersin an organisation, rather than creating one on a
project-by-project basis. Thisis atremendous help when it comes to trying to get

ani dea of the *“Dbig picture’ of an organi sz
comes to making sure that processes are consistent with one another.

The biggest mistake made by people when defining stakeholders is that they

refer to stakeholders by individual rames, such as the name of a person of an

organisation, or by job titles. It is therole of the person or organisation, rather

than the actual name that is of interest from the modelling point of view. There

are several reasons for this:

1 Multiple roles It is possible and, indeed, very common for a single person
to have more than one role. Consider the roles taken on by any single
person in an organisation and, in the vast majority of cases, each person
will play more than one role. This is importantbecausethe roles played
by an organisation, for example, can be wildly different, yet have the same
name associated with them.

1 Multiple names It is equally common for a single role to have many names
associated with it. In some cases, particularly when g@gomes to users of a
system, there can be millions of names associated with a single role.

1 RobustnessBYy thinking of roles, rather than names, a model that is robust
towards change is generatedit would make the modelunmanageable if,
every time that thename assaciated with a role changedthe model had to
be changedNot only is this impractical simply from people moving jobs
(particularly in large organisations) but it is also possible that the number
of names associated with a single role will increasas the project
progresses through the development life cycle.

Therefore, it is important to always think of the role, rather than names when
thinking of stakeholders.

When generating a list of stakeholders, it is very easy to get things wrong and for
two totally different reasons. The first reason is that, invariably, if one was to
write down a list of stakeholders associated with a process, then there would be
some missing. On the other hand, there will also be some stakeholders on the list
who are notinvolved at all with the project! The only way to have any confidence
that the stakeholder list is correct is to look at how and when the stakeholders
occur on the different views of thesevenviews process framework— a task that

is now straight forward, thanks to the diagram inFigure 67.
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The process instance view

The process instance view is a set of diagrams that provides the main validation
for the process model.lt is the process instance view that relates the actual
processes that are specified back to the source requirements and validates that
each requirement has been met. The basic elements of the process instance view
are executions of (or instances of) indildual processes. For each requirement
from the requirements view, it should be possible to execute a number of
processes in a particular sequence in order to validate that requirement.

The process instance view is realised by a sequence diagram in BgsML

5.1.3. Consistency Between éws

Consistency is the key to a good modela model without consistency is simply a
collection of drawings. It is impossible to have any degree of confidence in a
process model that is inconsistent, as it is important that athe different views
of the process model match with one another and, with the aid of theeven
views process framework this is very straightforward.

There are two main types of consistency checks to applgtructural checks and
mechanicalchecks.

The gructural checks refer to checks that may be applied based on the structure,
or pattern of the metamodel particularly with respect to their relationships.
Many of these checks can be identified based on the relationships in the meta
model. The following &ble contains a list of structural checks to apply.

Check description Meta-model reference

View check. Do all the views exist? All classes that describe diagrams, fo
exampl e: “I'nfor mat
by a«block diagram»

Process behaviour check.Does each‘® Pr oces s behavi ot
process in the process content viewb ehavi our of each
have its behaviour defined?

Is each requirement validated? Doey* Pr ocess i nstance
each requirement have at least on¢* Requi r ement ’

scenario defined to ensure that the
requirement is met

Table 12 Table showing structural consistency checks

Table 12 shows the specific stuctural consistency checks that should be applied
that are based on the main associations in theevenviews process framework

The second type of check is themechanical checkMechanical checksensure that
there is consistency in the process model accding to the seven views approach;
these are not SysML checks but checks that are derived from the approach itself.
All that is involved with applying the mechanical consistency checks is to select
an element from the actual process model, identify its cogsponding class on the
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meta-model, and then look for other occurrences of tlsi class name on the meta
model.

For example, consider the case where it is required to apply consistency checks
to stakeholders in the stakeholder view. First of all, look to # metamodel and

find t he cl ass named ‘“Stakehol der’ i n t h
indicates that the ‘" Stakehol der ’'«wlassm t he * S
in SysML Now, it is simply a matter of looking for other occurrences of

stakeholder on the metamo d e | which can be seen to be

view' where a ' Stak«ifednedem@andi $ nr ¢ dlei s &Re qluy
vi ew’ wher e arealistlaylareActordindysML |

This information is captured in the table below.

Concept View Realised in SysMLby
Stakeholder Requirements view «actor»
Process behaviour view «swim lane»
Stakeholder view «block»
Activity Process structure view « block »
Process content view «operation»
Process behavioural view| «activity invocation»
Artefact Process structure view « block »
Process behavioural view «object»
Process content view «property»
Information view « block »
Process Processstructure view « block »
Process content view « block »
Process instance view «life line»

Table 13 Table showing mechanical consistency checks

The table in Table 13 shows the specific mechanical checks that should be
applied, based on the common elements within thesevenviews process
framework.

5.1.4. RelationshipBet ween ACREEveavi @ wislbe 06 S

Thereisacert ain amount of overl ap between the
ACRE approach. This is only to be expected as they both use a mdideed

approach. One of the aspestthat emerges when modelbased approaches are

used for different applications is that the same patterns r@ccur.

The ‘seven views'’ approach has an el ement
three views that represent this: the requirements view, the process instamc

view and the stakeholder view. These views can also be represented by the set of

ACRE views.

It should also be pointed out that because there is an overlap in the views that
are produced, this does not mean that they are necessary used for exactly the
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same purposes as the context of use is differertone is for process modelling

and one is for requirements modelling. For example, the stakeholder view in the
‘seven Vi ews approach |l ooks the same as t
in ACRE, howeverthey are used for slightly different purposes. In ACRE, the
stakeholders are identified purely to help to define contexts, whereas in the
‘seven Vi ews it is also used to identify

5.1.5. Summary of the venViews

The seven views may be summarised as:

1 The requirements view, that shows the rationale behind the process
model

1 The process structure view, that shows the ontology for the process
model

1 The process content view, that shows the library of processes available in
the process model

1 The information view, that shows the artefacts and their inter
relationships in the process model.

1 The stakeholder view, that shows the roles of all stakeholders in the
process model

1 The process behaviour view, that shows the logical andformation flow
inside each process

1 The process instance view, that shows how processes may be executed to
satisfy the use cases in the requirements view.

The next section shows and discusses each of these views for the system of
system requirements pracesses for the COMPASS project.

5.2.The COMPASSProcessModel

This section introduces the processes that have been defined for requirements
for SoSengineering. The processes have been described using the seven views
approach. Therefore, where the previous setion described the basi@approachto
process modelling, this section introduces thectual processes that have been
developed and which are intended to be used for SoS requirements engineering.

5.2.1. The RequirementsView

The requirements view for the SoSprocesses isbased on a subset of the ACRE
views. This has been done to ensure consistency and traceability between all the
various elements of the process model.

The elements from the ACRE ontology that are relevant here are shown in the
diagram below.
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~-fvalidates 1.* «block?
Scenario

~=ldescribes the context of

1. : 1. 1.

«block» 1.x 1. «block» : «block»
Source Element Need | Use Case
s elicited from :
e «block»
Context

Figure 68 Relevant elements of the ACRE ontology that realise the requirement view

The requirements view is typically realised bya set of use case diagrams but, in
the case of the COMPASS project, this has been enhancedhowing a number
of ACRE views as follows:

1 Source element viewto show the source references that are beingsed
on the project

1 Requirement description view, that captures the relevant requirements
from the source references

1 Traceability view - traceability from the needs to the source elements

1 Requirement context view,that shows the uses in context

1 Traceability view - traceability from the use cases to the needs

These views are shown below.
The Source Element View

The source elements that were useds basis for the work are shown in the
SysML block diagram below.

