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Swedish Summary
Ett stort problem inom systemutveckling är att uppnå en gemensam förståelse
mellan utvecklare, kunder och slutanvändare om vad det är som ett nytt system ska klara av och hur det ska implementeras. Om man inte lyckas hitta rätt
krav på vad för funktionalitet ett system ska ha i början av ett projekt så leder
det ofta till att man får gå tillbaka och göra om stora delar av arbetet, vilket
resulterar i förseningar och ökade kostnader. Ett sätt för systemutvecklare att
minimera risken för att krav ska ändras under projektets gång, samt för att
se till så att systemet faktiskt fyller den funktion som man ämnar ersätta eller
underlätta i en verksamhet, är att i ett tidigt skede visa användarna vad som
håller på att utvecklas. Detta kallas prototyping, att implementera en lösning
delvis i syftet att illustrera viss funktionalitet hos ett framtida system. Den här
rapporten beskriver en metod för hur man kan återanvända tidigare utvecklade
system för prototyping. Huvuddelen av metoden är en mall för hur man kan
beskriva och kartlägga en stor mängd system som ett företag har utvecklat och
samtidigt hålla denna beskrivning sökbar, för att en utvecklare ska kunna hitta
flera olika system som implementerar samma funktionalitet på olika sätt. Det
är viktigt att kunna visa flera olika implementationsalternativ eftersom samma
funktionalitet — eller beteende — realiseras olika i olika system beroende på
vem användaren är och hur användarens omgivning ser ut. Baserat på denna
mall så utvecklas även en demonstator för att visa på hur ett sådant verktyg
skulle kunna användas av systemutvecklare för att hämta information om vilka
system som realiserar ett beteende, eller för att få inspiration om vad för andra beteenden som kan vara intressanta att inkludera även i det system som
håller på att utvecklas. Rapporten visar även på vikten av mänskliga kontaktnät inom ett företag, som används för att återanvända system och överföra
kunskap mellan invidider inom företaget, och hur ett sådant nätverk kan expanderas med hjälp av en mer systematisk återanvändningsmetod.
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Introduction

"Human beings, who are almost unique in having the ability to learn from the
experience of others, are also remarkable for their apparent disinclination to
do so."
- Douglas Adams, "Last chance to see"
Invariably, one associates the act of constructing something with the notion
that someone has performed very same deed before, and drawing on their
results instead of going through the same process of thinking, designing and
implementing a new — or even the same — solution. This concept is called
reuse, and different categories of reuse can be identified. One can either reuse
an artifact, as in applying something concrete that has been produced before
in new or similar situations, or one can reuse the knowledge and experiences
gained from solving a problem and applying that knowledge to solve a similar
problem quicker or better later. Both of these different kinds of reuse are discussed further in section 3.2. In this report, it is investigated when and how
one can utilize reuse — i.e. reuse some previous knowledge or products — in
the systems development process, and specifically how reuse can help make
the early stages of the systems development process more efficient.

1.1

Background

The foundation of this report originate from the discoveries brought to light by
Reality Labs, and their work with systems development and prototyping. Below
is an introduction to these areas, and a system model which is a leading topic
in this report. Finally, the target audience which are meant to be aided by the
product of this report are presented.
1.1.1

User-Centric Systems

A user-centric system is defined as a system containing a high level of user
interaction, and where the processes and functions are mainly driven by user
input, as compared to non-user-centric systems such as embedded control
systems or information display systems.
For example, a smart phone can be considered a user-centric system. In
that system, the user makes calls, actively searches for information and uses
applications on the phone. While some functions, such as receiving calls,
11
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may appear driven by the system, it is still the user who is actively involved
in exchanging the information relevant to that user. In contrast, an automatic
climate control system which regulates the temperature in an office depending
on the weather outside is not a user-centric system.
A distinction is made between the systems themselves and the process of
developing the system; user-centric systems are not to be confused with user
centered design (UCD). While a process, such as UCD, details a methodology
which instructs on how to achieve a desired result, the user-centric system is
the actual product and result.
User-centric systems which includes multiple users and multiple different
hardware components are called Distributed User-Centric Systems (DUCS).
For a more detailed definition of DUCS, see section 3.5.1. This report focuses
on user-centric systems, and specifically DUCS, and the development process
used to produce those systems.
1.1.2

Reality Labs

Reality Labs is an initiative at Combitech AB in Linköping. Their goal is to supply a creative environment where technologies from different business areas
and domains can be gathered and mixed. By gathering people with expertise
in these different technologies, they seek to make the process of developing
new systems more efficient. Reality Labs supply a library of "demonstrators,
prototypes, products, projects and platforms" [9], to assist in coming to grips
with a problem and choosing the right solution in the early stages of a development project. Reality Labs focus on systems with requirements on usability,
security and environment. Combitech and Reality Labs have strong connections to Saab Group and therefore they can provide expertise in many of the
systems and solutions offered by them.
During their work at Reality Labs, it has been realized that systems who
fall under the DUCS category often have key functionality and architecture in
common. Since Reality Labs is a relatively new concept at Combitech, the
library of prototypes and systems is still smaller than one would like — even
though it grows for each new assignment they take on — and the possibilities
for reusing previous solutions have not been fully explored.

12
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Prototypes

Benyon et al. defines prototypes as "a concrete but partial representation
or implementation of a system design".[6] Prototypes can be used as tools
to demonstrate a proposed solution with regards to design, functionality or
general concepts in a early stages of developing a new system or product.
The purpose of a prototype can also be to test that a solution works well with
end users before fully implementing a solution.
1.1.4

Intended Audience

The work presented in this report is directed towards system developers. These
are the people who in some way are working with designing and constructing
systems. This is regardless of what they are working with, be it the hardware
architecture or the interaction design or whether the systems produced are
compact systems, like one controlling a coffee machine, or a larger control
system for for example an automobile.

1.2

Purpose

The goal of this project is to find out how the early stages of systems development could benefit from a more systematic process of reuse. This includes
understanding how professionals work with reuse today, and how reuse could
be applied in different stages of systems development. It also includes researching how such a systematic method could be formed and what, if any,
tools or software are needed to make this method efficient.

1.3

Research Question

Given the purpose and the background, the following research focus has been
derived:
How can reuse improve the efficiency of developing distributed user-centric
systems, especially in the early phases of the development process?

13
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Scope and Limitations

As mentioned in section 1.1, this report is centered around the development
of Distributed User-Centric Systems, so development methods and processes
discussed will be limited to those which are used for systems with a high level
of user interaction.
This report does not cover potential security implications of system and
software reuse, e.g. reusing parts of a military system in a commercial product
which does not have as high level of protection and security as the original
military system. Possible implications, such as vulnerabilities in the original
system being discovered and exploited are not covered in this report.

1.5

Glossary

CAB
DUCS

HMI
MO/CO
MU
RAD
Reusability

SDLC
SDT
SSA
UCD
WMS

Combitech Aktiebolag
Distributed User-Centric System, a type of systems which involve mobile units and users; monitoring and controlling units
and users; at least one sensor and a network connecting them
all.
Human-Machine Interaction. The study and design of interactions and interfaces between users and machines.
Monitoring and Controlling Unit
Mobile Unit
Rapid Application Development
The degree to which a system, component or piece of software is deemed to be reusable, i.e. the level of ease when
attempting to reuse such a object.
Systems Development Life Cycle
System Description Template
Shared Situation Awereness. The combination of a distributed
perception of all users’ surroundings in a system.
User Centered Design
Warehouse Monitoring System

14
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Methodology

In order to develop the systematic reuse process mentioned in section 1.4, a
number of different techniques and methods will be applied. The combination
of scientific research publications, books, interviews and workshops will form
the foundation of the process, and will be supplemented with more literature
research if, and when, the need arises. See Figure 1 for an overview of how
the different methods will be combined.

2.1

Literature Study

The literature research will be conducted to find answers to questions about
why one should reuse, in general, when in a system development project one
can reuse and what is needed in order to enable reuse. Relevant scientific
literature such as articles, books and conference papers related to reuse and
other areas discovered during the project will provide the basis for developing
and revising a systematic method for reuse.

2.2

Interviews

Interviews with experienced engineers and system architects will be used to
find out how people within the company and industry work today, what their
views on reuse are as well as if and how they take advantage of previous
work when starting a new project. Specifically, the interviews will contribute to
understanding how a systematic method for reuse should be formed to fit the
way people work and what techological support they might need to improve
their reuse process. Their experiences and thoughts will be compared to the
information gathered in the literature studies.

2.3

Workshops

By looking at the type of systems relevant to Reality Labs at Combitech AB
and finding common features and elements the type of systems that will be
categorized and analyzed within the scope of this project will be defined. The
starting point for the definition will be to expand and formalize Jesper Tordenlid’s concept of DUCS, in cooperation with Tordenlid. Workshops with will

15
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also be conducted in order to write two fictional scenarios to describe potential systems of the DUCS type, which will be used to demonstrate the method
developed and any applications involved in that method.

2.4

Demonstration Application

Any type of tool or technological aid identified as a part of the developed reuse
process will be partly implemented to show the concepts and intended functionality of said tool.

Figure 1: The workflow of the project.
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Result

In the following sections an introduction to the current situation is made, presenting the state of current practices in software development, together with
troublesome aspects. Thereafter, the concept of reuse is presented, what it is,
how it can be used and where it is relevant in a systems development project.
Subsequently, a manner in which systems may be described to facilitate and
utilize reuse is detailed. Finally, a technical implementation of the system description method is introduced together with a explanatory usage walkthrough,
which in turns demonstrates the functionality.

