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This paper explores how scenarios and Goal-Oriented RequirementseErigg (GORE)
can be combined to achieve a stable set of requirements. Iressaly we explore how
requirements for a framework are derived from goals expressachumber of scenarios,
focussing on maintainability.

Scenarios have proven to be a strong tool in visualizing a futwdupt and thus the
requirements that describe its characteristics. Especiallye tmission-critical
characteristics are emphasized in scenarios, since they foctlseosssentials. Although
GORE poses serious concerns on the topic of scalability, it pfiyie terms of better
requirements and more satisfaction from stakeholders.

1 Introduction

“A good start is half the work;” in software engineering, a good staften interpreted as a stable set
of requirements that define the product to be realized. In this ,papeexplore the two problems
enclosed in this statement:

1) How to find requirements; there is a big gap between the stalexhohnd the architect,
especially when new types of products have to be made.

2) How to achieve to atableset of requirements; many projects suffer from requirentaats
keep changing.

We believe that a shared vision on the product is essentiatdm @ood insight in the requirements.
Therefore we take one step backwards and start with soemlat describe the product from various
viewpoints. In this paper we explore how Goal-Oriented RequiremEngineering (GORE)
techniques can be applied to derive requirements from these scenarios.

This paper is a deliverable in the context of the MOOSE ¢rr¢[MOOSE]). The MOOSE project
aims at to improving the quality and productivity of softwareettgpment through the development of
a framework of methodologies and supporting tools for the embedded domain. Te &cisigoal, the
MOOSE project (1) develops new methodologies or improves on existieg, and integrates these
methodologies in the framework, and (2) validates the framebprineans of case studies. In this
context, we do not aim at developing a new method, but focus on combining existing methods.

1.1 Terminology

"Scenario” and “goal” are concepts used in many different cat@xy., requirements engineering
[Jarke et al, 1998], and architecture evaluation [lonita etO82]2. Therefore we start with a domain
model to describe what we consider to be a scenario, and how it interkctshgit important concepts

in our approach. Figure 1 serves as a graphical companion to our explanation.

! The authors are members of the Software Technology program at Teehdisiversiteit Eindhoven
([OQTI]). They can be reached @atlelnooz@tue.rdndl.vrijnsen@tue.ntespectively.
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Figure 1: Domain model for concepts in the chosen approach.

For the construction of new products, it is important to look at dutl@velopments which we call
trends. Atrend is (the development of) one characteristic element gfossible future, e.g.,
“communication will become wireless” or “paper will be used as liglp@ssible, since it is considered
to be irresponsible to use paper”. Notice that not only technological trenddakiztso organizational
and social trends: “people will feel comfortable talking to a device”.

Obviously, a company that produces medical equipment is interestelifférent trends than a
company that offers solutions in document managementstakeholdergletermine which trends are
captured in a vision on a future product (family). Example sislkders are the customers, and
maintenance engineers.\sion is a personal image different for each of the stakeholdensental
picture that combines the selected trends into a solution.

However, the vision must be shared within the team that wilesponsible for the realization of that
vision. This is where scenarios can help ([Jarke et al, 1998{hid paper, acenariois astory (i.e. a
textual description) that (partially) describes the fusystem and its environment from the viewpoint
of one stakeholder. Please note that, by definition, a textualgi&stis ambiguous, scenarios are not
intended to replace requirements, but act as a carrier fatinggea shared vision. However, a textual
description helps icommunicatiorof the vision and thus in generating feedback and improving that
vision.

Every scenario visualizes a numbergaofals concerns of the stakeholders. These goals are the main
objectives that the stakeholders have in mind for the systeme tNat these objectives typically
concern functionality, but also quality attributes of the systebe tieealized. As an example, one of the
stakeholders may aim at a system that “supports at anythgneewest version of the PDF standard”.
The corresponding scenario will state that the systentohiaes extensible with respect to new versions
of this standard. In this example, extensibility iguelity attribute a property of the system by which

its quality will be judged by some stakeholders.