SEV COMPASS Source EIementsJ
«block» «block»
«book» «project document»
Pragmatic Guide to Business Process Modelling COMPASS Project Description of Work
«block» «block»
«standard» «project document»
CMMI COMPASS Requirement Set
«block» «block»
«standard» «standard»
ISO 15288 DoD System of Systems Guide
«block» «block»
«book» «paper»
Model-based Requirements Engineering Requirements Engineering for SoS

Figure 69 Source element view
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The diagram in Figure69 shows the sourceelement view for this work. These
source elements are:

1
1

Pragmatic guide to business process modellinghis is the book that the
approach to process modelling is based on [Holt2009].

CMM|, the capability maturity model integrated, that contains
requirements for two relevant proces®s. requirements development and
requirements management/CMMI2010]

ISO 15288 the international standard for software and systems
engineering life cycle processes that contain requirements for both
requirements engineering and nanagement[ISO15288:2008]

Model-based requirements engineering the book that contains the ACRE
approach to requirements engineering that is being used as a basis for the
COMPASS projecftHolt et al2011]

COMPASS project description of workhe appendix to the original project
proposal that contain the schedule and higtevel requirements of the
COMPASS proje¢DoW2011]

COMPASS Requirement Sethat was generated as part of the initial
COMPASS workshog€OMPASS2011]

DoD System of SystemsGuide that contains sections on both
requirements engineering and requirements managemen{DoD2012]
Requirements Engineering for SoSa paper that describes a highevel
approach to requirements engineering for systems of systems and, from
which, a numkber of requirements can be elicited[Lewis et al2009]

These source elements were used as the primary information sources for the
requirement description that were, in turn, used as the basis for the use cases
that define this work.

The Requirement Desc ription View

The source elements contained a number of needs, in the formrefjuirements,
which are relevant to the COMPASS project. These requirements were elicited
from the source elements and represented as requirement descriptions, an
example of whid is shown below.
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RDV Description of Work|

«requirement»
Develop guidelines for SoS approach

D

«requirement»
Capture and dissemintae in tool

«requirement»
Meet best practice

«requirement»
Validate guidelines

«requirement»
Develop guidance for requirements

D

«requirement»
Develop guidance for systems architecture

«requirement»
Develop guidance for systems integration

«requirement»
Develop guidance over-arching approach

«requirement»
Cover functional and non-functional

«requirement»
Manage requirements throughout life cycle

«requirement»
Manage change

«requirement»
Cover different levels of abstraction

Figure 70 Example Requirement Description View for the 'Description of Work'’

The diagram in Figure70 shows an example of some of the requirements that

were elicited from the source el ements, [
Work’”. The highest | evel r e q velinesgfan8a%t s h own
approach’ whi ch i s t hen br oken-level o wn i nt
requirements.

Each of these requirements has an associated description, for example the
description for the *‘ Manage requirements t

'Manageament of requirements throughout the life cycle @ih SoSand its
constituent systems will be covered.’

This description is taken directly from the source element texand is traced back
to the source element using thedrace» relationship in SysML. This taceability is
shown in the next section.

Traceability view - traceability from the needs to the source elements
The traceability between the needs and the source elements is represented

explicitly in the model using a traceability view, an example ofvhich is shown
below.

«requirement» «trace» «block»
””””””””””””””””””””””””””” COMPASS Project Description of Work

Develop guidelines for SoS approach

Figure 71 Example traceability view between needs and source elements

The diagram inFigure 71 shows how the SysML«trace» relationship is used to
establish traceability between two elements. In this case, the two elements are
the need and the source element.
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COCMPASS

equirementcontext view

The requirement context view shows the context of the requirements from the
point of view, in this case, of a single stakeholder.

Process owner context

ackno{n‘/‘ledged

@/

Case Study
Provider

Use model-based
systems
engineering

@/

Sponsor

Apply to different

types of SoS

-7 «extend»

collaborative

<<constrain>>

Provide guidelines
for SoS
requirements

<<constrain>>

<<constrain>>

Apply across
whole life cycle

Provide tool
support

/" «include»

dincluden

<<constrain>>

Comply with
best practice

Provide SoS
requirements
management process

o Provide SoS
requirements
__.--7\_ engineering process
=" «include»

i

Tool Provider

—

=0

Requirements

Enﬁer

Requirements
Manager

—1

Standard

|

Figure 72 Requirement context view for the Process Owner

The diagram inFigure 72 shows the @ntext from the point of view of the Process

Owner.

Each use case has its own descriptioassociatedwith it that describes a set of
requirements from the point of view of the Process Owner. For example, the
requi r e meusd case éas ¢ghe nfaleaving n g

‘“Provi de SoS

description:

Jhe Provide SoS requirements engineering process use case covers the

provision of the set of COMPASS Process model that considers

requirements engineering for system of systefs.

The use cases were based on tlmequirement descriptions from the requirement
description views and have, therefore, this traceability captured using the SysML
«refines» relationship.

The use cases presented here are essential to the whole project, as it is these use
cases that will be validated by the process instance views (sequences of
processes being executed to satisfy a specific use casdecause of the
importance of these use cases, further descriptions will be provided for the
process owner context shown inFigure 72 and two subsequent use case
diagrams that decompose two of the higthevel use cases from this diagram.
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The diagram inFigure 72 shows the context of the process owner, and the main

use case is concerned with *Provide guidel

The following use cases arealways p ar t of the *Provide gui

requirements’ use case and, t herefore, |

requirements of the project:

T *Provide tool support’ t hat states that
explicitly required and is relatedtothe* Tool Vendor’' stakehol c

T " Provide S0S requirements engineering p
set of processes related to requirements engineering, and is of interest to
the ‘Requirements Engineer’ stakehol der
T “"Provide So0S requiremesss, mbhagemequi pe.
set of processes related to requirements management, and is of interest to

the ' Requirements manager’ stakehol der.
The following use cases areconstraintson t he “ Provide guideld:@
requirements’ linsitethe evay stheat thee snaint Usee gase can be
realised and, therefore, must be satisfied to meet the requirements of the project:
T " Apply to different types of So0oS’, that
are applicable to the four classic type®f SoS(directed, acknowledged,
coll aborative and virtual) and is of T
stakeholder.
T “"Use -madeHd systems engineering’ , t hat

project uses a modebased approach and is of interest to the project
‘Sparnscestakehol der .

T " Apply across whole |ife cycle’, that e
can be applied across th&oSlife cycle.
T *Comply with best practice’, that ensur

are traceable back to best practice, whethelhis is formal standards, best
practice guidelines, publications, etc.

Two of the main use cases are broken down in to more detail on the following
diagram.

T *Provide S0S requirements engineering p
1 Provide SoSequirementsmanagement process’

Thefirst of these is described in more detail in the following use case diagram:
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Identify SoS
stakeholders

i«dnclude»

Provide SoS
requirements
engineering process

J «include»

Understand SoS to
constituent system
interactions

Understand
constituent system
contexts

Consider existing Y-~ «include»
systems first

/«include»

Consider
B multiple options
<<constrains>>

,/ <<constrains>>

\ > /
N Understand
SoS context

«include»

Define V&V
criteria

... from
requirements
Identify use
case sources

«includes

... from
capabilities

... from goals

Understand
context

Identify
stakeholders

i <inglude»
‘ainclude»

Define use
cases

Analyse use
cases N
A . nclude
Resolve
L. roblems
i «include» P!
... using formal N
scenarios

Figure 73 Detailed breakdown of 'Provide SoS requirements engineering process'

... using
semi-formal
scenarios

Identify
problems

U

the detail
engineering

ed breakdown C
process’ use <case

The diagram inFigure 73 s hows
requirements
owner context in Figure 72.