3.1

The Current Situation

In the CHAOS report, published by the Standish Group, meeting users’ needs
and expectations is listed as the second most important thing in order to
ensure a project’s success.[4] Consequently, the needs and expectations of
those users needs to be specified correctly. Developing a system and realizing at a late stage that there is an discrepancy between a stakeholder’s
expectations of the system and the actual results can be very costly, because
changes in requirements often means the developers are forced to go back
and re-do previous work. Björn Rudin, Senior Technical Advisor and experienced developer at CAB, argues that the main reason requirements changes
during the course of a project is because they are not properly formed from
the beginning. Partly because the typical costumer does not have the time or
ability to explicitly state what he wants, and therefore there will always be some
form of alterations and additions to the requirements during the early phases
but also because there may be information regarding the domain or particular
business area that the developers are not aware of. According to him, the customer often means much more than what he says when describing a required
feature or aspect of a new system or product.[19]
Mikael Petterstedt has in his role as a Senior Interaction Designer experienced cases where the Human-Machine Interaction (HMI) department has not
been involved as early as he would have liked in the development process, and
as a result the need to rewrite the high level system specification has come up.
In some cases, this lead to a redesign of the system, while in others the cost
was deemed too high and an inferior product, from an HMI perspective, was
produced. He states that the longer the development process is allowed to
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progress before the right requirements can be identified, the more expensive
it will be to alter it.[17]
Göran Backlund, Business Developer at CAB, attests that the notion of
a common understanding, i.e. that the developers and customers share the
same vision of the project and interpretation of the system requirements, is
vital. According to him, a product in which the development team has failed
to understand its intended end users will end up as a failure because it will
be impossible or hard to use.[5] Rudin reiterates the fact that users often have
an inner model or understanding of how a product or system is supposed to
work, but may have problems expressing them. Lu et al. state that "defining
and specifying the requirements of a software system correctly is essential in
the software lifecycle since meeting stakeholder’s needs is always the principal
part for any project." [15] The way to ensure that the requirements are correct
is, according to both Rudin and Backlund, to work closely with your end users
early and throughout the development process, especially if the users do not
have a background in systems development. Continuously using prototypes
can, according to them, help users express their requirements. This process
is commonly known as prototyping.[11, p. 13-14] Rudin explains that the hidden knowledge mentioned earlier comes up naturally when the users have
something to look at, touch and give feedback on. Requirements obvious to
them but missed by developers can be identified and included in the project.
Jesper Tordenlid, Technical Manager at Combitech Reality Labs, also claim
that prototypes help the process of gathering requirements. In his experience,
it is not until you have something to touch, feel and look at that you know what
you want — and what you do not want — the product to be.[21]
While requirement drifts and changes often leads to increased costs, Backlund maintains that one has to be open to these changes. He says that some
requirements changes must be prohibited, while some changes have to be
allowed so that you are not confined to a specific solution. This is true especially for development projects, which typically has some element of research
in them, because their requirements are very hard to specify completely at
the beginning and are therefore inherently subjected to alteration. One must,
as mentioned, be aware of this fact and be prepared to handle it. According
to Tordenlid, in longer projects it is not uncommon that new techniques are
discovered and developed that would suit the project better and thus infer a
requirement alteration. Another reason for requirement change is requirement
interpretation, as Rudin puts it. Besides the unintentional misunderstanding
of requirements, different stakeholders can interpret requirements differently
18
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in order to get the most out of an agreement. Backlund reiterates the fact that
there is an business angle to handling requirements and that both developers
and customers usually wants to add or remove requirements, for different reasons. Again, this means that requirements must be open to alterations, but
one should aim to get the right requirements at the start of the project to avoid
unnecessary delays, costs and contract disputes.

3.2

On the Subject of Reuse

In essence the subject of reuse captures the process of using an object, a
design, concept or similar, which has previously been produced, again. Fundamentally the subject may be divided in two distinctive, however not mutually
exclusive, segments. Despite the two classes being very different they can be
applied in the same situation. The perhaps most intuitive of them is the concept of designing by reuse, in which one constructs something by utilizing
some method of reusing previously created material, processes or components. Designing for reuse is the concept where effort is focused on producing designs that will be reusable. [20, p. 80] Obviously one could combine the
two approaches and modify a given design in order for it to become a reusable
design, thus designing both for and by reuse.
Reuse is a very wide phenomenon, therefore it can be utilized on many
different levels, see Figure 2 for reference. Sutcliffe argues that the perhaps
most basic level of reuse is human memory, from the organization of information through knowledge to wisdom.[20, p. 8] The process of aggregating
information leads to the creation of mental models which depict a given problem, possibly in conjunction with its solution. At a later stage these mental
models may be utilized when facing an unfamiliar difficulty. Backlund argues
that in systems development, knowledge reuse is performed as an automatic
reaction.[5]
A natural step from reusing one’s own knowledge would be to make use
of other people’s knowledge. According to Backlund there is an effort made at
Combitech to describe, document and reuse good methods when producing
systems, which is an excellent example of reusing and sharing of communal knowledge, i.e. the knowledge within an organization.[5] In practice, this
method leads to reusing individuals over several projects, as they possess the
desired knowledge. At Combitech, when one has knowledge about a particular person who possesses specific knowledge or expertise, that person is often
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sought to be included in a new project. A hindrance may occur with this, since
it is not always the case that this person is available for a full commitment.
However, Tordenlid argues that you still want to have those people involved
in the project, at least by having a discussion in the beginning of the project
to gather their opinions on the matter.[21] Another issue is to get in contact
with the right person. Since people often are organized in tight social groups,
that move from project to project, outsiders have a hard time getting in touch
with a specific person, in order to access the desired knowledge from that person. Often today people utilize their social network to reach the right person, in
other words there exists a social link from the individual probing for information
and the source of the same. Backlund argues that it is these social structures
that holds a company together, not its products or systems.[5] Tordenlid concurs, adding that during the initial phase of a project it is important to involve
individuals who may possess the appropriate and desired knowledge.[21]

Figure 2: The different levels of reuse.

When transcending the limits of knowledge reuse one enters the domain
of artifactual reuse. Sutcliffe identifies three levels of reuse: the requirements
and business level, the system design level and the system software. The
first level contains a solution independent of technology, problem descriptions
and models of the domain.[20, p. 15] Alas, these three levels are detailed with
the perspective of software development, which is not always equivalent to
20
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systems development. Sutcliffe’s first level of reuse resembles what can be
identified as concept reuse. A concept details an abstract idea about how a
specific problem may be solved, gathered from analyzing a business need or
opportunity. Utilizing this knowledge may facilitate the process of formulating
a different problem, in the same manner that people form heuristics. By examining concepts one can draw insights from the problem and apply them again,
in its whole or with some alteration. Tordenlid and Petterstedt both mention
their practice of reusing concepts, or employing a specific mindset during concept development for a new system by identifying patterns or solutions from
previous systems.[21, 17]
The second level, presented by Sutcliffe, contains the solutions to the problems presented in the first level, regardless of its domain, in the form of a generalized design.[20, p. 15] In the perspective of systems development this can
be translated to the design, or architecture, of a system, which details the fundamentals of the intended implementation. This may include everything from
the structure of the communications network to the appearance of the graphical user interface. Architecture is defined by ISO42010 as the fundamental
organization of a system, formed by components and the corresponding relationships together with the context. Furthermore, they include the principles
regulating the development and design of the system.[13]
The final and third level contains the actual implementation of the second
level.[20, p. 15] This is perhaps the most common and mechanical level of
reuse. It includes software structures, such as classes, functions and other
fragments of code. Ideally, one would be able to copy different parts of different
programs and piece them together to a new product, fulfilling a new set of
requirements. One issue with reusing code in this fashion is that it seldom
retains any knowledge about the underlying problem. Even if one overcomes
the problems of finding code that could be relevant to reuse and understands
the actual functionality of that piece of code[18], the motivation behind why
the code solves the problem in a certain way is not always conveyed. Along
this line of reasoning reusing the most rudimentary entities of a system fails to
retain valuable information when one is deciding on whether the component is
meant to be utilized or not.
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Motivations for Reuse

Sutcliffe identifies the main rationale behind reuse as to save time and effort.
In the more traditional, non-software, kind of reuse the main reason is to save
manufacturing time by mass producing or buying a smaller number of component types and applying them in different products.[20, p. 4] Backlund concurs
in that utilizing reuse during systems development minimizes the time it takes
for something to go from an idea to a finished product, and consequently saving cost.[5]
As a consequence of the ability to swiftly produce systems one gains
the flexibility of quickly adapting to business opportunities and new circumstances. Sutcliffe agrees and credits the simplicity of reusing software for making it easier to respond to changes in costumer requirements.[20, p. 5]
Sandhu et al. state that "software reuse promises significant improvements
in productivity and quality".[18] In the systems development sense of this aspect, building by combining components leads to the introduction of a positive side effect, namely improved quality. As a result of reusing components
where the quality and functionality has been tested and assured, the system
in this case would preserve the inherent quality.
Tordenlid mentions training simulators at Saab Aeronautics as an example
where there has been focus to design for reuse, in the field of aviation. In the
past the simulators were constructed and provided by third-party companies,
while the actual system that were to be placed in the airplanes were developed
by themselves. This was the case until it was realized that they had access
to both expertise and information that was unavailable for external developers. Furthermore, the advantages of constructing the actual flying system and
simulator simultaneously was discovered. Consequently, the real system and
the simulators were based on the same ecosystem, which in turn provided the
opportunity to use the training simulators to test and evaluate the systems with
end-users much earlier to ensure system functionality and usability. Tordenlid
argues that this has lead to the development being done much quicker and
with better results, and terms this the "concurrent engineering" or "develop
once" process.[21]
A further advantage of utilizing reuse in the manner presented by Tordenlid
is the facilitation of maintaining the product, system or ecosystem. Instead
of managing several systems all efforts during the lifecycle may be directed
towards the unified system.
The common denominator to all of the above reasonings is the fact that
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all of them result in the reduction of expenditures during systems development, or through the system’s lifecycle. In other words employing reuse saves
resources, whether it be personnel, time or manufacturing equipment. Accordingly, this leads to saving money.

3.4

Reuse’s Role in the Project

Without adhering to or attempting to understand individuals’, in this case systems developers’, means of accomplishing their work tasks, any attempts to
produce a support will probably culminate in a system which is not usable.[6]
Hence, integration with the established manner of systems development methodology is crucial in order to ensure the success of reuse in a project.
3.4.1

Introducing the Systems Development Life Cycle

Since there exists as many adaptations of systems development methodologies as there exists projects, it is impossible to find the standard project. Petterstedt argues that one always adapts the employed method to best suit the
specific project.[17] However, the Systems Development Life Cycle aims
at capturing the most important phases in projects that are in some sense
conducted regardless of chosen methodology and type of project. Hence,
the Systems Development Life Cycle (SDLC) is used as a perspective when
discussing the implications of reuse on systems development methodologies.
The SDLC deals with understanding how an information system must work in
order to support an organization, designing the given system, constructing it
and finally delivering it.
The most fundamental phases are, as defined by Dennis et al., planning,
analysis, design and implementation.[11, p. 4-5] An illustration of the SDLC
can be found in Figure 3. Since this report considers the earlier phases of
systems development projects the two first phases, planning and analysis, are
the ones that are most interesting in the perspective of reuse. In the case
that there are underlying phases presented in the coming sections, only the
ones affected by introducing reuse is presented, the others are omitted for
clarity. Despite the focus, the rest of the life cycle will be roughly presented.
Besides those four elemental there are three processes under the implementation phase, testing, installation and a support plan accordingly, presented by
Dennis et al.[11] Tordenlid refers to the latter process as maintenance.[21]

23

3

RESULT

Towards Usable Reuse

Figure 3: The four basic levels of reuse in the Systems Development Life Cycle.