Typically, one goal results in a number of requirementeeclirementis a SMART demand on the
realization of the system.

In order to establish the link between requirement and artimégeave provide the reader with our
definition of a design decisiona (well-founded) selection of one alternative for the teetnic
realization of the system. Design decisions capture whatrdegigs really about: making choices
between alternatives. The sum of all design decisions definear¢hiégecture The architecture is

usually captured in a number of views (see [IEEE1471]).

2 SMART - Specific, Measurable, Accurate, Realistic and Time-bound.



Notice that these definitions fit in the model proposed in [IEEE14@d]the description of an
architecture. The vision can be interpreted as a high-bregitectural description, since it describes
the system, its mission and its environment. The scenarios pritvddifferent views on the same
architecture. Each of the scenarios covers a number of vietsgbiat belong to one (or more) of the
system’s stakeholders. Their goals are the concerns that are addnebese viewpoints.

1.2 Related work on scenarios

From the above domain model follows that we want to follow a sicedaven approach. Therefore
we focus at techniques for scenario-based requirements engineard take a look at use-cases, use-
case maps, and Goal-oriented Requirements Engineering techniques.

Scenarios are currently also used for evaluation of an anthged¢o determine how certain quality
attributes are met. We briefly describe this technique loesed how it can help us to steer the design
upfront and prevent us from having to re-design parts.

1.2.1 Use-cases and use-case maps

Our definition of a scenario resembles the notion of “use-cdsasi’ [UML]. However, a use-case
focuses more omow the system behaves in response to a request from a stakehldigeeas a
scenario focuses more ey the system behaves that way (i.e., the stakeholders’ gotlsréheo be

met). Use-cases can be derived from a scenario.

Use-case maps (UCM, see [UCM)]) present causal patksta of wiggly lines that enable a person to
visualize scenarios threading through a system without thergrem@atually being specified in any
detailed way (e.g. with messages). Figure 2 depicts how a UCM fits in thdafiguage.
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Figure 2: UCMs as missing piece in the UML puzzle (source: fAyot et al, 2001])

A UCM has clearly a strong relation with scenarios since it is antissg the system (more than a use-
case) and focuses on one event. However, UCM is a visual @mguhich leaves more to the
imagination of the reader than a textual representation. Worse, iesnapstrong focus on the technical
realization of the system, which may be less appropriate domunication with (most of) the
stakeholders. We feel that this focus on design should be podtpotierequirements are known, and
different design alternatives can be identified.

1.2.2 Scenario-based evaluation of a software architecture

[lonita et al, 2002] presents an overview of some scenario-ts=xfedlare architecture evaluation
methods: SAAM, ATAM, CBAM, ALMA, and FAAM. In the context of euation, a scenario
describes a possible modification to the system archite¢hedifferent techniques pursue different
goals with scenarios though, e.g., exploring modifiability (SAAM,AN, ALMA), exploring costs,
benefits and schedule implications (CBAM), or interoperability amtensibility (FAAM). Both



ATAM and the derived CBAM method use the notion of a so-calleitityuree” to make clear which
quality attributes are of importance and their relation to scenarios.

As the authors of the paper put it, the classical approach in englsaftware quality is “conformance
to requirements”; the scenario-based evaluation methods aiegstift focus of the analysis towards
estimating risks and uncertainty associated with the mgsteequirements, architectural decisions and
strategies.

As follows from the fact that they are meant for evaluatinchitectures, these scenarios are very
technical and very different from the type of scenarios wee hia mind. However, the clear link
between scenarios and quality attributes is very helpful, and is incagdnatur vision on scenarios.

1.2.3 Goal oriented Requirements Engineering (GORE): KAOS and GRL

Various papers (e.g., [Lamsweerde, 2001], [Anton et al, 2000], [\l 4998]) suggest that a goal-
oriented approach to requirements is a good one, since goals are more staiglguinements. A goal-
oriented approach starts with goals, and derives the requirememigifem. The definition of goal
matches ours: a goal is the intention of a stakeholdemgheerde, 2001] lists a number of benefits
for a goal-oriented approach, notably:

« Goals provide a precise criterion for sufficient completenéss requirements specification: in
order to cover all concerns of the stakeholders, every godl Imawe at least one requirement
associated.