The main use case has four included use case

T ‘"1 dentsgdtfayk eShodSI d eeguires that allhsialketolder roles that
are associated with theSoS as opposed to the constituent systems, are
identified.

T “Understand SoS to constituent systems
interaction between the SoSand its associated constituent systems are

identified.

1T *Define V&V <criteria’, t hat requires 1
validation (it does whatit is supposed to do) criteria are defined. Thisan
be done i n t wo wagsmal' .sicema@r isoesmi (f o
sequence di agr ams i n Sys ML) and ‘
(mathematically provable).

T “Understand SoS cont BoSctontextis eddentbkeim st andi n
order to gain a highlevel understanding of the needs (goals,

requirements and capabilities) of theSoS This use case is constrained by
two use cases:
o “"Consider existing syst enexisfingr st ', t
solutions are corsidered before bespoke and nevbuild solutions.
o ‘Consideropmulomispl, e t hat ensures
solution are considered, rather than just a single solution.

t hat
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Il ncluded i n both of t hese constraints
constituent sy em context s’ t hat requires t h
requirements and capabilities) for the constituent systems are

understood.

Two of these use cases are concerned with understanding context and may,
therefore, be thought of as types of a genericusecasedJnder st and cont ext
includes four lower-level use cases:

T “Ildentify use case sources’, that requi
source for the use cases are identified. These source needs may be
requirements, capabilities or goals.

T * 1 de nsttiafkye h ol d e megires thathall cstakeholder roles
associated with the context are identified.

1T *Define use cases’, where the use case
the source needs.For some constituent systems the use cases could
already exist so in this case, we don’t need
constituent systems, but should understand and analyse them.

T “"Analyse use cases’, where the use case:
such as looking for conflicting use cases, complimentaryse cases,
common use cases, et c. This wuse case al

probl ems based on the analyses and t he

have been identified.

The processes that are defined as part of the COMPASS project must be able to
satisfy all of these use cases for tHeoSrequirements engineeringprocesses

The following diagram shows the use cases associated with th&oS
requirements management processes.
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Obtain

consensus

Configure
process artefacts

Obtain
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I «include» systems
|

winclude»
4 clude " «include»

Control process

artefacts ... for system

of systems

Manage
requirements

’r’ «include»
change

«incliide - - Monitor changes to

~inel i
«include» constituent systems

Provide SoS
requirements
management process
g p . «inelude»
AN «include» N
«include» N

Communicate
with stakeholders

Identify changes

\«include» }
\ to requirements

«include»
N Evaluate

h
/«include»
h

changes

Understand
constituent systems
RM processes

Provide
traceability

Take action

) N
more types here

Figure 74 Detailed breakdown of the 'Provide SoS requirements management process
The diagram inFigure 74 s hows t he detailed breakdown ¢
requirements managene n t process’ t hat was first i nt

owner context in Figure 72.
The main use case has five included use cases, which are:

T "Controlartefactd ¢c e gshat r e q u iartefacss that fare t al |l t
produced or consumed as part of the&SoSrequirements proces®s (both
requirements engineering andrequirements management) are identified,
managed and controll ed. This includes:
ensure that artefacts can be held under configuration management,
‘ Obtcensensus t hat atallgelevaatstakehbldersagree to the

requirements artefacts, and ‘' Obtain commitment’ t hi
stakeholders commit the time and resources that are required toealise

the SoS

T * Manage requirements change’ |, t hat re
requirements are identified and managed
for constituent systems’ or for syst

change management includes the following use cases:

o “"Monitor changes to consti tthe nt syst
constituent systems, as well as th8oSare considered.

o |l denti fy rcehcqpunigreesme n orequires thath allc h
requirements changes are looked for and identified.
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o “"Evaluate changes’, where the i mpact
assessed.
o " Takaction’ |, where the results of th
and appropriate action is decided upon.
T " Communicat e wi t h stakehol der s’ , It i

stakeholders are provided with information that is both appropriate for
their role and timely.
f “"Understand constituent systems RM proc
the constituent systems, in terms of monitoring and identifying
requirement, it is essential that their requirements management
processes are understood. Once this understanty has been established,
it is then possible to ensure that both the constituent systems processes
and the SoSprocesses can work together.
T “"Provide traceability’, t hat requires
appropriate traceability paths and mechanism to dscribe them.

The processes that are defined as part of the COMPASS project must be able to
satisfy all of these use cases for tH@oSrequirements management processes

Traceability view - traceability from the use cases to the needs

The traceability beween the use cases and the needs is represented explicitly in
the model using a taceability view, anexample of which is shown below.

Provide SoS
requirements
engineering process

] «requirement»
«refine» Develop guidance for requirements

Figure 75 Example traceability between use case and need

The diagram inFigure 75 shows how the SysMl«refine» relationship is used to
establish traceability between two elements. In this case, the two elements are
the use caseand theneedelement.

5.2.2. The Process StructureView

The process structure view identifies and defines all the concepts and
terminology associated with the processes or, in other words, it providesn
ontology.
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«block»
Formal Scenario
«block»
Semi-formal Scenario

constrainsi- ~avalidates 1 x

«block» *
Rule
«block» *
Source Element

s elicited from

«block»
Scenario

describes the context of

«block»
Use Case

[ «block»
Context
«block» «block» A
Goal Capability
«block» «block»
Requirement System Context

1%

«block»
Stakeholder Context

«block» 1
System ~represents the need for

Figure 76 The standard ontology

The diagram in Figure 76 shows the standard ontology forSoSrequirements
engineering that has been introduced inFigure 2, therefore, no further
explanation is required. This ontology, however, does not include any of the
processrelated concepts that are required to be understood in order to define
the processes. The following diagram expands the standard ontgjg to include
these concepts and termslt should be noted that the following diagram forms
part of the ontology and, as such, may be shown on the same diagram as the
standard ontology. For readability reasons, only the new concepts are shown

hereandhowt hey r el ate back to the standard

PSV Process concepts|

«block»
,,,,,,,,,,,,,,,,,,,,,,,,, Life Cycle Interaction Point

«block»
Life Cycle

«block» 1 = describes the evolution of 1.%
System

is executed during e

1<assesses the execution of 1 «block»
Gate
1.
«block» «block»
Process Execution Group 1x Resource

1
= describes abilities of
is executed during A
consumes A
1. 1 1
«block» «block» «block»
Process Person Competency Profile
1.* 1
1
. 1. 1
«block» 1__ﬂproduces/consumes]_ «block» is assessed against v
Artefact = Activity
1% 1is responsible for A 1
«block» 1 ~<holds «block»
Stakeholder 1 1| Competency Scope

requiresi-

Figure 77 Expanded ontology showing process -related terms and concepts
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The diagram inFigure 77 shows the expanded ontology, that may be described
as follows.

Any ‘' System’ (remembering that thSoS can be
has one or more ‘Life Cycle’ associated wi
‘ Sy s twvermime. A single System may have any number of Life Cycles
associated with it, depending on the context of the system. For example:
1 A product ‘Life Cycle wdescribds the evolution of a single product,
or system.
1 A project'Life Cycle , wdbscribds the evolution of a single project.
1 An acquisition ‘Life Cycle |, w Heiscrides the evolution of the
procurement of one or more systems.
1 Anoperational‘'LifeCyclée , t hat des donofdsgsdgemtddrieg evol ut
its operational life in the field.

