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Abstract

This report describes the reference model underlying the transformation be-
tween different models and the traceability between the same.
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Introduction

1 Introduction

Currently requirements specifications, even for very complex systems are de-
scribed often informally, e.g., using text. Other notations that are frequently
used are use cases and certain UML diagrams. But also notations of a formal
nature such as SCR [HJL96] or sequence-based specifications [PP03] are dis-
cussed. The more formal approaches are usually discussed often in an embed-
ded environment.

During software development several of these notations are used concurrently.
Sometimes they are used together to complement each other, sometimes they
are used in different steps of the RE process (e.g., starting with high-level re-
quirements sentences, refining them into use cases, detailing this in the form of
a sequence-based specification). As the combination of multiple RE technigues
without further support is highly error-prone, we developed the requirements
engineering reference model to provide a semantic basis for the consistent ap-
plication of multiple requirements specification techniques in a single project.

Besides the mere integration of multiple techniques, the reference model aims
at supporting the following activities in the requirements engineering process:

e |t enables the systematic checking of consistency among various models that
are used together during requirements engineering.

e |t provides a semantic basis for the transformation of requirements specifica-
tions from a higher level representation to a more detailed specification.

e |t supports the mapping of requirements models to other life-cycle models
(e.g., architectures and test cases).

e The model provides a semantic basis for traceability.

1.1 Reference Modelling vs. Meta-Modelling
In this report we focus on a reference model for requirements. As this can be

easily confused with meta-modelling, we will discuss in this section the key dif-
ferences among the two concepts.
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1.1.1 Meta-Modelling

Especially the UML made the concept of meta-modelling rather well-known.
The underlying idea of meta-modelling is to model the vocabulary of a lower-
level model. From this point of view meta-modelling extends the relationship
that exists between a specific model (e.g., for a specification for cruise control
systems) and its modelling language (the meta-model) to an infinite number of
levels (as it is always possible to find a “higher” abstraction level).

This is shown for three levels in Figure 1. Thus, meta-modelling can be under-
stood as a process of successive abstractions.

1.1.2 Reference Modelling

Reference modelling is strongly different to meta-modelling as it does not in-
volve successive abstractions. Rather it aims at providing a common frame of
reference for different models (or meta-models) on the same level. Thus, a ref-
erence model, like the one we propose in this report, can be seen as a form of
Esperanto — a common language on the same level of abstraction that can be
used to translate basic expressions to and from. Relative to Meta-Modelling our
reference model exists not on the meta-meta-model level, but it belongs to the
meta-model level.

The key benefit that the existence of the reference model brings to require-
ments engineering is that it enables to focus on a standard to requirements
representation, instead of devising an open-ended number of ways of represen-
tation. Thus, while it is of course still possible (and encouraged) to use other
means for requirements representation, the availability of the model enables to
reduce the number of translations that must be understood from n? to n+1 (+1
for the reference model).

Indeed the reference model we describe in this report is more regarded as a

means for the translation and mapping of different forms of requirements-
related information than as a modelling paradigm in its own right.
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2 Related works

Figure 2

In [GGJZ00], a model is presented, defining different kinds of artefacts relevant
in the requirements context. Figure 2 depicts the model presented in the refer-
ence. Even though this, quote, reference model is useful on a conceptual level,
it does not provide further help how to go from the world (where the user be-
longs) to the program (which is what is being implemented). It should be noted
that the reference model in [GGJZ0O0] is different than of that in this report, and
at first sight might be seen as two completely different things. However, they
are both reference models, though at a different abstraction level and with a
different scope.

W = World

R = Requirements
S = Specification
P = Program

M = Machine

Reference model [GGJZ0O0]

[GRO3] presents a framework based on graph transformation for how to inte-
grate meta-models in a reference model. The general theory on the use of ref-
erence models is the same as used for the reference model presented in this re-
port. However, the particular instance is different, as [GR03] focuses on a for-
mal reference model (Labelled Transition Systems, LTS) and graph transforma-
tion. Although this gives us a nice formal framework, integrating early artefacts
written in natural language is difficult.