¢ Goals provide the rationale for requirements, since they are dérora them.

* Goals provide indirect information on their stability: the higlemel a goal is, the more stable it
will be

* Goals drive the identification of requirements to support them.

We would like to add that goals could describe a whole family ofyatedrather than one specific
product for one specific customer. Also, often customers givé (tieev on) solutions rather than real
requirements.

Notice how well the above definition of goals fits in our defimtof the relationship between
scenarios and requirements. The author defines this relatidallaws: scenarios and goals have
complementary characteristics; the former are concreteativa; procedural, and leave intended
properties implicit; the latter are abstract, declarative, and intkaded properties explicit.

KAOS (see [Lamsweerde, 2001] and [KAOS]) is one sibling in thélfashGORE-methods. It uses a
semi-formal notation (or formal, using temporal logic) to mefgoals that the future system has to
achieve. [Lamsweerde, 2001] claims that the KAOS method has dpg#ied with success in 11
industrial projects.

However, in spite of its formal methods, KAOS seems to alefinements to be made in many ways,
probably with very different results. We did not find any guidalim®m how to perform the best

derivation. In combination with the amount of effort necessary ta feamal methods, we do not find

the formal approach helpful.

Another goal-oriented approach is provided by GRL ([GRL]). It add®letion between goals to the
model: some activities influence multiple goals. It is intémgsto notice that [Amyot et al, 2002]
combines GRL and UCM into a proposal for a new standard forsesmagion of requirements for
future telecommunication systems and services, called UserrBaguits Notation (URN). The goal-
oriented techniques from GRL are used to capture non-functionaleeguits, and the UCMs capture
operational and functional requirements.

1.2.4 The Customer Obijectives View in the CAFCR method

[Muller, 2003] presents a similar approach to requiremenizagsof a bigger architecting method

called “CAFCR”. The author states that a better understarafitige customer’s needs enables the
design of a better product (notice that goals are here naiguifor their stability!). Ideally, the trade-

offs in the customer domain become clear. For instance whattistleeoff between performance and

cost, or size and performance, or size and cost? The key drétbod articulates the essence of the
customer needs in a limited set of drivers.
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Figure 3: Example motorway management system key drivers (source: [Mar, 2003]).
The author formulates requirements in a number of steps (see Figure 3):

1) Stakeholders have so-called key-drivers (or: goals) that rdfleesisence of their objectives.
Examples are safety and care for the environment.

2) The key-drivers can be decomposed into high-level requirements to the dyatel@scribe
which activities are undertaken to enable the key-driver.

3) Finally, the high-level requirements are decomposed into requirements todletp

In addition to the goal-oriented approach by means of key-driverauther suggests to use scenarios
for the creation of a shared vision on the product and thus a product definition.

1.3 Approach

As pointed out in Section 1.2.3, GORE promises to deliver stablereatprits, good traceability by
means of the derivation and a clear rationale for everyrergant. In our case study, presented in
Section 2, we explore how a goal-oriented approach can aid in the desigarotadrk. We focus on
the quality aspect maintainability, since this is harder to establisteta performance.

We found that GORE indeed does offer good traceability and helpsgththe stepwise refinement.
However, we have our doubts about its scalability since even a small nungoaifexplodes” into a
tree with dozens of nodes; the graphical notation has both adwm@tagelisadvantages. Worse, we
did not find many guidelines on how to conduct the refinement steps.nTdikes the stability of
requirements questionable, since stability is dependent on theidefofithe requirements. In spite of
these shortcomings, we found GORE, in combination with scenarios, a good approach tandidgrs
the requirements that define the mission-critical charatiesiof the system to be realized.