Sweh a'Life Cyclé may have complex interactions that can be represeatl as'Life

Cycle Interaction Points. It is important to understand these interactions,
particularly when considering SoSs wher e one *“Life Cyc
dependent on another. For exampl e, i f
coming to an end and its highetevel SoSstill requires its use, then problems

may occur.

| e
t he

Any ‘Life Cyclé is made up of one or more Stagd * S te@egents a discrete
time period that describes a specific phase of d.ife Cyclé. Each ‘Stageé is
typically defined by the context in which the'Life Cyclée is being used.

Before a‘Stageé can be exited for ay reason, it must pass through aGate. A
‘Gateé is a special type of review that must be executed before any orfgtage
may be exited.

A number of ‘Process Execution Groupmay be executed during eaclStage. A

‘Process Execution Groupepresents a distinct set ofo n e o r Prooess theat

are executed for a particular reasonEach ‘Process Execution Groupmay be
defined based on function (so there may be a ‘component Xrocess Execution
Group), or by working area (so there may be 'software' ‘Process Execution
Group), amongst others.

One or mor e Process I's executed during e.
A‘Process describes an approach to achieving an erehd is made up of:
T One or more ‘ Acti vity’ that mustédbé domedmp r esent s
realise a ‘Process. An ‘Activity’ produces and consumesone or more
‘Artefact’ and has a'Stakeholder that is responsible for its execution. An
‘Activity’ also uses one or moréResource.
T One or mor e ‘ Ar t e fsamething that ishpeoduced @ pr es ent

consumed by anActivity .
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1 One or more* St ak e h olrepeesents thhehrald of any person,
organisation or thing that has an interest in the system of project.

A ‘Resourceé is anything that is used by arnActivity’ within a ‘Process. Types of
‘Resourcé include: a‘Persor, a room etc.

A ‘Person i

takes on a number of'Stakeholder
Profile’ associated with it that cefines the actual ability of that‘Person. A

S an

i ndi

Vi

dual

r.oElaoh ‘Person has a ‘Competency

human Ba&ghPerspn and i s

‘Competency Profilée may be generated at the output of a competency
assessment exercise that uses‘@ompetency Scopeas its input A ‘Competency
Scope defines the abilities that are required for a specifi¢Stakeholder

5.2.3. The Process Cntent View

The Process Content view presents the library of processes that aagailable to

the stakeholders.

. ol

e

The following diagram shows the Process Content View, in the form of a SysML
block diagram, for the COMPAS8ocesses.

PCV COMPASS Requirements Processes - S\mplifiedJ

«block»

System of Systems Requirement Process

o

«block»
System of Systems Requirements Engineering Process

«block»
«process»

SoS Requirements Development

«block»
«process»

Context Process

«block»
«process»

Verification and Validation Definition Process

«block»
System of Systems Requirements Management Process

«bl

«process»
Requirements Change Process

lock»

«block»
«process»
CS Process Analysis

«block»
«process»
Requirement Control Process

«block»
«Process»

Requirements Monitor Process

«block»
«process»
Traceability Process

Figure 78 Simplified view of the Process Content View for the System of systems Requirement

Process

The diagram in Figure78 shows the processes that have been defined for the

‘' Syst SystemsRequi rement

Process

It

classification of process, each of which has a number of processiefined.

c

an be

The first classification covers the development of requirements and is named the

‘System

of

subtypes:

Validatio n

Def i

Syst ems

t he

ni

ti

Requirements

Engineerin

‘ Be0VSe | PhepgmedrncteEsne nt § h e

on

Process
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The secondclassification covers the management of requirements and is named

the ‘System of Systems Requirements Manage
five subtypes:ithe * Requi r ement stheCh'aReggeu i Rreameend ss’ ,Mo |
Procethe’ ‘"CS Process thhena'l Yrsa sé a lpanadibéeys sRr oc e
‘Requirement Control Process’ ,

Each of these processes is defined in terms of its:

Name, as indicated irFigure79

The artefacts produced and consumed by the process, represented as
SysML properties.

1 The activities carried out by the process, represented as SysML
operations.

1
)l

Each process may, therefore, be regsented as a single SysML block that shows
its name, artefacts and operations. An example of this is shown in the following
diagram.

«block»
«process»
Requirements Change Process

«artefact» Change request

«artefact» Change record

«artefact» Requirement element
«artefact» Review record

«artefact» Requirement model

«activity» identify change(s)

«activity» assess internal/external impact
«activity» evaluate internal change(s)
«activity» evaluate external change(s)
«activity» change review

«activity» take action

«activity» resolution review

«activity» baseline

Figure 79 Expanded view of a single process, represented as a SysML block

The diagram inFigure 79 shows an expanded view of a single process that is
represented as a single SysML block. A full expanded view of all the processes is
shown inthe Annex

5.2.4. The Stakeéholder View

The stakeholder view shows a classification hierarchy of the stakeholder roles,
represented as a SysML block diagram.
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SCDV COMPASS Stakeholders|

«block»
Stakeholder

«block»
Development

«block» «block» «block»
Sponsor Standard Reviewer

Figure 80 Stakeholder view showing classification of stakeholders

The diagram inFigure 80 shows the stakeholder view for the project.

The stakeholders that are involved with the SoSrequirements process are
described as:

T
T

R e s erathat fepresents the role of the people who are carrying out
research as part of the COMPASS Project.

“Pr oc es s thdtorepeesehte the rple of anyone who is carrying
modelling as part of the COMPASS Project.

‘“ Pr o c e s shatoepresents the role of the peple who will be the end
users of theSoSrequirements processes that are produced as part of the
COMPASS$roject. This forms themain context for the process definition
work on the project.

‘“Process Ahatt repmeaents thé yole of the person who is
interested in automating the final process output from the process model.
‘Case St udtpat repregsents the molé of the projects partners
who will be applying the SoSrequirements processes on case study
projects.

‘“Requi r e me n that repesents ghe role pf the people who are
responsible for aspects of requirements management in theSoS
requirements processes.These responsibilitiesare shown in the process
behaviour views using the swim lane mechanisnit should be noted that
this will involve both systems of systems requirements engineering and
SoSmanagement processes.

“Requi r e me n tthat represgnisrihe eole of ,the people who are
responsible for aspects of requirements engineering in theSoS
requirements processes.These respamsibilities are shown in the process
behaviour views using the swim lane mechanism.
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1 * Re v i thateprésents the role of any people who are responsible for
the reviewing activities in the SoSrequirements processes.

This is not the complete list of thestakeholders but is limited to the stakeholders
who take direct involvement in the processes. A full description of all
stakeholders can be found irthe Appendix

5.2.5. The Information View

The information view shows the main artefacts associated with thprocess and
the relationship between them. The following diagram shows an information
view for the system of system requirements process using a SysML block
diagram.

IV COMPASS Requirements ProcessesJ

«block»
CS Process Model

{incomplete} 1) v

«block»
Process Model

«block»
SoS Process Model

«block»
Source Process

abstractsh 1 «

«block»
Definition Rule Set View

«block»
Control Point
«block» =l provides monitoring point for
Source Element View

develops and manages v

«block»
Context Definition View 1*
«block»
Requirement Model

«block»

~=captures review results of1..*
Review Record

«block»
Requirement Context View

«block»
Exception

1 ~gidentifies problems with

«block»
Requirement Description View 1.

«block» «block»
Requirement View Traceability View
«block»

Validation View 1.*
1

~<shows traceability between elements in
«block»
Validation Interaction View

1.%

«block» 1> «block»
Requirement Element |1 * Change Request
1

~fidentifies change i

«block»
Context Interaction View 1

«block»
Test Coverage View ~=lrecords change in

Change Record

L

Figure 81 Information view for the SoSrequirement process

The diagram in Figure 81 shows the information for the system of system
requirements process where each artefact is represented as a SysML block.