Planning During the planning phase the understanding of why a system is
ought to be designed is elaborated, and how implementation will be performed.[11,
p. 6] In itself the planning phase may be divided in several sub-phases, as follows; identifying the opportunity, analyzing feasibility and project staffing.
Employing reuse might help during the phase of identifying an opportunity
by spawning ideas in people’s minds when they are presented with systems
that others have constructed or a technology that has been utilized in a system.
Through reviewing a preconstructed system and comparing it to the purpose of the current project, one might gain insights to whether it is feasible or
not. If the system that one is reviewing succeeded in implementing a solution
and the initial problem is similar to the one faced currently, arguably reusing
that component would indicate a success even for the new project in regards
to the specified problem.
As mentioned in section 3.2, one way to utilize reuse is to involve the appropriate personnel. Therefore, staffing people that has previously worked on
similar problems and systems would further indicate a positive outcome.
Analysis During this phase four critical questions are dealt with; who the
user of the system will be, what the system will do, and when and where
the system will be operated.[11, p. 6] In essence it is a matter of detailing the
system functionality and its users. In this process reuse may be used to gather
inspiration from other systems. As in the previous example, by reviewing a
similar system, one could reuse the descriptions of functionality but alter the
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characterization of the intended users, making it an entirely different system.
Or perhaps the opposite, keeping the users from an existing system and using
them to form the basis of a new system.
Design Throughout this phase of the development the details of functionality
and respective implementation is produced. The products of this phase is often referred to as the systems architecture or design.[11, p. 7] Utilizing reuse
in this phase would primary involve selecting the best components from other
systems and constructing a composite architecture. This composite architecture could naturally deal with one or several parts of the system. For instance
it might be interesting only to reuse the physical part of the system, or only the
software and in turn introduce new hardware components such as sensors.
Another apparent aspect would be if the intended users differ greatly from
the users of the system that components are being pulled from, it could be
the case that only the user interface is altered. Furthermore, one could naturally reuse for example database structures, file structures or communication
protocols, if referring to the software architecture.
Implementation Arriving to the implementation phase, in which the system
is actually constructed. Reuse in this phase would primarily refer to the reuse
of actual hardware and software components.[11, p. 7-8] Thus, it would involve
the mechanical task inserting appropriate components in to the architecture,
reproduced from other systems.
While referring to the hardware it may involve purchasing previously defined hardware, which may be consumer products off the shelf. In the software
case it would imply duplicating code from another software.
Testing Dennis et. al recognize the testing process as one of the most
critical steps during the implementation phase, since it may result in the discovery and elimination of expensive defects in the system.[11, p.8] Accordingly, if
one uses components or systems that has been thoroughly tested a majority
of fallacies may already be eradicated. Another dimension of testing is the
classification of components, both software and hardware. Petterstedt mentions using previously security tested and classified hardware as a possible
means of utilizing reuse in the testing phase of a project.[17]
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Deployment Deployment, or installation, deals with the introduction of
the new system in the organization, and the discharge of the old, if existing,
system. Dennis et. al note an important aspect of this as establishing a training
plan which will introduce the users to the new system.[11] Both the actual introduction of a new system and the forming of a training plan for a system may
draw on previous experience. If the system has been installed somewhere
else the plan might only need slight adjustments to fit the new users. Furthermore, insights gained through previously deploying a system might give an
indication of pitfalls and favorable methods.
Maintenance After a system has been constructed and delivered it is often followed by some kind of maintenance, or denoted as support by Dennis et.
al, where the producer assumes responsibility of operations.[11] If the system
delivered utilized some form of reuse and thus shares components with other
systems a convening of maintenance resources could be made, according to
Tordenlid[21]. In other words, maintenance for two separate systems may be
handled by the same maintenance unit, thus eliminating the effort of having
two separate maintenance units.
3.4.2

Systems Development Methodologies

While the Systems Development Life Cycle is a conceptual and abstract representation of a collection of methodologies, the actual methodologies are
the actual plans of execution. These methodologies may emphasize different elements of the SDLC. Therefore, following this section is a presentation
to three different systems development methods, each presented with regards
to reuse’s contribution. However, no comparison or evaluation of respectively
method is presented.
Structured Design The first class of systems development methodologies
pertain linear, or sequential, processes and is designated by Dennis et al.
as the structured design category.[11] The perhaps most well acknowledged
methodology from this group is the waterfall development. In this methodology
the workflow proceeds sequently through the phases much like a waterfall,
hence the name. In Figure 4 the flow in the waterfall methodology is depicted.
Dennis et al. present the waterfall model having four distinctive phases,
exactly corresponding to the SDLC. Accordingly, the utilization of reuse will
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follow from the previous section where the fundamental phases of SDLC is
covered.

Figure 4: Waterfall method.

Rapid Application Development The succeeding class of development methodologies named by Dennis et al is Rapid Application Development, or RAD for
short.[11] This category of methodologies pertains prototyping, both in the
form of normal prototyping and throwaway prototyping. These two methodologies are perhaps the greatest beneficiaries of reuse.
The primary difference between the two prototyping practices is the longevity
of the prototypes in the process. In regular prototyping, the prototype is constantly refined and the outcome is used as an basis for the final implementation. In contrast throwaway prototyping is focused on creating design prototypes, which is not a working system but a product that illustrates a part of the
system. See Figure 5 for reference of the flow in the process. After a prototype
has served its purpose, exemplifying an intended behaviour of the system, it
is discarded. In a way it is an extension of an analysis phase, since every detail that is discovered through the prototypes lay as an foundation for the final
implementation.[11]
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Figure 5: Throwaway prototyping.

Introducing reuse in this methodology may involve reusing components or
whole systems as prototypes throughout the process. This concept is perhaps
most suited to throwaway prototyping since its attention is on demonstrating
isolated functionality. The functionality may be a component used in another
system or rather a complete system. Thus making it very simple to illustrate
characteristics since no construction is needed.
Agile Development Finally Dennis et al. present a third development practice, which is dubbed agile development. It is very similar to prototyping in the
sense that it focuses on simple, iterative development. In a systems development sense of it would be the focus of reworking the system, and making
incremental changes. This is in essence the same for systems development
as it is for the software development case presented by Dennis et al.[11] An
example illustration of an agile methodology can be found in Figure 6.
In this methodology reuse could be employed to illustrate functionality that
ought to be implemented in each increment of the system. Reusing components and systems may also help indecisive customers and end users when
extracting requirements.
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Figure 6: Agile methodology.

3.5

Fascilitating Reuse

With the many possibilities of reuse in mind, specifically the different possibilities of employing reuse as a method for requirements gathering and demonstration purposes, the finding and understanding of existing systems can be
identified as an area that needs improvement. The immense documentation
that usually exists is necessary to have, but, as shown in section 3.1, such long
documents does not make it easy to find and understand what the system can
do, on a more abstract level. In this section, a new way of describing systems
is introduced, namely the System Description Template (SDT). The idea of
this, the template, is to help system developers find what systems have been
developed before, and use these systems to show customers and intended
users possible solutions, ways of implementing a specific function and to help
users express their desires — both the ones they know about and give them
inspiration to what they would want if they only new such functions existed.
After one has filled the SDT, it should be able to be used as base for high level
requirements on the new system under development. The inspiration on how
the SDT is to be formed comes partly from the type of systems that this report
focuses on, DUCS, partly from wishes expressed in interviews and partly from
literature research on how to write requirements and system descriptions in an
understandable and reusable way.
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Definition of a Distributed User-Centric System

A Distributed User-Centric System (DUCS) is defined as a system which connects different types of users — mobile and stationary — with some form of
sensor over a network and lets them utilize the other users’ information relevant to them. Each user in the system has their own perception of their
surrounding environment, called a situation awareness. The combination of
all these different perceptions in the system, including what different hardware components perceive, and distribution of information between the different users and system components is called a Shared Situation Awareness
(SSA), which depicts the current — and past — situation that the users are
working with. Each user can have different needs of information from within
the SSA, and contribute in different ways towards building it up. Some users
may only get a small portion of all the data in the system and gather a lot of
information to contribute to it, while others monitor and view more or less the
entire knowledge stored therein and instead provide less of an input.
In the typical DUCS there are one or a few Monitoring and Controlling Units
(MO/CO) and multiple Mobile Units (MU), used by Monitoring and Controlling
Users and Mobile Users respectively. The main aspects that differentiates one
DUCS from another is the type of information stored in the SSA, how it is
shared, who uses it and how it is used. Other factors that may differ are which
domain and environment the system operates in.
This definition of DUCS was derived from analyzing different systems and
solutions offered by Saab Group and others. A number of attributes were identified that would differ between the different entities - MO/CO, MU, Network and
sensors - and requirements specified for what was allowed for each combination entity-attribute in order for a system to fall under the DUCS definition. For
details of the requirements put on each component, see Table 1. The DUCS
Model (see Appendix B) represents an overview of how the different parts are
connected and defined.
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Attribute/Entity
Position
Power
Mobility
SSA Impact

User
Interaction
SSA View

SSA View
Impact

Necessity

MO/CO
SHOULD NOT
be important
SHALL NOT be
limited
SHALL NOT be
mobile
SHOULD be
able to affect
the SSA

MU
SHOULD be
important
SHALL be
limited
SHALL be
mobile
MAY be able to
affect the SSA

Sensor
SHOULD be
important
MAY be limited

SHALL have at
least one user
(per unit)
SHALL present
a view of the
SSA
MAY be able to
present
alternative
views
SHALL be vital
or important

SHALL have
only one user
(per unit)
SHALL present
a limited view
of the SSA
MAY be able to
present
alternative
views
SHALL NOT be
vital, but
SHALL be
important

SHALL NOT
have direct
user interaction
N/A (no user)

Network
SHALL NOT be
important
SHALL NOT be
limited
SHALL NOT be
mobile
SHALL NOT be
able to affect
the SSA, only
relay it to other
entities
SHALL NOT
have direct
user interaction
N/A (no user)

N/A (no user)

N/A (no user)

SHOULD be
important

SHALL be vital

MAY be mobile
SHALL be able
to affect the
SSA

Table 1: Detailed requirements for DUCS system components

Requirement levels The different levels of requirements that are used in the
definition follows the RFC 2119, published by the Internet Engineering Task
Force (IETF), which contains descriptions of how to use certain key words
such as SHALL (NOT), SHOULD (NOT) and MAY when writing specifications
and requirements and is considered by IETF to be the best current practice.[3]
A requirement labeled as SHALL means that it is an absolute requirement that
has to be satisfied, while SHALL NOT means the opposite. SHOULD means
that in some circumstances the requirement can be omitted or ignored, but
one has to have full understanding and valid reasons as to why it is ignored.
As in the case of SHALL, a NOT following SHOULD means the opposite. The
keyword MAY indicates that the requirement is entirely optional. In addition to
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these keywords the concepts of vital and important as component descriptors
were defined as follows: A vital entity in the system is a part which would
cause a systemwide failure in the case that the given entity breaks down or
crashes, while a system can still function without an important entity, however
it will not work as intended or with very limited functionality.
3.5.2

Requirements on System Description Template

With the DUCS definition in mind, a set of requirements on the System Description Template (SDT) was derived from the wishes brought up in interviews
with system developers and literature studies. Zhang and Rossi interpret from
Karlsson’s book "Software Reuse: A Holostic Approach"[14] that a component needs to be described with the following characteristics in order to aid
reusability[25]:

• "Classification information to facilitate rapid retrieval of suitable components"
The rapid retrieval of components — in this case whole systems — leads
to the SDT having to be classified with relevant information, as well as it
having to be searchable.

• "Description to facilitate understanding of the functionality of the component"
Apart from the classification information, the functionality of the system
needs to be described in some fashion.

• "Documentation to facilitate understanding how to use it"
A more in-depth documentation with more details needs to be made
available, in order to understand how the system works.

• "Information of its origin to facilitate obtaining support or additional information"
A system needs to have one or several contact people so that one
knows who to ask for more information.