2 Case study: a framework for prototyping

In our case study we consider the construction of a prototypingefvark on one of Océ’s products: a
controller for a family multi-functionals (a combination of pentscanner and copier). Researchers
from Océ have many ideas for new applications on this contrbile@re confronted with the need to
become familiar with many concepts before they can use the contooltbefr purposes. Additionally,
prototypes typically need a considerable amount of engineeringebtifey are turned into a real
product.

The case study is a 1.5 man-year equivalent project that aima@@@ prototyping framework for
the controller. This framework must capture the essentidtgeafontroller that allow building good
prototypes.
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Figure 4: Mapping of steps on the domain model (see also Figure hjymbers indicate Sections
below.

A framework is a set of semi-complete applications that carsgeeialized to produce custom
applications. As suggested in [Morisio et al, 2002], a framewaik a positive influence on both
productivity and quality of the software constructed from it. Hewebuilding a good framework
requires a thorough understanding of the domain and how the framevllode wsed. We explore
those by means of scenarios.

As depicted in Figure 4, we start by exploring relevant trematsare likely to show up in prototypes.
Together with the stakeholders, we selected the relevantaeased a vision and demonstrated that
vision in a number of scenarios. Analysis of the scenariddsya number of goals that are validated

with the stakeholders. They are the input for the definitiomegfiirements and subsequent design
decisions.

Please note the frequent involvement of stakeholders indfeetry that leads to goals. Following
Sections elaborate on the steps taken.

2.1 Observe relevant trends

The first step in the architecting process is determining, togeittethe stakeholders, what trends are
relevant for the controller. In the case of our framework, weragbdea number of technical trends that
will be interesting to Océ and are thus likely to be prototyPeatotyping will have to be fast in order
to test many alternative ideas in a short time, and will be achieved thraumisvaols.

2.2 Create a shared vision by means of scenarios

The resulting vision on the framework is described in a number of scenatesstaone for each of the
stakeholders. One scenario describes how a researchersréaizdeas about a networked application
with the help of our framework. It describes how he glues pietdsnctionality — both from the
framework and from other sources — together with a scripting language.

Another scenario looks at the framework from the viewpoint ofamtainer who has to ensure that
research prototypes continue to function even if the underlying product hagdliarigterface.

Apart from their role as source for the next steps in thetaatig method, the scenarios have proven
to be very effective in introducing our case study to new peoplein creating a shared vision. All
reviewers of our documents were supplied with a copy to providen twith the background
information they need to judge on the decisions taken.



2.3 Determine the stakeholders’ goals

In the analysis of the vision, we explore the added value ofrodugt: it explains the importance of
prototyping for creating new products and for generating feedbadke current architecture. This
helps in building commitment amongst the stakeholders.

Further, we analyzed the main challenges, and explored enabiimgolegy as a first draft of a
feasibility study.

The scenarios that describe the use of the framework provide a gdivg) giaint for definition of use-
cases as defined by [UML].

The most important part of the analysis aims at identifying the stal@kbgoals. In this analysis, we
answer the questiomhythe scenarios are the way they are by making the underlying objectives
explicit. In our case-study, we identify each of the three stakeholderoleyrrame and discuss their
goals and associated quality attributes (from [ISO9126-1)):

1) Researcher is the researcher who builds prototypes; he pratisyping on the controller to be
easier. This brings new functionality and ideas closer to develdpmanframework must enable
researchers to focus on functionality instead of how this funciignial incorporated in the
controller’'s workflow. Following quality attributes are applicable:

a) Functionality and more specifically:
i) Suitability: provide appropriate functions for researcher’s needs / Mejgct
i) Interoperability: how does it interact with the controller and applications?

b) Usability and more specifically:
i) Understandability: enable user to understand how the framework can be used
i) Learnability: enable user to learn bridge’s application

2) Maintainer is a researcher who has to maintain the frame(forknew prototypes); he wants
maintenance effort to be minimal. Nobody has time for extensi@mtenance activities; each
researcher building a prototype will probably do a little mamtee. The framework must have
maximal de-coupling from the controller, concise interfaces, and goaghreéntation. Following
quality attributes are applicable:

a) Maintainability, and more specifically:
i) Analyzability: capability of the framework to be diagnosed fordieficies or for parts to
be modified to be identified
i) Changeability: capability to enable a specified modification to be mmgaied
iif) Stability: capability to avoid unexpected effects of modifications

b) Portability, and more specifically:
i) Adaptability: capability to be adapted for different environment
ii) Installability: capability to be installed in certain environment

3) Engineer is someone from the Engineering department; he waitdypes to stay close to the
controller architecture. This facilitates easier traositdf ideas to development. The framework
must adopt the main architectural concepts from the controller.