The ‘ RequMordeemhéntrepresents al | t he i nfor |

concerning requirements that i's developed
Model.

The *‘ Requirement Model "’ is made wup of one
represents the system from a specific perspeiste and that form the framework

in ACRE E&Redqui‘r ement Vi ew’ is made up of on
El ement’ tkan orpolecgind al el ement that mak:
Model ' . Examples of a ‘'Requirementt: EIl emen
needs, scenari os, source el ement s, et c. An
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are identified by a number of ‘“Change Regq
request’ I S recordedThien ‘alra€bahgki tRecbvdr d
traceability betweenonre or more ‘' Requirement EIl ement’

The “‘Process Model’ abstracts one or mor e
for example a ‘'"CS Procesatc. Model ', a ‘' SoS P
A *Review Record’ captures the output of

‘Reguement Model’', and any problems with th

by one or moAer °‘ EX’'asesq@rethiogrinat.happens that is out
of-the-ordinary and resultsin aprocess no longer being able to continue.

Each of these artefacts maalso have its own individual information view that
describes the internal structure of each artefact. At this point in time, these have
not been fully defined.

5.2.6. The Process Behaviour View

Each executable process that has had its structure defined in theopess content
view must have its behaviour defined in the form of a process behaviour view.
The process behaviour view describes the flow of control and artefacts inside the
process and also shows responsibility. The process behaviour view is realised
using a SysML activity diagram.

System of systems requirements engineering process -031 3 2ANOEOAI AT O
Development 6

Themain aim of t he DévSopBentRegmuocesnenits t o perf
of the requirements engineering at theSoSlevel. This involves defining the

contexts at SoSand constituent systems level and identifying the relationships

and interactions between them.

This process calls wup bot BoSanth eonstituBd nt e x t P
systems | evelsgt iaomd darme Valeirddtii on Definiti

«block»
«process»
SoS Requirements Development

«artefact» Source

«artefact» Context definition view

«artefact» Requirement model

«artefact» Context interaction view

«artefact» Validation interaction view

«artefact» Review record

«activity» identify SoS stakeholder contexts
«activity» identify SoS constituent system contexts
«activity» select constituent systems

«activity» invoke ‘context' process for SoS
«activity» invoke 'context' process for CS
«activity» review

«activity» identify interactions between SoS and CS
«activity» baseline

«activity» identify source elements

Figure 82 Expanded view of the 'SoS Requirements $ A O A1 T brodelssO &
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The diagram inFigure 82 s hows t he expanded view of the
DevelopmentPr ocess’ t hat was digurea78 Batedartthisa hi gh
process, the behaviour is shown ithe following diagram.
«block» «block»
Requirement Engineer Reviewer
[ ]
«activity»
«block»
W Source Element View
Edentify SoS stakeholder contextsj Edentify SoS constituent system comextsj
«block»
Context Definition View
«block» select constituent systems
Requirement Model
Requirement Model
[more constituent systems]
[no more constituent systems] \L
«block» «block»
%ﬁdemify interactions between SoS and CS
[fail - interactions] Rev(i;lillvog(:cord
[fail - contexts]
«activity»
baseline [pass]
®
Figure 83 Process behaviour view for the 'SoS Requirements Development ' process
The diagram in Figure83 s h o ws t he process behaviour \
RequirementDevelopment process using a SysML activit

The process begins

Element View and then identifies both the SoSand the @nstituent System

contexts.
defined. The *‘Cont ex
‘“Requirementunddodel ’
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Once the contesthave been identified, then the contexts can be

t hen

wi t h whohdentifleRtleedSource e me nt s
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The next step is to define the context for each of the constituent systems by
invoking the ‘Context Process’ again, this
‘“Requirement Model’ i's then returned for e

Once compéte, the interactions between the systems of systems and the
constituent systems can be identified by comparing and analysing the

requirements model s. Thi s resul ts i n t he
l nteraction Vi ew’ and the ‘Context Il nter ac
These Vi ews ar e now reviewed and a ‘“revi e

positive review outcome, all process artefacts can now be baselindaly the
‘Requirements Manager'’

If the review outcome is not positive, then the process returns taentifying the
interactions between the systems of systems and the constituent systems.

A full description of all the artefacts and activities associated with this process
can be found inthe Annex

System of systems requirements engineering process - Qerification an d
Validation Definition Process 0

The main aim of the *‘Verification and Val.i
number of scenarios for each use case in a specific context. These scenarios may

be either semiformal (diagram-based) or formal (mathemaical-based) and

form the basis of the testing of theSoS These scenarios are defined for both

verification (it works) and validation (it does what it is supposed to do) for the

use cases.

«block»
«process»
Verification and Validation Definition Process

«artefact» Context definition view
«artefact» Requirement context view
«artefact» Validation view

«artefact» Test coverage view
«artefact» Review record

«activity» select context

«activity» select use case

«activity» define level of rigour
«activity» define semi-formal scenarios
«activity» define formal scenarios

«activity» review
«activity» trace to model
«activity» review coverage
«activity» baseline

Figure 84 Expanded view of the ' Verifi cation and Validation Definition Process'

The diagram inFigure 84 s hows t he expanded view of t
Val i dation Definition ProceskFgue78.Bas¢d was d
on this process, the behaviour is shown in the following diagram.
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«block»
Requirement Engineer

«block»
Reviewer

«block»
Requirement Manager

invoke V&V

select context

«block»

Context Definition View

select use case

«block»

Requirement Context View

define level of rigour

l l

[deflne semi-formal scenarios]

[deﬁne formal scenarios]

trace to model

«block»
Test Coverage View

review coverage

[coverage not OK]

«block»
Validation View

review

«block»
Review Record

[review OK] [review not OK]

«block»
Review Record

[coverage OK]

«block»
Review Record

«block»

Figure 85 Process behaviour view for the 'Verification and Validation Definition

Test Coverage View

\L «block»
© Validation View

Process'

T baseline

The diagram inFigure85s hows t he pr ocess Dbverificaton our Vvi e
and Validation Definition Process'using a SysML activity diagram.

The processhegi ns with the ‘' Requirements Engine
context based on theSoS' Cont ext Def i ni ti ogasiNgleaise’ , and
case from the ‘Requirement Context View’
Based on a higHevel assessment of the type of verificatiorand/or validation

required, the level of rigour is defined and then the scenarios (both serfibrmal

and formal) are defined, producing one or
These artefacts are now reviewed and a ‘r
outcome of thereview is positive, then the validations views are traced back

onto the model and a ‘Test Coverage View’

ensure that it covers all relevant parts of the model. Following a positive
outcome to the assessment, all the rpcess artefacts are baselinedoy the

Requ

i rements

Manager'’

If the outcome of the review of the validation views is not positive, then the
process reverts back to defininghe levelof rigour, and continues as previously.

If the outcome of the test coerage assessment is not positive, then the process
reverts back to selecting a use case and continues as before.
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A full description of all the artefacts and activities associated with this process
can be found inthe Annex

System of systems requirement s engineering process - @ontext Processb
ma i

The
De f

ni

t

n
i

ai
on

m of
Vi ew’ . Thi s

the " Context
process i

S

Process

a

RequirementsD e v e | o pnooess and may be applied at both th8oSand the
constituent systems level.