• "Qualification information to facilitate evaluating and testing it"
Since different systems are required to fulfill different standards, this
information needs to be available.
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In their article "Quality in Use: Incorporating Human Factors into the Software Engineering Lifecycle", Bevan et al. shows how the ISO13407 standard
defines the different actions needed during systems development to achieve
a usable system.[7] Although that particular ISO standard has been superseded by ISO9241[12], the latter one contains the same guidelines analyzed
by Bevan et al. These steps include "Understand and specify the context of
use", which is then divided into three different aspects. According to them, one
needs to specify:

• "The characteristics of the intended users"
• "The tasks the users are to perform"
• "The environment in which the users are to use the product"
The 8 Requirements Backlund mentions that there have been efforts made
at Combitech to reuse systems for rapid prototyping before, specifically in the
case of BioTrack — a system for monitoring and tracking biogas containers —
being modified by the offices in Stockholm and Jönköping to use as demonstrators for new costumers. He agrees, however, that it is not possible to
reuse systems that you do not know about and that he does not have complete knowledge about what systems Combitech has worked on before. The
desire to have access to what have done before is also expressed by Petterstedt and Tordenlid, since it is hard to know about all different projects in a
company as big as Combitech or Saab. All of this confirms the first point made
by Karlsson, that in order for a System Description Template to be useful for
reuse on a larger scale, the information therein needs to be searchable. These
arguments leads to the first requirement put on the SDT:
Requirement 1. The SDT needs to be searchable
Furthermore, the key to reusing documentation and documenting for reuse
is that the functionality description contains the information needed and nothing more, according to Petterstedt. He claims that it needs to be easily accessible and understandable because otherwise the effort needed to immerse
oneself in a potential system’s specification will be too much. Backlund also
notes that if it is too much work in order to understand what a system can
do, instead it might be easier to construct something completely new. This,
coupled with both the second point from Karlsson’s list and the second point
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made by Bevan et al, requires the SDT to describe the system’s functionality
in a short and understandable way.
Requirement 2. The SDT needs to present a condensed overview of the
functionality of the system
In their article "Ten Steps Towards Systematic Requirement Reuse", Lam
et al. claims that one has to "make explicit the context of reuse to prevent
misuse".[23] This view is backed by Bevan et al., who claim that one needs
to describe the physical, ambient, legislative as well as the social and cultural
environments. In other words, the SDT has to describe the system’s surroundings - both its physical and its more theoretical surroundings - in order for
people reusing it to understand why specific design and technology related
decisions have been made. A special type of theoretical surroundings is the
qualification information in the fifth point made by Karlsson.
Requirement 3. The SDT needs to describe the system’s physical and theoretical context
Tordenlid states that "before you even think about how something is to be
used, you want to know who is going to use it". By this, he means that one
has to understand the users of a potential system which leads to the SDT
having to describe the users of any existing systems that are to be used for
demonstrating purposes. Bevan et al. also show that one has to describe the
users’ characteristics, which may include particulars like knowledge, skill, education and physical attributes. A system, which is designed to accommodate
a particular type of users, may not be appropriate to present to users of a new
system under design, since this new system might aim to satisfy the needs of
a completely different set of users.
Requirement 4. The SDT needs to describe the system’s intended (or actual) users
Backlund points out that it is impossible to transform all knowledge and
information in to written text, hence any system designed to aid reuse should
help to find the right people easily. Tordenlid also highlights the fact that it
is important to involve people with previous experience from similar projects,
because it is hard to structure such experiences and knowledge in order to
transfer it to other people. According to him, when a project fails — or at least
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is not as successful as one had hoped — the people involved tend to want to
forget about it and move on, without making the effort to store the negative
experiences in some way. This makes it difficult to learn from other people’s
mistakes, without actively involving some of them in the next project. This,
together with the fourth point made by Karlsson means that the SDT has to
include contact details to people who worked on the system.
Requirement 5. The SDT needs to supply contact information
Since the SDT is used to describe systems and it could be used to describe
new systems, the description within can be viewed as requirements for this
new system. This means that many theories of requirements engineering can
be applied to the requirements of the SDT. One such theory is the importance
of avoiding implementation bias, as discussed by Zave and Jackson. [16].
Because the idea of the SDT is to show many different ways of implementing
the same functionality, it is important that it does not contain any descriptions
which requires a certain implementation method or technology. If the SDT
were to be written in a way that it suggests how to implement the system, it
would counteract its purpose.
Requirement 6. The SDT needs to be free from implementation bias
Because some people will have more knowledge about their own systems,
it makes sense that it will be those same people who fills the SDT for those
systems. This leads to many different people with different background and
writing style all contributing to the same system, and the SDT must therefore
enable an easy and common way of writing it. Because different people may
mean different things with the same words, it is important that the SDT promotes an unambiguous description.
Requirement 7. The SDT needs to be easy to write in an unambiguous way
The final requirement stems from the type of systems this particular SDT is
focus on, namely DUCS. If the SDT is to be able to describe a DUCS system, it
is also necessary to describe the different hardware entities with any additional
requirements that was put on those, in order to understand the choices for the
actual implementation. This is also backed by Bevan et al., except they include
the hardware and software technical design deceptions in the environmental
description.
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Requirement 8. The SDT needs to describe the rationale behind hardware
design choices
3.5.3

Realization of SDT Requirements

From the eight requirements, the SDT was divided into ten sections — or components. These different components are described below with information on
what they include and how to write them. The methods and techniques employed to ensure that the SDT meets the requirements can be found in section
3.5.4, and an overview of which requirements are fulfilled by which SDT components can be found in Table 2. For an example of how each of the components can be filled, a description of a fictional transport and logistics system
can be found in Appendix C.
General Description The general description offers a quick introduction to
the system and its intended use. This description should not contain details
of the system functionality, but rather give the reader an overview of what the
system does. Around three to five sentences should suffice — if it is longer, it
might be worth considering if it contains too much detail.
General Scenario Describes the indented functionality of the system by presenting the main scenario where it is used. The scenario does not have to
cover all different aspects of the functionality, it should instead be used to give
the reader an understanding of the typical usage of the system.
Contact Details Information about who — or what company or department
— is responsible for the system or alternatively someone who has been involved in the development of it, so that one can seek further information about
it. The contact details could support multiple means of communications, but at
the very least it should include an e-mail address and a telephone number.
Standards and Certifications Contains a list of which standards the system
adheres to, as well as any certificates it has received.
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Domain A brief description of the domain to which the system belongs, for
instance security, training, mission control, logistics or transportation. The domain may impose various requirements on the system which are underlying
and not explicitly explained. The same functionality may have to be implemented in two different ways, because of for example governmental requirements or common practice within specific fields. By assigning a system one or
more domains, these choices can be understood and taken into account when
using said system for prototyping purposes.
Environment Describes the environments that the system and its users are
operating in. The same system may have more than one environment, and all
those environments should be described and given a reference number. Each
environment description is divided into three parts: one or more biomes or
climates, one or more operational areas and one or more user environments.
Biome or Climate This part describes the general physical outdoor environment that the system is designed to work in. This explains to the reader
why the hardware might look the way it does as well as give an inclination towards whether the same hardware can be used in their intended system or
not. A possible list of biomes can be found in "Walter’s Vegetation of the
earth: the ecological systems of the geo-biosphere"[24] and the STANAG
2895, a standard agreement for NATO, contains possible notation for climate
descriptions.[2]
Operational Area Since the domain description may be too general to
depict all different aspects and implied requirements, the operational area is
defined to further clarify where the system is intended to be used. The different
areas identified are Land, Air, Water and Under Water.
Operational Environment The users’ or entities’ immediate surrounding environment is described by choosing a predefined environment category.
These categories should be defined with different characteristics such as temperature, noise, vibration, lighting and similar. An initial list of operational environments has been developed and includes environments such as "Office",
"Laborotory", "Disaster Area" and "Construction Site". These have been structured in an environment tree (see Appendix A), but the tree may need to be
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extended and the different environments needs to be given a more detailed
description. The appropriate environment is selected by traversing the tree
from the root node until the desired node is reached. The nodes marked with
double borders are selectable, while a single border indicates categorical intermediate nodes where one needs to make at least one additional choice to
specify the environment in more detail.
User Roles The user roles are, as with environments, described by several
parts. A user role is given a name, a goal description, an user environment
and a set of special skills or characteristics.
Name The user roles’ name needs to be descriptive and distinct from the
other users in the system.
Goal Each user role exists in the system because the users who fill it
have some common goal to achieve. This is described here, to gain a more
wholesome picture of what the user wants, and why certain users require certain functionality.
Characteristics Relevant attributes that are required for a user to be able
to take fill a particular user role. These could be physical attributes, assumed
skills or education or anything else relevant to the use of the system.
User Environment Each user role is linked to one of the environments
defined in the Environment section. This will help the reader to understand
human-machine interfaces and other design choices dependent on the environment, as well as provide help in deciding if a particular system’s users can
be applied to a new system, because implementations may very greatly depending even if it is only the surroundings of the users that differ.
One user role that always exists in a system is "The System". This role can not
be taken by a user, it is instead used to describe system functionalities which
are not actively driven by a user but still an important part of the system’s overall usage. It can be used to describe the functions updating, storing, exporting
and importing data to/from the system and the likes thereof.
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Entities The entities in a system is all the major hardware components. Because the SDT is used to describe DUCS systems, entities will always include
at least one entity from each entity type in the definition (see section 3.5.1).
Since some of them will, by the very nature of the entity type, have restrictions and requirements the specific quantities and limits of these restrictions
has to be defined. Besides these limitations, the actual specifications - or at
least model number with reference to where specifications can be retrieved must be given. Each entity is connected to the user roles which use it, and
the environment in which it can be used. Typically, the entity of Sensor and
Network type will not have direct user interaction, and are therefore used by
"The System", as explained in the User Role section.
Behaviours The core functionality is described by what is defined as behaviours. A behaviour describe an unique, independent and complete function performed by a user role. They can be seen as a form of use cases,
condensed to a single sentence and compromised of three obligatory parts: A
User Role, an Action and an Object. In addition to these three parts, a fourth
part may be added called Parameters. Together, these three - or four - parts
form a sentence written in present tense with a subject followed by an active
verb in the active voice followed by an object.
User Role This is the user who drives the behaviour, initaties it and is the
primary benefactor from its progression. This must be one of the user roles
previously defined. The same user role can be present in different behaviours,
and some behaviours will differ only in the user role aspect because multiple
users may need access to the same functionality in the system.
Action The action is the focus of the behaviour. While a behaviour is
driven by its user role, the action part describes what the user actually performs - or what the system performs for the user.
Object Even though a user role combined with an action can describe a
functionality such as "User A does action B", it is most often not that interesting. The object is needed because behaviours are driven by users who are
trying to either affect the system’s environment or find something out about
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it. By forcing behaviours to contain an object, the behaviours become better
suited to describe systems which involves this type of functionality.
Parameters Because some functionality can not be sufficiently described
by a subject, action and object, the parameters form a prepositional phrase to
describe functionality such as specific values, value bounderies, frequencies
or target objects (eg. "User A does action B to object C in target D with frequency E"). There is no formal limit to how long the Parameters part can be.
However, it should not be more than one or two extra parameters per behaviour
or it is probably written with too much detail.
Designations The final part of the SDT is designations. Zave and Jackson
discusses using designated meanings to words that might otherwise be interpreted differently by different people. According to them, because words can
only be explained in an informal manner, one must give each possibly ambiguous primitive term an informal description when writing requirements.[16] As
have been earlier established, the SDT can be viewed as a set of requirements
- which is why the use of designations also applies to the way behaviours are
written. An example of when such a designation is needed is the case of
taking the "best" route from one destination to another. What constitutes as
"best" differs depending on the system’s overall goals and the users intentions.
In one system, the user might want to take the quickest route, while in another
it is the shortest route that is the best. The best or cheapest route can be
measured in time or energy spent to get to the destination, depending on the
overall goal of the system and the user’s goal. By providing a designation to
verbs, objects and parts of parameters that can be interpreted in more than
one way misconceptions between author and reader can be avoided, while
keeping behaviours short and descriptive.
3.5.4