2.4 Decompose goals into requirements
Now that we have identified goals, we can derive subgaals requirements from them.

If we look for example at the goal for Maintainer, we can splinto the two main causes for
maintenance: maintenance because of adding new functionalitis thiseéady present in the current
version of the controller (the “maintainability” quality), ommtenance because a new version of the
controller is released (the “portability” quality if we consider thetimdier to be a platform).

Then we can zoom in on the analyzability aspect of maintdityadind we come to requirements on
logging events inside the framework. The changeability asgectamtenance and the adaptability
aspect of portability are made concrete by means of chasgs-to be realized in a certain amount of
effort, e.g. “Offer proper support for moving a job (e.g., a gob) from one controller to another,

3 Subgoals are goals that are more specific than the (sldb)hey are derived from, but still not
precise enough to be requirements (see Section 1.1).



independent of the (difference in) releases.” Notice tiegte change cases are similar to the scenarios
that are employed for evaluation of an architecture (see Section 1.2.2).

Low Maintenance

Maintainability Portability

. - Adaptability
Changeability Analyseability

Loggin
- Change case
Maintenance doc

Figure 5: Graphical representation of the decomposition of goalrfihexagon); this fragment
reflects the decomposition of the goal “Low Maintenance”.

As in the KAOS and GRL methods, we tried a graphical notationfFigeee 5. This provides a bird’'s
eye overview of the relationships between goals, subgoals anderequats: deriving, sharing (the
Maintenance doc), or conflicting (not shown). Each of thels¢ioaships must be documented with a
rationale, e.g. “a maintenance document helps in determining where changés he made.”

The decomposition stops when we have reached requirements: measuratdbteldemands on the
realization of the framework.

2.5 Dealing with imperfection: an iterative approac  h

In spite of a thorough analysis, goals may not be formulatedcigri®uring the analysis of a design,
new information arises on the requirements: some may be ilMiéeasthers are simply missing. The
above examples are taken from the second iteration.

In our case study, the boundaries of the problem were unknown: researchdotshafverishes, but no
one knows what is really possible. Instead of spending a lot ofotintiee requirements, we decided to
start out with very thin scenarios that merely sketchedqytfads. In order to get more information on
the feasibility of certain directions, we used one week to exgle main characteristics of different
architectures based on this data. Upon presenting severaktites to the stakeholders, additional
requirements became visible: certain solutions had a clef@rgmee because of reasons that were not
mentioned before.

One thing that became obvious was that the framework shouldtréfe product’'s architecture to
enable easier transfer from the research teams to theeerigg teams. We added this stakeholder to
our analysis and captured his goals in a new scenario thatbdsshow the framework helps the
engineer to transform a prototype into a product. One of the goatffiet originally became obsolete
since our analysis showed that it was not feasible to rehizeWe also added a list of research ideas
that should be feasible with the framework.

Eventually, we reformulated all goals into the three high-level gwlan in Section 2.3 and derived a
new tree from them. Since we had more information on relevalitygatiributes, splitting could be
steered on the identified quality attributes. They were sudmliviaccording to [ISO9126-1] which
identifies subcategories for the six main quality attrihufgse standard helped as a checklist
covering the relevant areas, but unfortunately it does not provide mucin laieffining metrics.

We include Figure 6 to give you an impression of the differenceeeetihe information in the first
and second iterations. The difference between the two trees canthgaattto a number of factors:

* For more checklists of quality attributes, see e.g. [Muller, 2003].