The diagram inFigure86s h o ws
was defined at a high level irFigure 78. Basedon this process, the behaviour is

«block»
«process»
Context Process

«artefact» Source element view
«artefact» Requirement description view
«artefact» Context definition view
«artefact» Requirement context view
«artefact» Validation view

«artefact» Review record

«activity» identify needs
«activity» elicit requirements
«activity» select context definition
«activity» define context
«activity» analyse use case
«activity» resolve problems
«activity» review context
«activity» define validation
«activity» review validation

«activity» baseline

Figure 86 Expanded view of the 'Context Process'

t he

shown in the following diagram.
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«block» «block» «block»
Requirement Engineer Reviewer Requirement Manager

invoke context definition

identify needs
elicit requirements

«block»
Requirement Description View

select context definition
define context

«block»
Source Element View

«block»

Context Definition View

«block»

Requirement Context View

analyse use case

resolve problems

. text «block»
review conte )
Review Record

[pass]

define validation
invoke V&V

«block»
Validation View

review validation

[fail]

[fail]

«block»
Review Record

[pass]
baseline

®

Figure 87 Process behaviour view for the ‘Context Process'

The “Context Process’ begins with the ' Reqg
set of needs basedon#h ‘ Source EIl ement Vi ew’ . A set
identified based on the ' Requirement Desc
selected.

An initial ‘Requirement Context View’ s
and any problem that are idenified as a result of the analysiare now resolved.

The *“ Reviewer’ carries out a review and a
outcome of the review is positive, then the validation process is involved and the

resul tant “Validation éeWwiiesww Rescomavi eiwse dp ra
Following a positive outcome of the validation review, all process artefacts are
baselined by the ‘Requirements Manager’

If the outcome of the review is not positive, then the process reverts back to
defining the context.
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If the outcome of the validation review is not positive, then the process reverts
back to
Pr oces-imvoked.s r e

defining the wvali

dat i

on

and

A full description of all the artefacts and activities associated witlthis process
can be found inthe Annex

System of systems requirements management process - ®equirements

Change Proces

The mai n
requirements, assess the impact and take appropti@ actions. This process may
be applied at both theSoSand the constituent systems level and can actually
invoke another instance of itself.

«block»
«process»
Requirements Change Process

«artefact» Change request
«artefact» Change record
«artefact» Requirement element
«artefact» Review record
«artefact» Requirement model

«activity» identify change(s)

«activity» assess internal/external impact
«activity» evaluate internal change(s)
«activity» evaluate external change(s)
«activity» change review

«activity» take action

«activity» resolution review

«activity» baseline

Figure 88 Expanded view of the 'requirements Change Process'

The diagram inFigure88s hows t he expanded
t hat was dRglre 78.eBdsedaoh this probessythe
behaviour is shown in the following diagram.

Process
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«block» «block»
Requirement Engineer Requirement Manager
[ ]

% invoke requirements change

«block» “dent h «block»
Change Request identify change(s) Requirement Model

assess internal/external impact

J

[no impact]

[internal and/or external impact]

| |

invoke requirements change

[evaluate internal change(s)j

evaluate external change(s)

«block»
Change Record

change review

«block»
Review Record

[fail]

take action

resolution review
fail
L «blockn
[pass] / Change Record
baseline
\ «block»
Requirement Element

[non- significant change
in requirements]

[significant change
in requirements]

invoke requirements control invoke monitor

O
Figure 89 Process behaviour view for the 'Requirements Change Process'

Theprocess begins withagdgéere ‘whreauiidemteinftise dMae
by receiving a change request. The next step is to assess whether the change is

either impacts the internal system, impacts the external system or has no impact,

which means:

1 In the case of a change tonaSoS the system 6 systems is considered the
‘“internal’ system and t he constituent
‘“external Ssystems.

1 In the case of a change to a constituent system, the constituent system is
considered the ‘i nS$o8irsnaddn ssiydse neemdh latnhde t‘h
system.
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1 In the case of no impact to either internal or external systems, then the
process proceeds immediately to the base lining activity.

Any internal changes may be evaluated as part of this process, but any external
changes require a secondinwc at i on of the * Requirements
results of this process may then be evaluated.

I n the case of an internal or external i mp
which is then reviewed, . rifedlewltdomenagbhei n a ‘R
review is successful, then action is taken and then reviewed, until the review is

passed.

If the outcome of the change record review is not positive, then the process
reverts back to assessing the change.

Finally, all process artefacts are baselinedyb t h e Requirements Mana
A full description of all the artefacts and activities associated with this process
can be found inthe Annex

System of systems requirements management process - @S Process
Analysis 0

The overall aim of the‘'CS ProcessAnalysis p r oscte srslerstand the
requirement management process of the constituent systems that make up the
SoS

It is important to monitor the requirements of the constituents so that any
changes can be identified and evaluated. In order to do thisere needs to be an
understanding of the requirement management process of each of the
constituent systems. This will be achieved by modelling each the requirement
management process and then mapping to the SOS requirement management
process. Once this mderstanding has been achieved and mapped to the SOS the
requirement management process, then a number of control points can be set up
that allow requirements changes to be identified periodically.

In the event that the requirement management process ofhe SoSand its
constituent systems are not compatible, then an exception is raised.
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«block»
«process»
CS Process Analysis

«artefact» Source process

«artefact» CS process model

«artefact» SoS process model

«artefact» Control point

«artefact» Exception

«artefact» Review record

«activity» identify CS requirement processes
«activity» model process

«activity» map to SoS processes

«activity» evaluate

«activity» set up control points

«activity» review

«activity» baseline

«activity» raise exception

Figure 90 Expanded view of the 'CS Process Analysis' process

The diagram inFigure90s hows t he e x p a nGbBrocessAnatysis of t he
that was defined at a high level irFigure78. Based on this process, the behaviour
is shown in the following diagram.
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«block» «block»
Process Modeller Requirement Manager
[ ]

|

invoke reqt process analysis

|

Edentify CS requirement pl’OCeSSBSJ

%process

«block»
CS Process Model

block»
map to SoS processes «
CQ SoS Process Model

evaluate
[problems] ) . «block»
raise exception .
Exception

[no problems]

e
set up control points

«block» .
. review
Control Point

«block»
Review Record

«block»
Source Process

[no more processes]

[more processes]

[fail]

baseline

invoke monitor

® 3
Figure 910 O1T AAOO AAEAOET 60 OEAx &£ O OEA O6#3 001 AAOGO 1

The process beginsvi t h t he * Process Modell er’ who 1
and then model it producing a ‘'CS Proces
then mapped onto the ‘SoS Process Model"’

whether or not the processes are comgtible and, if so, where they may be able

to interact. In the event that the two process models are not compatible in any

way then an ‘Exception i s raised and the
In the event that the process models are compatible, then one or moteCont r ol
Point’ i s set up that all ows the process
monitored for changes.

If there are more source processes, then the process reverts to the process
modelling activity, if not there is a review that result in the producton of a
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‘Review Report . Il n the case where t
the process artefacts are baselined and the process ends.

In the case where the outcome of the review is not positive, then the process
reverts back to the processnodelling activity.

A full description of all the artefacts and activities associated with this process
can be found inthe Annex

System of systems requirements management process - @equirement
Control Process 0

The overall aim of the'Requirement Control Processis:

1 To ensure that all information contained in the Requirement Model is
communicated to the relevant stakeholders

1 To ensure that the requirements model is reviewed and that a consensus
is achieved between the relevant stakeholders.

1 To obtain commitment from the stakeholders that the consensus is the
most appropriate way forward and to allocate suitable resources to
ensure that the requirements are satisfied.