How the SDT Fulfills its Requirements

A number of different methods and techniques suggested in literature are employed to make sure that the requirements set up in section 3.5.2 were met.
For an overview which requirements are fulfilled by which methods, see Table 2
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Plugability Lam et al. suggests using what they call "template requirements", where one has identified a common requirement across multiple systems with slight modifications. The idea is to keep the common parts constant,
while varying the parts that are not. By showing what is necessary to plug
into these variable parts, one can both have a base requirement that can be
used and reused and assist the person who writes the requirements to identify
where the differences are and give suggestions on what could go there instead. The SDT presented use this concept in the Behaviours section, where
parameters can be varied, while keeping the same structure of the original
requirement. Especially the parameters part can be considered to contain plugable components, but by taking the concept one step further all the different
components in a behaviour can be considered plugable. When comparing two
behaviours from different systems and they differ on one of the regular parts
(User Role, Action or Object), they will seem very similar. While entirely new
behaviours can be formed by exchanging one of these, it helps with the behaviour construction process if one starts from a similar looking one. Picture
a slot machine with three separate spinning wheels where the user can hold
two out of three wheels while rotating the third until the desired combination
(i.e. behaviour) is found.
Condensed Use Cases Constantine and Lockwood introduced the concept
of "essential use case" as a way of simplifying the description of how users
work with a system. By focusing on what the users intend to do, instead of
how they intend to do it, one can avoid assumptions on how interfaces will be
designed and what techniques will be used.[10] While essential use cases can
be descriptive and achieve a generalized description of the functionality, it does
not allow for searchability. By extending their way of thinking and compressing
the information further, into the behaviour form, the benefits gained by writing
only what is in the users interest can be preserved. The added benefits from
compressing essential use cases further includes the fact that a shorter use
case can be written in less ways, thereby helping different writers to write in
the same way. This, in turn, leads to the same use cases - or behaviours being reused and traceable, filterable and searchable throughout the different
systems’ specifications.
The grammar of how to write behaviours comes from Cockburn’s book
"Writing effective use cases".[8] By writing sentences in the present tense,
with an active verb in the active voice with a clear actor and its goal clear the
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use cases in themselves becomes clear and understandable. Again, one can
assume that a clear structure helps when different writers are forced to cooperate — but at different places and at different times. While Cockburn suggests
using 3-10 steps in each use case, when his theroies and tips are applied to
the extreme condensed form the behaviours become more powerful. As Constantine and Lockwood, Cockburn also suggests focusing on the actor’s (in
this case the user role’s) intent, rather than the movements he or she goes
through to get there. Cockburn also discusses different levels on which one
can write use cases. Most behaviours written according to the instructions will
be on what he calls "sea level", or "user goals". He claims that user goals,
which describes "the goal [...] the user has in using the system", are of the
greatest interest when describing systems.[8, p. 62]. Some behaviours may
be from a slightly lower level, if that particular functionality is deemed significant and independent enough. What Cockburn calls "summary-level" goals,
use cases that describes the context and sequencing of user level goals, is on
an abstraction level comparable to the general scenario.
By using use cases instead of a more conventional technique of formal requirement, it is easier to focus on the user’s intentions instead of the actual
implementations. Formal requirements can be difficult, both to work with and
to define, according to Rudin. He claims that you often focus on the techniques
and that it may be difficult to see the big picture. When defining functional requirements, rather than detailed specifics, Petterstedt argues that use cases
are useful for both extracting and defining requirements. He sees it as a great
advantage to describe systems with use cases, because it allows you to structure the knowledge about a system in a common fashion — while at the same
time extracting the right functional requirements. By starting with some form
of scenario and writing use cases he claims you can get a feel for the purpose
of the system and communicate this both internally to other project members
as well as verify it with the customer. Rudin backs the fact that use cases
are useful when communicating with customers, especially when they are not
experienced in systems development. He thinks it requires exceptional skill
and time from both customer and developer in order for formal requirements
to cover everything in a system, and that it is often smarter to put things on
higher level of abstraction with use cases and scenarios. Backlund argues that
it is vital to have a formal notation when specifying requirements. He claims
that this leads to people having to discuss about the notation and come to
a consensus. Using vernacular language could introduce requirements that
are hard to measure, such as saying something should have "high usability".
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Requirements formed using vernacular language often leads to people understanding the expected outcome differently. In other words it has to be very
formal in order to make different people get the same information from a text.
Even though behaviours are not as formal as more traditional ways of writing requirements, using clear grammar rules and putting restriction on how to
write use cases should eliminate the element of ambiguity and uncertainty —
at least to the same degree as traditional requirements.
It is important to recognize the fact that there are different types of requirements — functional and non-functional. The behaviours mostly cover functional requirements, i.e. what different functions the system enables the users
to use. Non-functional requirements include topics like performance (e.g. a
certain number of users at any given time), timing (e.g. how long it takes
the system to perform a given task), reliability (i.e. how critical it is that the
system always functions) and so on. Some of these can be covered in a behaviour’s parameters part, as frequency and delay issues, but most of the time
this type of specification borders on implementation and should therefor be
omitted from the SDT. Rudin argues that non-functional requirements are hard
to express with use cases, and therefor suggests using use cases and formal
requirements as a hybrid when working to specify requirements. In the case
of the SDT, and its intended use, non-functional requirements are avoided —
but can in many cases be extracted or perceived from the domain and environment descriptions. For example, if a system is developed for the domain of
aeronautics, it needs to be reliable and have certain response times.
Object Dictionary Each part of the SDT is reusable in the sense that each
part can be individually defined and used. The only real connection that has
to exist is the one between behaviours and their active users. By defining
each part separately, the whole collection of described systems will form an
object dictionary, as proposed by Lu et al.[15] This enables the writer to pick
and chose from existing objects and create new ones only when none that fits
exists, thus making the process of filling the SDT easier. In his article "Formal
Approach to Reusable Formal Specifications", Tvrdy concludes that using a
modular approach, as opposed to step-wise refining a specification, can lead
to higher reusability.[22] In the SDT, this is applied to they way one can write
for example an environment description or a user description more or less
independent of the other parts of the SDT.
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Complete User Description As previously mentioned, the ISO standard
9241-210:2010 states the different aspects of users that needs the be specified. The parts that are perhaps easier to comprehend, such as physical attributes, education and skills are covered in the Characteristics section of user
roles. The things that deals with what the users do in the system are covered
by the behaviours. Their physical surroundings such as lighting, noise level,
vibration and the like are dealt with in the Environmental section and the more
abstract theoretical context can be perceived from the domain.
Explaining Chosen Entities By including the requirements put on hardware
or software in the system, the choices can be understood and evaluated if it is
appropriate to use the same or select new ones and thus the reusability of the
SDT is heightened.
Abstraction Sutcliffe discusses the effects of generalization in order to reach
abstraction.[20, p. 38] He claims that higher abstraction — i.e. less detailed
descriptions — leads to a higher number of potential reusers. Granted, his
reasoning is based on abstracting code in order to reach more application areas, but the same argument can be made for information about a system. A
more detailed description could possibly lead to someone having better use
of it in the end, but through generalization one can reach a greater audience
and increase the overall reuse of the system — especially since the SDT will
mainly be used on a higher level of reuse rather than on code level. By writing
behaviours with a high level of technological abstraction, the same behaviour
can describe a multitude of different implementations and will therefor be applicable to a greater number of potential systems.
User Role "The System" By allowing the system to be the active part of
a behaviour, a broader aspect of the systems functionality can be covered
without losing focus. If all behaviours were forced to be written from a user’s
perspective, then functions which are desired to be automatic and without user
interference will be hard to describe.
Guidelines If the same behaviour is written in several different ways, it will be
difficult to connect them and the searchability of the SDT suffers. By providing
guidelines on how to write the SDT, especially the behaviours, it will be easier
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for different writers to write in the same manner — thus ensuring consistency
and searchability. The guidelines will grow as more people use the SDT and
should be subject to review if the need arises. The initial behaviour writing
guidelines are

• When viewing/sending/getting/etc something that is live, use "in real
time". When not live, use "previously recorded".

• If a system uses designations with the same name, assign a number to
the designations and include that number when using the designation in
a behaviour.

• If two behaviours only differs on some parameter, use [item 1, item 2, ...,
item n] to illustrate that either item can be used.

• When a role is referred to more than once in a behaviour, modifiers are
used on the later referenses to show if the intention is to refer to the same
instance of that role ("same"), another instance of that role ("other") or
any instance of that role ("any").
Example: Compare the differences between "A views video from same
A", "A views video from other A" and "A views video from any A".
When a role appears only once, the "any" is implied and no a/an/the
is needed, eg. "A views video from B" is the same as "A views video
from any B".