* We had new insight in the goals of our stakeholders, reflected in newly definedgaahigher
level. Changing the roots of the graph obviously has quite some impact.

«  We re-used 12 out of 39 nodes from the first iteration (mainljuantional requirements), but
some of them were decomposed according to new criteriagitieis the false impression that the
second graph presents a whole different set of requirements.

Figure 6: Decomposition graphs in the first and second iteratins.

2.6 Heuristics applied

As already hinted by the previous sections, we do not employ any farleslin the decomposition of
goals since none could be found in literature. We realizelifsabtakes the end-result very dependent
on (the knowledge of) the person performing the GORE. Figure 6ssasva tangible proof of this
statement. We also realize that it is very hard to provideteaof rules that is applicable in every
application domain.

Instead, we applied a number of heuristics. Most gaps wezéd Bl asking a question that starts with
“how” (“How to make changing easy?”) or “what/which” (“Whicheaients must be re-usable?”).
Sometimes we made an abstraction triggered by a “why” question, as showniiist tteg of the case
study (Section 2.4). This corresponds to heuristics provided in [KAOS] anitefiy2003].

We tried using checklists like [ISO9126-1] to split qualityibtites into smaller concerns, but found
that they still leave a big gap to be filled. However, in tleosé iteration it helped us ensuring that all
relevant quality attributes were covered by requirements.

On the topic of maintainability, we found that change cases helpwiag the scope: “the system is
maintainable enough if we can perform change-case ‘port to new verdioim' two days”.

2.7 Tool support

In order to facilitate the method, we have an XML-file thetsas a database containing a description
of the (sub)goals, requirements and their relationships. When apglicalationships are attributed
with an explanation on how the refinement was made (e.g., by noti@hghere is an asymmetric
relationship, which causes two options to be specified independently).

Requirements and goals are specified according to the tenppéstented in [Volere, 2002], which
includes a rationale for every requirement, a referencelated quality attributes, and tests to verify
that the requirement is met. We identify different typesetdtionships: most relationships indicate a



refinement, some are inclusions (when a subgoal/requiremertasigdutes to another subgoal), and
some goals may be conflicting. The latter category should feduttp examined to avoid ending up
with an infeasible set of requirements.

We created a simple tddb transforms the XML specification into various useful representsiti

e A PDF file for easier reading

¢« An HTML file that can be embedded in the hyperlinked architecture documer(sg®malso
Section Beyond requirements)

e A graphical representation of the refinement steps; the numbeirngmeits gives a hint on the
level of specificity, the balance in the graph may indicate that somelgnasot yet received
enough attention.

e  Statistics on coverage, humber of tests, etc.

We feel that tool support becomes even more important when thef setuirements grows, and
(sub)goals may change.

3 Conclusion and discussion

We started this article with two questions: (1) how to get a set of rawgiits in the first place, and (2)
how to make it a stable set. Scenarios have proven to beng sbol in visualizing the future product
and thus the requirements that describe its characteristicsidiypbe mission-critical characteristics
are emphasized in scenarios, since they focus on the afseniese are also the characteristics that
are likely to hold for a whole product family, rather than only one product.

By means of scenarios, we explored the goals of the systémkshslders. Deriving requirements
from these goals, the relationship between requirements andcaltédes became very apparent.
Stability of these requirements depends however not only on thepamnding goals — which indeed
are stable — but also on tHefinition of subgoals. If these are changed, the new information ripples
though the subtree... with consequences for the requirements. Gamdséeration makes this
apparent. Therefore we feel that tool-support is neceseakgdp track of the — probably large —
number of subgoals and requirements.

The introduction of intermediate subgoals contributes to dfalty and coverage, but introduces a
concern about scalability. Especially the graphical represemtadicomes unreadable very quickly (cf.
Figure 6). The notion of subgoals introduces the option of a hierafchggquirements: a top-level
diagram may stop at the level of subgoals (“requirements”¢darponents. More detailed diagrams
can be derived for those subcomponents, with the subgoal frofophevel diagram as a goal in the
detailed diagram.