«block»
«process»
Requirement Control Process

«artefact» Requirement model
«artefact» Review record

«activity» communicate information
«activity» stakeholder review
«activity» baseline

«activity» obtain commitment
Figure 92 Expanded view of the 'Requirement Control Process'

The diagram inFigure92s hows t he e x p a RdgeieementiCentvol o f

Process’ t hat was dRgire 78.eBdsedaoh this probeissy the
behaviour is shown in the following diagram.
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«block»
Requirement Manager

!

invoke requirements control

E:ommunicate informatiorﬂ

«block»
Requirement Model

stakeholder review

«block»
Review Record

[no consensus] - "
invoke SoS requirements

[consensus achieved] \l/

obtain commitment @

[no committment obtained] . .
[committment obtained]

baseline

«block»
Requirement Model

[first invocation [not first invocation
of process] of process]

invoke reqt process analysis invoke monitor

®
@

Figure 930 OT AAOO AAEAOQOET OO OEAx A& O OEA 22ANOEOAI AT O #

The process beginswi t h t he ‘ Requirement Manager'’ w
‘Requirement Model’ to a relevant set of
then hel d, resulting in a ‘' Review Report’ ',
from the stakeholders. If a consensusisnat bt ai ned, then the * So0S
Process’ i's invoked. | f consensus is obta

commitment to realise the requirements from the stakeholders. If commitment is
not obtained then the process reverts back to the stakeholdeeview, otherwise
all the process artefacts are baselined.

A full description of all the artefacts and activities associated with this process
can be found inthe Annex
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System of systems requirements management process - @equirements
Monitor Process 0

The aim of the'Requirements Monitor Processis two-fold:
1 To allow requirements from the constituent systems to be monitored for
change via Control Points.

1 To allow requirements from the SoSto be monitored

Should any change occur in either th&oSor any of its constituent systems, then
the Requirements Change Process will be invoked.

«block»
«Kprocess»

Requirements Monitor Process

«artefact» Requirement element
«artefact» Control point

«artefact» Requirement model
«activity» monitor SoS requirements

«activity» monitor CS control points
Figure 94 Expanded view of the 'Requirements Monitor Process'

The diagram in Figure 94 s hows t he e x p an Reqliremvente w o f
Monitor Pr oces s’ t hat was d diguren/8. Basedton this hi g h
process, the behaviour is shown in the following diagram.

«block»
Requirement Manager

invoke monitor

[every montior period]

| |

«activity» «activity»
monitor SoS requirements monitor CS control points,

[no change identified]

[change identified]

invoke requirements change

®
Figure 95 Process behaviour view for the 'Process Monitor' process
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Thi s process i s gui te straightforward an
ma n a gvaa monitors both the SoS requirements model and the constituent
systems control points for changes. Wh e n
Change Process’ is invoked, otherwise the

A full description of all the artefacts ad activities associated with this process
can be found inthe Annex

System of systems requirements management process - Graceability
Processo

The overall aim of the‘Traceability Processis to enable traceability to be set up
between any elements in the mdel. This may be used for the requirements
model but may also trace to any elements on the wideSoS model or its
constituent systemmodels.

«block»
«process»
Traceability Process

«artefact» Process model

«artefact» Exception

«activity» identify traceable elements
«activity» identify traceability paths
«activity» verify with model

«activity» set up traceability
«activity» baseline

«activity» raise exception

Figure 96 Expanded view of the "Traceability Process'

The diagram inFigure96s hows t he expanded view of the
that was defined at a high level ifrigure 78. Based on this process, the behaviour
is shown in the following diagram.
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«block»
Requirement Manager

invoke traceability

identify traceable elements

«block»
Process Model

identify traceability paths

verify with model
[no problem

more elements]

[problem]
raise exception
[no problem - no more elements]
set up traceability Activity Diagram Node
«block» «block»
Traceability View Exception
.

[first invocation
of process] ...

[not first invocation
of process]

invoke monitor invoke requirements control

O
Figure 97 Process behaviour view for the "Traceability Process'

Theprocess begins with the ‘' Requirements Mal
el ements from the ‘Process Model’ and thei
This is then verified with the model, and there are three possible outcomes:

1 There are no problems, but here are more elements that need to be
traced, in which case the process reverts back to identifying traceable

elements.

1 There are no problems and no more elements, in which case the
traceability is set up with a f‘straceabi
artefacts are baselined.

T There are probl ems, in which an ‘“Excep
ends.

A full description of all the artefacts and activities associated with this process
can be found inthe Annex
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5.2.7. The Process Instance View

The processinstance views shows instances of sequences of processes that are
executed in order to satisfy a specific use case from the requirement views.

These process instance views are realised using SysML sequence diagrams, an
example of which can be seen in théiagram below.

SoS Requirements Engineering
process is called

Context Process is called

Verification and Validation
Definition Process is called

return back to Context Process

return back to SoS Requirements
Engineering

for each constituent system

execute the CS context
definition scenario

end loop when all CS are done
call up the Traceability Process

general SoS for SoS
:SoS Requirements Engineering ;Context Process||:Verification and Validation Definition Process

invoke SoS requirements /‘ ‘

| invoke context definition/‘ ‘

1 invoke V&V /H
3 I baseine 3
D‘ baseline !

CS context definition scenario seq

invoke traceability

Figure 98 Process instance view £ O OEA 63713 2ANOEOAI A1 6O %i CET AAOQET C

The diagram in Figure 98 shows a process instance viewf o r t he “*So0S
Requirement E n g i nhatesatisfreggthe fdlawmaq ase icases:

‘Provide SoS requirements engineering process,ldentify SoS stakeholders |,

‘Understand SoS context ,Define V&V criterid a brderstand SoS to

constituent system interactions This scenario shows the generic higtevel

situation that describes the whole of the SoS requirements engineering.

The SoS RequirementDevelopment process is called and, from there, the
Context Process is called to define the systems of systems context. This then calls
the Verification and Validation Definition Process and then control returns to the
SoS Requirement®evelopmentprocess.

For each of the constituent systems that make up th&oS the CS context
definition scenario is then executed.

When the SoS RequirementBevelopmentprocess is complete, the Traceability

Process is called up.
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6. Dissemination of the Framework and Proceses

In order to ensure the validity and applicability of the requirements framework
and processes described in this document it is essential that they be made
available to users so that they can be executed and user comments and feedback
gathered to allow the processes to be improved as necessary based on such
feedback. During the lifetime of the COMPASS project the requirements
framework and processes will be used by the industrial partners as part of their
case study work investigating COMPASS methodstasks T4.1.1and T4.2.2, and

as part of the industrial challenge problem in task T4.3.3.

The framework and processes will be disseminated to other COMPASS members

and to members of the COMPASS Interest Group (CIG) by means of Atego Process

Director (APD), a web-based tool supporting the capture and dissemination of
processes, as stated in the COMPASS ‘Descr

As well as allowing for process dissemination, APD also supports process
feedback. Users of processes held in APD will belalio submit comments and
feedback on the processes directly in APD. Any comments and feedback can then
be used as inputs for improvements to the framework and processgshich will

be updated and reissued through APD.
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7. Conclusions

This report has presentel a set of processes for the development and
management of requirements for Systems of Systems.

The report has taken a modebased approach, enhancing traditional
requirement engineering principles to the level of System of Systems. The report
has used, & its core, the ACRE approach to modélased requirements
engineering. The ACRE approach uses an ontology and framework to define a
number of views that may be used for requirements engineering for systems
engineering. This approach has been enhanced inishreport for use on Systems
of Systems. This included extending the ontology and adding two new views to
the standards set of ACRE views.

Based on the enhanced ontology and framework, a set of processes was defined

for requirements engineering and requiements management for Systems of

Systems. Amodebased approach to process model | i
views’ approach was wused to specify these

In order to ensure the validity and applicability of the requirements framework
and processes dscribed in this report they will be made available to users so
that they can be executed and user comments and feedback gathered to allow
the processes to be improved as necessary based on such feedback. During the
lifetime of the COMPASS project the regqeements framework and processes will

be used by the industrial partners as part of their case study work investigating
COMPASS methods in tasks T4.1.1 and T4.2.2, and as part of the industrial
challenge problem in task T4.3.3. The framework and processewill be
disseminated to other COMPASS members and to members of the COMPASS
Interest Group (CIG) by means of Atego Process Director (APD), a wedsed
tool supporting the capture and dissemination of processes which also supports
the capture of user feedbak.