• When possible, do not explicitly refer to an entity or it’s parameters rather refer to the user role that uses it.
Example: Instead of writing "A views video from camera on B’s unit X",
write "A views video from B".
These guidelines were developed during the system analysis discussed
further in section 3.5.5.
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1. Searchability

SDT Components
Involved
Behaviours

2. Overview

Behaviours

3. System’s Context

Domain, Environment

4. System’s Users

Domain, Environment, User
Roles
Contact Details
Behaviours

5. Contact Information
6. Non-biased with regards
to implementation
7. Easy to write
unambiguously

8. Hardware design choices

Environment, User Roles,
Behaviours, Designations

Entities

Methods Used
Condensed Use Cases,
Plugability
Condensed Use Cases,
Abstraction
Environment Tree,
Complete User Description
Complete User Description
n/a
Condensed Use Cases,
Condensed Use Cases,
Plugable Components,
Object Dictionary,
Environment Tree,
Guidelines
Explaining Chosen Entities

Table 2: Overview of how the requirements put on the SDT are realized

3.5.5

Improving by Systems Analysis

After a structure and general components had been identified, a number of
systems within the context was analyzed and documented. The analysis was
done by reading existing documentation and transforming it to the form specified in the SDT. When possible, the results were validated with the help from
experts on the systems being analyzed. This process helped to identify problems, difficulties and uncertainties within the method and template, and suggestions on how to solve them. The systems were chosen to cover different
application domains in order to cover as many different aspects as possible.
The systems that were analyzed were:

• A warehouse monitoring system (WMS) for a company in the logistics
industry

• An application of Saab Skeldar with additional hand held control unit
• Saab SAFE Prison Edition
• Saab SAFE Airport Edition
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Behaviour Writing Guidelines One of the most significant lessons learned
from the different iterations is the need for clear guidelines for how to write
behaviours. As each system was described with the SDT, discussions regarding how a particular function should be described within the allowed behaviour
form occurred. Eventually, once a decision on how such a situation should be
handled, it was added as a rule to the behaviour writing guidelines listed in
section 3.5.4. As previously mentioned, these guidelines should be allowed
to grow as this improvement may not have been exhaustive in its discovery of
unclear writing situations. It is believed, however, that these initial guidelines
in addition to the SDT definition should cover most situations.
User Role "The System" The initial template included what was called "Machine Roles", which were used in behaviours not driven by a user. The idea
was to first define a Machine Role and later define the Entity which fulfilled
those requirements. This lead to a complicated and cluttered description,
where it was unclear where in the template one should define attributes of
entities used both by users and as Machine Roles. By replacing all these type
of roles with The System and moving the hardware and software requirements
to Entities, the template became clearer and easier to write.
Added more environments and domains The Environment Tree grew because environments which was initially missed or ignored were found needed
when analyzing more systems. When a new environment was observed it
was fitted into the tree at its appropriate place. The same process was used
with domains — as new domains where found they were added to the list of
available domains for future system descriptions to use.
Added connection between Environment, User Roles and Entity Some
design choices will depend on who the user is, some on what performance requirements are needed from an entity but some will depend on a combination
of where an entity will be used and by whom. In order to make those choices
clearer, whether it is hardware requirements for entities or the appearance of
a graphical user interface, the user role needs to include a user environment
and each entity description includes both the different environments in which
it can be used as well as which user roles uses it.
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The Demonstration Application; Eos

In accordance with the Systems Description Template and the guidelines for
using the same, described in section 3.5.3, an application was constructed to
demonstrate the concept of a system that would organize data produced by
using the SDT. The application was built as a webpage using Django, which
is a web-framework for Python. It enables fast and simple set up of initial
data structures leaving more time to developing the logic which processes
information.
Another pivotal purpose of the application was to illustrate some strategies
to allow the users to gain inspiration from systems. In other words, some techniques were implemented that makes it easy to search for certain information.
Furthermore, the ability in some way to organize the discovered information
was also desired to be emphasized in the application.
3.6.1

Functionality of Eos

In the following paragraphs the fundamental functionality that was implemented,
in order to demonstrate the concept, is presented. All the given functionality
is bases on a tabular view of the data, where all the information for each of
the systems is represented. Each of the fields, from the Systems Description
Template, are given as columns in the table and each row represents a system. A compressed screenshot over the tabular representation can be found
in Appendix D. Note that the screenshot is amended in order to avoid depicting
possibly sensitive information.
Classification of Systems The classification of systems, finished and ideas,
was implemented to facilitate building incomplete systems from components.
These incomplete systems are meant to serve as ideas for future systems and
inspirations when building a system. Therefore a classification was needed to
discern the complete systems from the incomplete.
Filtering The filtering function was meant to be the instinctive approach to
search for information given that a interesting system. Activating the filter for
a given field will display all the systems pertaining the same information, and
exclude all others. However, there exists an exception. In the case that filtering is triggered on a behaviour systems that have similar behaviours will be
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included in the view. In the actual implementation similar refers to behaviours
that share the same action and object (see section 3.5.3).
Keyword Search Another means of location information in the implementation is the keyword search. Primarily it is an extension of the filtering functionality. It is meant to be used when one only has a vague idea of what is
sought.
Session System Beneath the table of systems there exists an area in the
application where fields may be dragged to and dropped. Performing this action saves the dropped field in a temporary system which is available for the
duration of the session. This allows for copying specific system components
that are interesting. When one is satisfied with the temporary system, missing
information may be entered and finally changes may be saved. This procedure is meant to facilitate the construction of a system based on ideas and
components from other systems. Instead of manually copying and pasting
the information, this functionality makes it easier to achieve this assembling of
system components.
Dynamic Adding of Components An evident functionality perhaps, but important nonetheless, is the functionality to dynamically add components for a
system. Instead of saving a system, adding the desired component and then
coming back to insert the component and finalize the system, the dynamic
adding allows for a more streamlined process.

3.7

Demonstrating Eos

While developing the SDT, several systems were analyzed in order to improve
on the proposed method. These systems were later entered into the Eos
system, to form a base for demonstrating the different functions of the tool described in section 3.6.1. In order to do this, two fictional system suggestions
were created. By extracting probable key words and search scenarios someone using Eos might employ, the intended functionality and efficiency of Eos
was examined. The fictional systems were chosen so that they would not be
too similar to systems already in Eos, while ensuring that they adhere to the
DUCS definition. The demonstration intends to show what a system developer
who is in the process of finding existing systems might get out of using Eos.
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System Ideas

Wind Farm A new system is needed to support surveillance and maintenance of an large scale onshore wind farm, size-wise comparable to Havsnäs
wind farm in Jämtland, Sweden with its 48 wind power plants.[1] It is desired
to have one person monitoring the status and performance of all the power
plants, while making sure that only authorized personnel access the areas
around the power plants. They also want to have multiple technicians working on the park, with maintenance and regular inspections of the power plants.
The maintenance tasks can be either scheduled tasks or stem from the system
or staff noticing something strange or amiss with a power plant. The tasks that
are to be performed by the technicians should somehow be evenly distributed,
so that the work load of the employees is even. There should also be some
aid as to prioritizing which order tasks should be performed.
Because the land between the power plants is used for agricultural purposes, the surveillance part of the system needs to allow for identification of
farmers and separation of their authorized activities from possibly unlawful and
damaging activity in the wind farm area.
The management wants to be able to automatically generate reports of
performance rates of the entire farm, as well as individual measurements from
the power plants. These statistics could include produced power; peak hours,
days or seasons; average, total or individual down-time of power plants; time
spent working on fixing broken or damaged plants; number of possible security
breaches etc.
Taxi Service A taxi company desires to improve the efficiency of its operation, by making it easier for client to order a taxi. The main congestion in
the order system, where clients call operators to order a taxi, is the fact that
clients are put on hold until a operator is available to take their call. It is therefore preferable if the clients could manage their own order through their mobile
smart phones.
The responsibilities of the operators would consequently be redefined, instead of administrating orders through phone calls the handling of orders
would be performed with the assistance of a new system. It would be beneficial if the allocation of taxis to their appropriate client could be performed
both manually and automatically based on the geographical location, of the
client and taxis. After allocation the operators want to be able to monitor the
taxis, with regards to their estimated time of arrival and wether or not they
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have accepted the assignment. At the same time the taxi drivers ought to be
presented with the best path to their destination, i.e. the client, with regards to
shortest time. In the same manner, the taxi company would like to offer their
customers the service of a constantly updated estimated time of arrival. It is
deemed that this service would preempt a lot of phone calls on the subject of
locating clients’ taxis and improve the overall customer experience.
Following the completion of the journey, the taxi driver reports back to the
operator making the vehicle available for allocation again.
3.7.2

Usage

Start by applying some filters, in order to bring down the number of systems
to a manageable amount. This can be done either by traversing the system,
adding filters as they are found, or by using the search function to highlight
systems that might be interesting. The key is to always save possible features
to the session system as the filtering occurs. For example, if one is filtering on
a specific environment, it is likely that the same environment may be used in
the system under development. If a fitting behaviour is found, try filtering on
just that user’s behaviours. This could lead to inspiration on what behaviours
the user’s of the new system might need or desire. The filters can be cleared
at any time without losing the saved session system, so starting over and
finding a new angle could be a good idea. When the session system is found
adequate, its contents can be reviewed under the Create System page and
other features not found in the searches or filtering can be added. If no fitting
components can be found here, new ones can be created in order to fully
describe the intended system.
Results from Wind Farm Filtering on the environment "Outdoor -> Fascility" brings the number of systems down to two - SAFE Airport Edition and the
WMS. In SAFE Airport Edition there is a user called "Monitoring User". Since
the Wind Farm idea includes a single user overlooking the security and performance of the entire Wind Farm, the name "Monitoring" suggests similarities.
By looking at the General Scenario and more details of the Monitoring User
of SAFE Airport Edition, one can conclude that the responsibilities of those
users are indeed similar. The Monitoring User is connected to a behaviour
that deals with assigning issues ("Monitoring User assigns issue to available
Security Guard"). Looking up issue in the list of designations would lead to the
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realization that issues and what has in the Wind Farm system been previously
named tasks are quite similar. By looking at the other behaviours which deals
with issues, several other functions dealing with the creation and handling of
issues can be identified. These can all be saved to the session system.
Another interesting behaviour that is connected to the Monitoring User describes video viewing. This could possibly contribute to how the Wind Farm’s
monitoring user would survey the farm. At this time, the entity which handles
the video recording in SAFE Airport Edition, CCTV Camera, can be saved in
the session system for later review. Since viewing video could be interesting,
a key word search reveals that several systems in Eos deals with this type of
behaviours. A note is made to look more closely on what sort of video handling these systems does and how they have chosen to implement it. Another
behaviour in SAFE Airport Edition concerning issues and a Monitoring User is
one that includes viewing issues on a map. Another key word search shows
that all four systems in Eos includes map handling. Again, a note is made to
investigate further what they implement and how, in order to gain inspiration to
what a map could be used for in the Wind Farm. Once the SAFE Airport Edition has been thoroughly looked through, one can go back to the other system
that was found through the initial environment filtering — namely the WMS. As
in the first pass, looking at the users of the system can lead to finding similar
behaviours. The WMS Operator is closely related to the Monitoring User —
they are both using their respective system’s MO/CO, and they have similar
responsibilities. The user role Forklift Driver in the warehouse system deals
mostly with what is called "work orders". Again, designations come into play
to determine if these are similar enough to issues and tasks. A work order
is simpler, they only deal with one type of tasks — a package being picked
up and delivered to a destination. It is, however, close enough to be worth
looking closer at. The behaviours with work orders deals with different status
of work orders, such as unreserved and handled. This could be interesting to
the Wind Farm since there are multiple technicians working at the same time
and it does not make sense to have them unknowingly working on the same
task. The Forklift Driver also has the behaviour "Forklift Driver gets best route
to destination". This is saved because it might be interesting if the technicians
in the Wind Farm system could have aid in where their next task is and how
they could get there. There are also behaviours which deals with communication between the different user roles in the WMS, which might warrant further
investigation.
By looking at the WMS Operator role, one can see that performance met52
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rics of some sort is presented. This could possibly be comparable to the monitoring user of the Wind Farm’s needs to get statistics of the individual power
plants. In general, the warehouse system has behaviours in which the MO/CO
user gets alarms of different types. This should be investigated further, if it can
be applied to warnings and alarms about possible intruders in the wind farm.
The System role in the WMS also exports data of some sort, which is related
to the Wind Farms needs of automatically generating reports of the statistics.
Also, the environment in which the MO/CO users of both the WMS and SAFE
Airport Edition operates, namely "Indoor -> Office", could be used to describe
how the MO/CO user in the Wind Farm.
Results from Taxi Service Searching for keywords "taxi" or "car" does not
give any results, but searching for "driver" returns the WMS and highlights its
user role "Forklift Driver". As in the case of the Wind Farm, the behaviour that
deals with presenting an optimal route to a driver can be interesting to help the
taxi drivers find their way easier. While the Forklift Driver’s work orders deals
with packages in a warehouse, those work orders can be related to the different customers’ rides — it is still packages being picked up at one point and
dropped off at another, only the packages are people. One last behaviour that
the drivers in the WMS have is the communication between different drivers.
This was not a specified requirement in the scenario, but it might be worth
investigating if this is something that taxi drivers wants to have. As before,
the MO/CO users of the WMS is similar to the operators of the taxi service.
The difference is that there will be several operators in the taxi system working at the same time, while the WMS only has one MO/CO station and user
at the time. This can be worth noting, but it does not mean that behaviours,
environment and entities can not be copied to the session system to look at
and perhaps show the WMS Operators view in the warehouse system to the
intended users of the taxi system. One possible effect from having multiple
MO/CO users might be that the different work orders needs to be split up and
handled by different users. Other relevant behaviours are the ones that illustrate how the operator can always see where the drivers are, where they are
going and how they are getting there on a map. Because the taxi company
probably doesn’t want to eliminate telephone orders completely, the manual
creation and handling of work orders in the WMS would probably also be desired features in the taxi service. One big desired feature in the proposed
taxi service system is customers always having access to an estimated time
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of arrival. While searching for "estimated time of arrival" gives zero results,
searching for a more general term ("estimated time") returns the Skeldar system, where a UAV Pilot gets estimated flight times. This system also contain
several behaviours for map handling, including different users marking points
on a map. One user that does this does it using an entity called "Personal
Touch Screen Device", which is similar to a modern smart phone but with additional padding to make it more durable. Those position marking behaviours
could be interesting to offer a customer the option to mark their original position as well as their destination instead of typing in an address.