This solution improves the readability of diagrams, but does et #de number of items to be

maintained. Tool support will become necessary to track the quaisees of changes and to maintain
a consistent set. However, we do believe that the burden posebdnats pays off in terms of better

requirements and more satisfaction from stakeholders; indwestpgariences with KAOS (see Section
1.2.3) strengthen us in this belief.

3.1 Challenges encountered

We realize that the choices made during refinement steps dnravimpact on the resulting set of
requirements. However, we can only provide a small séteafistics(see Section 2.6) on how to
decompose, since they depend on the domain and the knowledge of theappigmy GORE. We
would like to point out that checklist can help in the refinemerd., the refinement of quality
attributes can be guided by subdivisions as made in [ISO9126-1].rféethe reader to document
every step taken, thus yielding a set of requirements thabedraced to their originating goals and
other sources. The use of change-cases for defining maintainabiljgs to use scenario-based
evaluation methods (see Section 1.2.2) as early as possible.

The graphical representation of the requirements by meahsg derivation tree gives quick feedback
on the level of elaboration. Even if this is only a hint (somdsgomy need more elaboration than

® This can be achieved by an XSLT-parser, a tool to transfor\L specification into a document
(be it XML, HTML, or an input file for a graph visualizer). Tools like TeletdgiDOORS also provide
information on traceability.



others), it invites to examine the set of requirements as a wtadkeer than only one-by-one. One
should be careful in attributing too much meaning to the graphépaiesentation though. As was
shown in the case study, the two iterations yielded very différees; a first glance gives the false
impression that they describe two completely different sets of esneirts.

The set of scenarios provides a powerful communication tool Wititakeholders. It sketches how
their concerns will be addressed and helps in focussing on the added value ojettte A mentioned
before, the scenarios do not contain enough information to contteucequirements. Therefore we
conducted a number of additional interviews to explore the meaning ajodd. This demonstrates
how the goals and subgoals were used as driver for the identificdtrequirements. Completeness is
an ideal that will never be achieved, but proper decomposition thiengoals ensures that the set of
requirements is complete enough.

3.2 Beyond requirements: the link to design

Requirements are choices that pertain to concepts in the problemndtanasaction speed, number of
copies, the reaction that follows pressing the green button, etignDiEeisions are also choices, but
pertaining to the concepts in the solution domain: network bandwidthincktary-interfaces, etc.
Both types of choices limit the realization of the systensgcifying what should be provided and
how.

Most refinement steps were made by asking the question “howdntfntied long enough, we cross
the border between problem domain and solution domain: “How can wersuomgtple operating
systems? Either by programming on a virtual machine (e.qg., the Javal Widahine), or by creating a
portable abstraction layer for the OS, or by ...”

Clearly, design decisions address requirements. If collected,ghesd solutions may help finding an

overall architecture that solves the requirements. This thiatsthe techniques applied in GORE help
in designing as well. However, it is important to realize twemnbining these patrtial solutions into one
product is far from trivial... and is steered by the higherlgemls. This leads us to shifting our

attention from requirements to goals.

3.3 Goals instead of requirements?

In Figure 4 we showed how our stakeholders were involved until thais gvere known, and not in
the formulation of requirements. Although this seems surprisiegfesl that it reflects the current
practice. Stakeholders tend to think in terms of scenarios tedlieed by the system, not in lists of
detailed requirements.

Scenarios show how the system’s vital features are employethieve a stakeholder's goals.
Requirements on the other hand, tend to have a technical focus that raomnbe small parts. This is
important for the realization of the system, but introduces aislgof loosing the context and thus
understanding of how each of the requirements contributes to the system.

In our case-study, the derivation of requirements served msrea tool to understanding the
stakeholders, than as an approach to construct a contract with thenstaimdiag the rationale behind
requirements helps in taking technical decisions that eventiealtl to a product that is accepted.
Especially in first-of-a-kind products, requirements are vergtilel The stability of goals makes them
much more suitable to steer the design, since design decisions shduddeal on quality attributes,
which can be directly linked to goals.
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