The MDA community has similar goals as the approach presented here, see for

example the special issue of IEEE Software on MDA [Software], or at OMGs ini-
tiative [OMG].

Copyright © Fraunhofer IESE 2005



Requirements Reference Model

3 Requirements Reference Model

The purpose of the requirements reference model is to provide the foundation
for systematic development in the real world, i.e. when faced with a set of
models, not just one. This section presents the general idea of a reference
model and how it is interpreted in this approach and specifically the proposed
reference models for requirements. In Section 1.1, the general concept of a ref-
erence model is presented. An introduction of the Requirements Reference

Model is found in Section 3.1. The entities in the reference model are presented
in Section 3.2.

3.1 Introduction
The requirements reference model can be seen in Figure 3. The boxes are the

entities in the reference models and the lines the relationships between the en-
tities. The reference model is described in class diagram syntax.
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Requirements reference model
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3.2 Requirements reference model entities

Requirements Reference Model

The entities in the requirements reference model, Figure 3, are described in this
section. The entities are intended to be the union of the meta-modelling enti-
ties for all relevant requirements models. Hence, each model used for require-
ments should be translatable into this reference model, though not necessarily

one-to-one.

The core concepts can be found in Table 1.

Table 1 Model entities

Entity

Description

Example

Goal

A general condition that shall
be achieved in the future or
should still be supported.

All receipts must be processed within
24 hours

No non-authorized person should
gain access

Scope

A derived entity from all sys-
tem and environment enti-
ties.

ATM: The ATM hardware, with the
interface to customers (environment
entity) and keyboard and display
(system entities)

State

A (sub-)system is at any time
in a state. Two states are
distinguishable, if the same
input leads to different sys-
tem behaviour.

ATM: Ready to accept card

Missile: Weapon armed

Event

An observable change of
monitored variables

The weather is changing (e.g., light-
ning bolt)

A request for payment is made

Condition

A logical expression over the
vocabulary provided by the
specification language (im-
plies only that complex com-
binations can be made) (in-
cludes restriction)

Condition on state (if state is ready
and previous state is booting)..

Condition on inputs (if person=klaus
and occupation = Fraunhofer...)

Function

Mapping between input and
output information (typically
attributes) (similar to the
mathematical definition of a
function)

ATM: determine payment (types of
bills) - this is timeless

ABS: incrementally increase breaking
(restricted by amount of time - gradi-
ent)
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Environment
entity

Anything that is outside of
what we are describing but
has a relationship to what we
are describing. Environmental
component is always never a
human.

ATM: Display
ABS: the brakes

Task

A series of at least two func-
tion, events, states, steps,
sub-tasks, etc, and that in-
volves an interaction between
the system and environment
components or stakeholders.
A task is performed to
achieve a goal

ATM: Withdraw money
Missile: Destroy target

ATM: Insert card is not a task, at it is
not goal directed by itself

Activity

An individual step or part of a
task.

ATM: Insert card

Stakeholder

Any human that have a direct
or indirect relationship to
what we are describing

User, card owner, driver, captain,
developer, buyer, customer

Actor

Special kind of Stakeholder
that is interacting directly
with the system.

User, maintainer, ...

System entity

Any entity/component which
is within what we are de-
scribing.

Operating system: Scheduler

ABS: signal converter / output regis-
ter"

Attribute

Anything observable or
changeable about an envi-
ronmental component or a
system entity

ABS: break pressure (controlled about
brakes)

wheel rotation (measured about
wheels)
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Summary

ry

This report presents an attempt to develop a reference model for requirements
engineering models. The goal of the reference model is to provide the support
for transformation and analysis across different models and modelling ap-
proaches.

Future work includes elaborating on the relationships between individual ele-
ments and a more formal foundation of the reference model, specifically to
support automation. The former is as of yet not in the reference model at all.
The latter is specifically of interest en considering tool support.
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