54

4

4

CONCLUSION

Towards Usable Reuse

Conclusion

The importance of achieving a common understanding between developers
and end users in order to ensure that the right product is developed has been
shown. The implications of basing a new system on false assumptions are dire
and a common problem in systems development. This is the leading argument
of why one should use prototypes and demonstrators which involve end users
early on in the development process, and any methods or techniques which
can help make this process easier would be appreciated by requirements engineers and system developers in general. It is also clear that reusing systems
for the purpose of demonstrating concepts to customers and end users is already a technique which is employed at Combitech, with both the BioTrack
system and the initiative that is Reality Labs. The focus of Reality Labs is to
increase user involvement and make the processes of involving them easier
in the development process, demonstrate new technologies and encourage
the discussions and birth of ideas that comes from people meeting and playing around with systems and demonstrators. One can also see that the way
of reusing systems today is inefficient, because there is simply no easy way
to get access to existing systems. Repeatedly, interviewees have expressed
the desire to know what other people have done and what the company has
done before. The current way of doing this is through personal connections
throughout the company. In companies as large and geographically dispersed
as Combitech and Saab, the process of using ones contacts to figure out if,
and how, something has been done before is near-impossible to do in an exhaustive manner.
Any tool such as Eos that is based on the SDT described in this report is
meant to aid this social network, and to expand the reach of the individuals
working in a larger company. Perhaps the most important requirement put on
the SDT in section 3.5.2 is therefore the one that deals with the searchability
of the SDT. By ensuring that systems described with the SDT can be filtered to
only show the ones relevant to the problem or situation at hand, the number of
connections from different sections of a company can be increased, in the way
that developers need not know for themselves what systems have been developed before or who developed them — the tool does it for them. As shown in
section 3.5.4, a common way of describing systems in a clear, unambiguous
and structured way allows for relevant described systems to be found. The
second most important requirement, as expressed in interviews and literature,
is that anyone interested in a particular system should easily gain an under55
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standing of what the system can do, and why it performs tasks in a certain
way. In the SDT requirements, these points were divided into multiple requirements and each requirement fulfilled by combinations of different methods. By
compressing what is usually a long document of details on implementation,
reasoning and complicated wording, the SDT can present the reader with only
the information relevant to the his or her needs, while the context of the system
provides a means of conveying the reasoning behind design choices made in
the system. The SDT does not give the developers an instruction of how to implement the same solution again, nor does it aim to. At first view, when finding
systems that has dealt with a problem before, the purpose is not to present the
developers with specifics of each system — but rather give them a collection
of possible implementations to show end users in order to reach the previously
mentioned common understanding. As shown in section 3.7, a system based
on the proposed SDT with the functionality described in section 3.6 can help
with finding systems and give inspiration to the system under development.
Understanding formal requirements can be difficult if one is not used to
the world of systems development. Additionally, formal requirements require a
considerable amount of effort to produce. It has been shown that a structured
way of writing requirements — and using those requirements to describe an
existing system — can instead be achieved with a special form of use cases.
By describing systems with short use cases, one also enables the end users
and customers to see clearly what is meant. By not describing how a system is actually implemented, but instead focusing on how it is used, end users
can relate the descriptions to their current work situation or imagine how such
a system can be used. By combining the descriptions of an proposed system with demonstrations of existing solutions, the end user or costumer can
more easily express their wishes which will in the end lead to better formed
requirements. And, as previously stated, forming the right requirements at the
beginning of a project is crucial to a projects success.
While the focus of this report was to investigate the early stages of systems
development, there are opportunities for reuse in several stages of the systems development process — regardless of what methodology is used. One
can envision using the proposed SDT to describe system components which
were designed with reuse in mind, with different behaviours or combinations of
behaviours represent independent and connectable components in a library. A
tool such as Eos could then be used to pick and choose what functionality you
require from a new system and in the end find what components are needed.
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Discussion

During the course of this project, some areas of the results and conclusions
have been identified as in need of further interpretation and clarification. In
this section, general concerns of reuse are discussed, followed by an analysis
on the resulting method and the process of developing it, concluding with a
discussion on what this process might lead to in the future.

5.1

Troubles of Reuse

While the advantages of reuse are plenty, often culminating in saved time and
cost, there are some hurdles which needs to be overcome in order for reuse
to be accomplished and some concerns that one needs to be aware of and
address before introducing a reuse program in an organization.
5.1.1

Economics and Politics

In section 3.2 the two concepts, design by reuse and design for reuse, were
introduced. While designing by reuse essentially reduces cost during development, designing for reuse may introduce initial cost. These negative economics persists until the positive effects of design by reuse take effect, and the
preceding losses may be equated by the gain of designing by reuse. Nonetheless, it may be problematic to demonstrate or even predict a positive outcome
in the end, when developing for reuse in a project. Therefore it might be useful
to implement reuse in small steps and not force total implementation of reuse
immediately.
Along the same theme of reasoning, when developing a system by reuse
it may lead to reduced development costs a client may argue that the settlement for the project should be reduced. However, it may also be argued that
the payment is not merely for development and the result, but the inherent
expertise and knowledge pertained in the systems. Not only does a system
developed by reuse match a non reuse system in functionality it possibly is
more rigorously tested, and the underlying design may be very well proven
since it may be deployed in several systems.
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Shifted Focus

Disbursing effort and time on producing reusable systems or compelling people to reuse systems may introduce a shift in focus for a project. The focus
may shift to the point where the actual emphasis of the project is leaned toward
reuse rather than achieving the project’s purpose, i.e. producing a satisfactory
system. With that in mind, the intention of actualizing reuse is not to replace
ordinary systems development methodologies or procedures. Instead reuse
should be viewed as an support and aid to an existing methodology.
If, for some reason, introducing the concept of reuse into a project causes
the focus to shift or a decline in production then one should resort to methodologies that has previously been proven to function well with the project team.
No illusion is made that reuse is utilitarian and always applicable, instead it
should be employed where a fit is possible.
5.1.3

Motivating People

In order for Eos — or any other tool for organizing reuse — to be successful,
it needs to have a large base of descriptions in it. The principles shown in
the demonstration section shows how a few systems can be found through
searching and traversing the descriptions, but the point of such a tool is to find
many alternative ways of solving a particular problem. This means that the
users of the system, i.e. system developers and architects, needs to see the
gain of taking the time to actually input existing systems into the tool. Backlund
argues that he can be motivated to use such a system as long as he can see
the benefit someone at the company gets out of him spending time contributing, but it needs to be clear for him what will come out of it and for whom the
work is done.[5] Additionally, filling such a tool with a lot of system descriptions
will be useless unless you convince people to use it for reuse purposes.
This is an issue to be dealt with within the organization. From what Backlund says, directives from the management would probably not be enough and
there would also need to be some form of discussion and input from employees
as to how systematic reuse for demonstrating purposes can be introduced.

5.2

SDT, Eos and thier Development

There are some aspects of the SDT which might be viewed as problematic.
Some of these problems come from the fact that the SDT provides an initial
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overview of the system, and can therefore be solved by referring to more detailed, traditional system descriptions and documentation. Other problems are
concerns raised in interviews and discovered during the improvement activity
described in section 3.5.5 and still others are concerns related to the approach
taken to develop the SDT and Eos.
5.2.1

No Test Criteria for Behaviours

When using behaviours as requirements one would want to validate that those
requirements are fulfilled. Because behaviours deal with high level goals of the
users, their test criteria will come once the behaviours are broken down into
more specific requirements. The SDT is not a replacement for existing system documentation, but should rather be viewed as an addition or introduction
to documentation with more detail. One of the aspects that documentation
should describe is the lower level requirements and their respective test criteria.
5.2.2

Replacing the Social Network

As previously mentioned, the connections a developers has is a powerful way
of getting access to systems previously developed and the experiences gained
from developing them. Backlund argues that this social network can not be automated or replaced[5]. It can be argued, however, that people within a company as large as Combitech could use some help in expanding that network.
5.2.3

Formality

The traditional way of writing requirements in a very formal and strict way is,
as expressed by Rudin, both hard to do and very time consuming if one is to
capture all requirements in a system. The formality of requirements does have
advantages, however, in the way that once they are formed they contain less
ambiguity than requirements using a vernacular language formed without explicit rules. The way the SDT is formed, especially with the way behaviours are
written, puts the rules of grammar and structure in contrast with a more relaxed
way of working with use cases and uses the advantages from both techniques.
The informal communication of requirements also comes into play in the identified importance of the social network, since humans will benefit from having
a structure to base their discussion of functionality and implementations on,
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while they cannot be expected to communicate only through formal requirements. Forming the SDT the way it has been done allows for both formal and
informal communication of system descriptions, creating a hybrid with the best
of two worlds.
5.2.4

Ambiguity in Choice of Designation

The whole purpose of designations is to avoid confusion that stems from ambiguous terms, and using different words to describe the same thing can be
equally troublesome. As in the example of work orders, issues and tasks presented in section 3.7, the meanings are in some cases very similar. To avoid
defining the same thing multiple times, it could be helpful to have a dictionary of already defined designations. What speaks against this is the effort
involved in maintaining such a dictionary, as well as searching through it while
describing systems, but the gain would instead be increased searchability and
increased transparency in the system descriptions.
5.2.5

Choice of Interviewees

The interviews conducted during the course of this project were done with
senior developers at Combitech AB. By selecting the senior staff with backgrounds in different business areas, the interviewees’ experience and skills
include all different stages of systems development, using different methodologies and tools, as well as business development and customer relations.
Because each interviewee had experiences from different roles and fields,
their answers could cover a larger number of areas than if each interview had
been done with a specific role in mind. It is important to note that Tordenlid
and Petterstedt have had different levels of knowledge about the project prior
to their interviews, which may have influenced their answers.
5.2.6

Choice of Systems

The process of describing systems using the proposed SDT was, as described
in section 3.5.5, helpful in the way that problems and unclarities could be identified. It is important to recognize that for instance the guidelines for how to
write behaviours is not static, and would probably grow if more systems were
to be analyzed. The SDT is a proposed starting point of how systems could be
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described in order to fulfill the identified requirements, but it should be subject
to evaluation as it is used to describe more systems.
5.2.7

Eos Was Not Tested on Users

As detailed in the section section 3.6, the main purpose of the implementation
constructed was to illustrate the functionality and the possibilities of such an
applications. Thusly, no principal attempt was made to involve real end-users
of the application. However, it may be argued that the preparatory work that
was performed to understand the users and their current context is a first step
to ensuring the usability of the application.