While all of the requirements engineering processes are described in this report,
the full underlying model is not; due to the volume of information contained in
the requirements process model, a summary of the key views was presented
here, with a full definition and textbased output of the model being made
available in the form of an Annex to this document.
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Appendices

Appendix |

Appendix | contains the full model of the requirements processes described within
this document. Given the size of this model it is contained in a separate Annex to this
document.

See documieAppendxb2 1. 1
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Appendix I

This appendixcontains a brief summary of the processes that were produced as
part of this deliverable.

These processes will eventually be delivered using an electronic implementation

in Atego Process Director. In the interim, some of the process end users may find
these summary sheets useful.
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System of systems requirements engineering process -031 3 2ANOEOAI AT O
Development 6

The main aim of tDBeveéelSopooRsigioperfammostt s

of the requirements engineering at theSoSlevel. This involves defining the

contexts at SoSand constituent systems level and identifying the relationships

and interactions between them.

This process <calls wup bot BoSdantd eonstittd nt e x t P
systems | evelsgt iaod drme Valeirddtii on Definiti

«block» «block»
Requirement Engineer Reviewer

«activity»
identify source elements

«block»
Source Element View

invoke SoS requirements

3
| |

Edentify SoS stakeholder contextsj Edentify SoS constituent system comextsj

! !

«block»

Context Definition View

invoke ‘context' process for SoS

invoke context definition
select constituent systems
invoke 'context' process for CS

invoke context definition

«block»
Requirement Model

«block»
Requirement Model

[no more constituent systems] \L

. . . «block» «block» -
identify interactions between SoS and CS Validation Interaction View Context Interaction View review
- . block:
[fail - interactions] (.( >
Review Record

[fail - contexts] ‘

[more constituent systems]

«activity»
baseline

invoke traceability

[pass]
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System of systems requirements engineering process - ®erification and
Validation Definition Process 0

The main aim of the ‘“Verification and
number of scenarios br each use case in a specific context. These scenarios may
be either semiformal (diagram-based) or formal (mathematicatbased) and
form the basis of the testing of theSoS These scenarios are defined for both
verification (it works) and validation (it d oes what it is supposed to do) for the
use cases.

«block» «block» «block»
Requirement Engineer Reviewer Requirement Manager
[ ]

invoke V&V

select context

«block»
Context Definition View

«block»

select use case Requirement Context View

define level of rigour

l l

[deflne semi-formal scenarios] [define formal scenarius]

review

«block»
Validation View

trace to model
«block»
Test Coverage View

«block»
Review Record

[review OK] [review not OK]

«block»
Review Record

[coverage OK] «block»
€ baseline Test Coverage View

\L «block»
© Validation View

«block»
Review Record

[coverage not OK]
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System of systems requirements engineering process - @ontext Processd

The main aim of the *Context Process’ s t
Definition View' . Tlkis$hptomays biesiavoa&edr i
RequirementsD e v e | o pnooess and may be applied at both th8oSand the

constituent systems level.

«block» «block» «block»
Requirement Engineer Reviewer Requirement Manager

invoke context definition

identify needs
elicit requirements

«block»
Requirement Description View

select context definition
define context

«block»
Requirement Context View
analyse use case

«block»
Source Element View

«block»
Context Definition View

. text «block»
review conte; )
Review Record

[pass]

define validation
invoke V&V

«block»

Validation View

review validation

[fail]

resolve problems

[fail]

«block»
Review Record

[pass]
baseline

®
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COCMPASS

System of systems requirements management process - ®equirements

Change Proces®

The main aim of

invoke another instance of itself.

«block»
Requirement Engineer

t he

‘Requirements

«block»
Requirement Manager

i

invoke requirements change

«block» dentify ch «block»
Change Request identify change(s) Requirement Model

J

assess internal/external impact

[no impact]

| |

[internal and/or external impact]

evaluate internal change(s) invoke requirements change

evaluate external change(s)

«block»
Change Record

change review

«block»
Review Record

[fail]

take action

resolution review

[fail]

[pass]

baseline

«block»
/ Change Record
\ «block»
[significant change Requirement Element
in requirements]

[non- significant change
in requirements]

invoke requirements control

invoke monitor
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System of systems requirements management process - @S Process
Analysis 0

The overall aim of the‘CS Process Analysis p r ascte singlerstand the
requirement management process of the constituent systems that make up the
SoS

It is important to monitor the requirements of the constituents so that any
changes can be identified and evaluated. In order to do this there needs to be an
understanding of the requirement management process of each of the
constituent systems. This will be acldved by modelling each the requirement
management process and then mapping to the SOS the requirement
management process. Once this understanding has been achieved and mapped to
the SOS the requirement management process, then a number of control points
can be set up that allow requirements changes to be identified periodically.

In the event that the requirement management process of th&oSand its
constituent systems are not compatible, then an exception is raised.

«block» «block»
Process Modeller Requirement Manager

|

invoke reqt process analysis

[de itify CS requirement proces: eg «blod
identify requi nt p St ) Source Process

model process

«block»
CS Process Model

map to SoS processes

«block»
SoS Process Model

evaluate

[problems]

«block»
Exception

[no problems]
e
set up control points

«block» .
. review
[no more processes] Control Point

«block»
Review Record

raise exception

[more processes]

[fail]

baseline

invoke monitor
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System of systems requirements mana gement process - @equirement
Control Process 0

The overall aim of the'Requirement Control ProcesSs:

1 To ensure that all information contained in the Requirement Model is
communicated to the relevant stakeholders

1 To ensure that the requirements models reviewed and that a consensus
is achieved between the relevant stakeholders.

1 To obtain commitment from the stakeholders that the consensus is the
most appropriate way forward and to allocate suitable resources to
ensure that the requirements are satisgd.

«block»
Requirement Manager

|

invoke requirements control

communicate information

«block»
Requirement Model

stakeholder review

«block»
Review Record

[no consensus] N
‘ invoke SoS requirements

[consensus achieved] \L

obtain commitment @

no committment obtaine
[ o [committment obtained]

baseline

«block»
Requirement Model

[first invocation [not first invocation
of process] of process]

invoke reqt process analysis invoke monitor
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System of systems requirements management process - @equirements
Monitor Process 0

The aim of the'Requirements Monitor Processis two-fold:

1 To allow requirements from the constituent systems that make up th&0S
to be monitored for change via Control Points.
1 To allow requirements from the SoSto be monitored

Should any change occur in either th&oSor any of its constituent systems, then
the Requirements Change Process will be invoked.

«block»
Requirement Manager

invoke monitor

[every montior period]
___________________________________________________________________________________|

$ $

«activity» ‘ «activity»
monitor SoS requirements monitor CS control points

[no change identified]

[change identified]

invoke requirements change

®©
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System of systems requirements management process - Qraceability
Processo

The overall aim of the‘Traceability Processis to enable traceability to be set up
between any elements in the mdel. This may be used for the requirements
model but may also trace to any elementon the wider SoS model or its
constituent systemmodels.

«block»
Requirement Manager

invoke traceability

%Edentify traceable elementsj «block»
Process Model

Edentify traceability pathsj

verify with model
[no problem

more elements] [problem]

raise exception

[no problem - no more elements]

set up traceability Activity Diagram Node

«block» «block»
Traceability View Exception
.
[first invocation [not first invocation
of process] ... of process]
invoke monitor invoke requirements control
@)
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