5.3

Other Implications and Applications of this Method

Using the proposed SDT and a software tool based on it may lead to several
advantages that are not in the focus of this project, but identified during the
interviews and literature research.
5.3.1

Reusing on a Lower Level of Abstraction

While the method described in this report focuses on the higher levels of reuse
such as knowledge, concepts and whole systems for demonstration purposes,
it could possibly be used as a means of aiding lower level reuse as well. The
same troubles of finding and understanding reusable components that are addressed with the SDT, and demonstrated by the Eos tool, are also applicable
to lower level reuse. By connecting behaviours to reusable components in a
library, code snippets or subsystems, this type of reuse could be made easier. A tool which is developed to support it would have to have more details on
how the reusable components are implemented, without removing the abstraction of behaviours. This could possibly be done by adding connections from
the behaviours not only to their respective lower level requirements in system descriptions, but to the specific reusable components which fulfills those
requirements.
5.3.2

Competitors

By describing not only systems from within the organization, but also include
competitors systems and proposed systems, developers could compare their
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existing products and the ones under development with other companies’ products with similar functionality. This comparison could for example be interesting to measure what functionality you need to offer to be competitive. It could
also be useful to compare which certificates the different systems has, for
sales purposes.
5.3.3

Other Types of Systems

This report, and the conclusions drawn, are limited to systems which fall under
the DUCS category defined in section 3.5.1. While there are many systems
which one could argue, however, that the principles can be applied to other
types of systems, as long as they have a high level of user interaction and on
of the focus points when developing them is that they should be easy to use.
The main thing that limits the SDT to distributed user-centric systems is the
entity descriptions, which is required to include at least one entity of each type
in the DUCS definition. This requirement could probably be relaxed in order to
include other types of systems.
5.3.4

User Centered Design

As defined in ISO9241 and discussed by Bevan and Azuma, one step in developing systems according to a user centered design (UCD) approach is to
understand the context of use.[12, 7] Since this is one of the requirements put
on the SDT in section 3.5.2 and shown to be fulfilled in section 3.5.4, the SDT
can be used to store information relevant to a UCD process. Furthermore, the
method purposed in this report supports fast prototyping through reuse, which
can be an effective way of involving the users in the UCD process. While the
method developed is not restricted to UCD, or developed specifically to accommodate UCD, it can be used as a part of a user centered design process.
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Future Work

In addition to the results presented above, several concerns are identified to
hold significant prospect in the field. Interesting as these concerns may be,
they are deemed to be outside the scope of this report and are areas to further explore. Consequently these topics are presented and introduced in the
coming sections.

6.1

Environment Description

The Environment section of the SDT has somewhat been left for others to expand on. There are many different ways of describing a user’s surroundings
and while the main aspects have been identified, a standard on how to describe the climate needs to be established. During the course of this project, a
number of different suggestions for climate and biome descriptors have been
identified. The most promising way seems to be either the Walter System, from
"Walter’s Vegetation of the earth: the ecological systems of the geo-biosphere"
by Walter and Breckle[24] or the climate descriptions decided on in STANAG
2895[2]. The Walter System covers biomes in general terms, while STANAG
2895 divides the earth into different zones depending on temperature, humidity and other factors. STANAG 2895 is originally meant for defining design and
test criteria for materiel used by NATO forces. Since this is what is relevant
for the Environment description, to find out which systems can be used where,
the zones defined in STANAG 2895 might be applicable to the SDT.

6.2

Expanding Environment Tree and Domain List

The lists of Environments and Domains in this report are not exhaustive and
needs to be expanded. This could either be done by analyzing more systems
and letting the lists grow as needed, or by researching more what types of
Environments and Domains one might come across and fill the lists that way.
It could also be interesting to expand the idea of the Environment tree and
supply a set of questions at the different connection points in order to aid the
users in finding the right environment for their system. In the Domain Theory,
developed by Sutcliffe, the user is guided by questions to find the right usable
component category in a library.[20]
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Develop Base Cases

In order to make the SDT easier to write, base cases for User Roles should
be developed. These could be typical users that appear often, but with slight
differences from system to system. If one could supply the writers with base
cases for User Roles such as a Pilot or Security Guard, the writer could then
possibly more or less take those base cases and use them in their own systems. It is important that these classes of User Roles are modifiable and not
too specific, so that they can be applied to as many systems as possible.

6.4

Economical and Legal Aspects

There might be complications where a company wants to reuse systems developed for customer in project for a different customer. This needs to be
investigated further, to ensure that the customer for whom the system was
originally developed gets compensated according to any existing agreements.

6.5

Developing a New System

Due to the fact that the implementation presented in this report is a limited
demonstration, of what such a tool would succeed in organizing and presenting information formulated using the SDT. It is therefore seemingly appropriate
to actualize a complete implementation in order to fully demonstrate the possibilities presented by reuse.
Connect Contact Details A desire and an opportunity that arose during the
development, of the demonstrator for this project, was the yearning for such a
application to be coupled with a system that manage employment records and
resumés for staff members. Naturally, such a functionality could be included
in a complete system. However, a system used in the human relations department of a company should perhaps not be overly complicated and include
functionality for reuse, since it not their task.
Evaluation Together with Real Users A great opportunity that arises if the
decision is made to develop a complete system is the ability to develop and
evaluate the system together with its intended end-users. By doing so, the
usability of the tool would further be improved and it may be adapted to fit
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a certain type of organization, or specific department within a company. As
mentioned in the section section 5.2.7 the emphasis of this report laid on illustrating the functionality, and only the initial phases of including the users in
the development was made. Consequently, the usability could be ensured and
evaluated if the effort were to be emphasized.
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Environment Decision Tree

Figure 7: The decision tree, which is used to determine the operating environment for a
given system.
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Distributed User-Centric System Model

Figure 8: The Distributed User-Centric System Model.
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Example System

General Description
This is a system for a transport and logistics company, to support a package
delivery system. It is meant to help increase productivity by helping Drivers
handle packages in a better order and take better routes to and from packages, while ensuring safe driving. It is also used to monitor how the company
vehicles are used, to ensure efficient use of the company’s resources.

General Scenario
A Driver looks at his list of available packages and reserves the one closest
to him. The System calculates the quickest route for him to take to get to
the package. The Driver drives through a Restricted Area and his vehicle is
automatically slowed down while in that area. The Driver reaches the package’s location. The Driver loads the package onto his vehicle. The System
calculates the best route to the package’s delivery location. The Driver takes
the route to the delivery location. The Driver marks the package as delivered.
The Operator monitors the events and routes taken by the Drivers and reviews
statistics. The Operator directs more Drivers to area with a high number of
work orders.

Contact Details
Name:
Telephone:
e-mail:

A. Nonymous
555-0123
a.nonumous@example.com

Standards and Certificates
None
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Domain
Logistics

Environment
#1
Biome or Climate:
Operational Area:
Operational Environment:

Not available
Land
Outdoor → Natural → Vehicle

Biome or Climate:
Operational Area:
Operational Environment:

Not available
Land
Indoor → Office

#2

User Roles
Driver
Goal

The Driver is responsible for
delivering packages as quick
as possible, without damaging
them or endangering himself
or others.
• Has driver’s license.
#1

Characteristics
User Environment
Operator
Goal

The Operator is responsible
for ensuring day-to-day
efficiency by allocating
resources to work orders.
• Familiar with Microsoft
Windows operating system.
#2

Characteristics
User Environment
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Entities
MU
Driver Aid

Model:
Requirements:

Samsung Galaxy Tab
• Size: Small enough to fit
in a vehicle
• Size: Large enough to
be used while driving
• Battery: At least 9 hours
(so that the unit does not
have to be charged during
a work shift).
Driver
#1

User:
Environment:
MO/CO
Model:

Desktop with Microsoft
Windows 7
None
Operator
#2

Requirements:
User:
Environment:
Sensor
Position Tracker

Model:

Built-in GPS in Samsung
Galaxy Tab
• Accuracy: The position
needs to be accurate
enough for rough driving
directions to be calculated.
The System
#1

Requirements:

User:
Environment:
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Behaviours
Number
1.
2.
3.
4.
5.
6.
7.
8
9.
10.
11.
12.
13.

Behaviour
Driver gets work orders which are unhandled
Driver marks work order as reserved
Driver marks work order as delivered
Driver gets best route to a destination
Driver communicates with other Driver
Operator communicates with Driver
Operator views position of Driver
Operator views planned route for Driver
Operator gets performance metrics
Operator defines Restricted Areas
The System changes speed limit of a Driver to 30 km/h when it enters a
Restricted Area
The System changes speed limit of a Driver to 90 km/h when it enters a
Normal Area
The System warns Driver before same Driver enters a Restricted Areas

Designations
Term
Work order

Unhandled
Reserved
Delivered
Best route
Communicate
Performance metrics

Restricted Area
Normal Area

Designation
A package that needs moving from one place to another. The
status of a work order can be either Unhandled, Reserved or
Delivered.
Status of a work order that has not yet been reserved by a Driver.
Status of a work order that has been selected by a Driver to
deliver, but has not yet been delivered.
Status of a work order that has been moved from its starting
position to its destination.
The route a Driver should take from one position to the next.
Defined in terms of distance, time and cost.
A two-way transmission of meaningful messages.
Saved data about the logistics activities. Including, but not limited
to: distance traveled; Operational hours; Top and avarage speed;
Number of loads carried; Entries in restricted areas; Vehicle stop
time; Vehicle utilization.
An area in the world where extra caution is needed. For example
areas near schools and playgrounds.
An area in the world which is not a Restricted Area
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Eos Screenshot

Figure 9: Screenshot of Eos.
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