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Abstract

Requirements engineering (RE) builds a crucial part in software evolution. Nowa-
days, industries are more then ever facing the problem that the RE process is highly
volatile due to the closeness to customer’s capabilities, to used process models and
to produced specifications. The missing integration of RE into the development life
cycle and the missing support of project-specific influences complicate the use of
available RE approaches as a standardised, company-specific RE process that fits
to the needs of individual (variable) project environments.

In this report we provide an artefact-based RE reference model for business infor-
mation systems. It serves as an orientation for producing precise specification doc-
uments being conformant to the reference model. Based on this reference model,
we define a mechanism for a systematic and transparent customisation of the ref-
erence approach. The customisation mechanism defines how to customise the ref-
erence model at organisational environments concerning process-integration. This
process integration is performed with the V-Modell XT, the standard development
process for IT-projects within the German government. Furthermore we show how
to customise it at project-levels according to variable project influences.

We provide therefore a RE model that is highly customisable and deeply integrated
into the development life cycle and prepare its application in real life projects. We
lay the foundation for a systematic and integrated RE that fits to the needs variable
project environments.

Keywords: Sofware Engineering, Meta Modelling, Artefact Orientation, Software
Development Process, Requirements Engineering, Business Information Systems,
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1. Introduction

Requirements Engineering (RE) lays the foundation for successful development
projects regarding cost and quality [Bro06]'. The activities that are performed as
part of the RE process aim at the specification of requirements that unambigu-
ously reflect the needs of all relevant stakeholders [FGP04, Gei05]. The precise
elaboration of requirements supports subsequent software development processes
like architectural design, but also project management processes. For example, re-
quirements are the basis for the definition of contractual agreements [HWFP07].
Hence, RE builds the basis for efficient and effective, customer-oriented develop-
ment projects.

However, the first step for companies towards RE excellence consists in the def-
inition of a RE process at an organisational level. This includes the preparation of
methods and techniques for a company-wide use. Furthermore, the process must
be integrated into the development life cycle. This integration concerns establish-
ing the association of RE-specific results with contents of further processes of the
development life cycle and is known as process integration.

Once the RE process has been defined and integrated for a company, it has to me-
thodically guide through the elaboration of requirements at project-level, thereby
within each individual project of a company. The RE process that is executed at
the project-level must then support the precise definition of requirements. Pre-
ciseness in the definition of requirements includes aspects of structure, syntax and
semantics regarding the content of the specification documents. Obviously, the
process must include the basic concepts respecting the needs of individual do-
mains of application. Such a systematic RE approach achieves for requirements
engineers awareness of constructing requirements specifications that are conformant
to domain-specifics regarding completeness and consistency of the results®. Complete-
ness means that the results are described with all necessary elements, for example
that each use case has a unique identifier. Consistency concerns the consistency
in the relations between different results. For example, that each use case descrip-
tion needs the explicit and separate description of an actor. Both completeness and
consistency within and between the results are the basis for seamless modelling,
thus, for continuity between the activities of the RE process and also between RE
and further development processes.

Still, in practice the definition and the execution of RE processes is often com-
plicated. It begins with a missing awareness of RE at organisational levels ne-
glecting also its integration into the development life cycle. In addition to miss-
ing company-specific RE approaches, different project-specific influences make the
process highly variable. A consequence is that engineers often act solution-biased
in terms of adopting the solution rather then precisely specifying requirements.
As there is no systematic reference approach that can be taken as an orientation for
producing precise results, the results remain incomplete and inconsistent. This, in

1 In the context of the introduction we use the term requirements engineering in the broader sense. In
Sec. 1.5 we give an overview on the essentials of the application domain of business information
systems and define in Chp. 3.1 at this basis the discipline business information systems’ analysis as a
roof top over aspects of requirements engineering and aspects of business engineering.

2 The term “domain-specific” addresses in the context of this report a situation, characteristic and /
or concern that is typically used in a domain of application such as in the one of business information
systems.
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turn, causes a disruption in the development life cycle, as the results being pro-
duced by one development activity are the necessary input for the next. A conse-
quence is an observable quality downslide of the process, thus the results of the
process and finally the application being developed.

We subsequently discuss in this chapter the reasons and resulting phenomena of
solution-orientation in RE. We elaborate the necessity of a systematic RE approach
that supports conformity of the results specific for a domain of application within
individual projects. It must be customisable to the needs of organisational envi-
ronments respecting the process integration into the development life cycle and
customisable to the needs of individual projects.

1.1. Problem Statement

Although the research area of RE comprises several well understood techniques
and approaches, in practice it is often not possible to apply them as part of a sys-
tematic process.

Two reasons for this circumstance are
1. the missing integration of RE at organisational levels.

2. the missing support of project-specific influences that make the process at
project level highly variable.

Missing Integration of RE at Organisational Levels. One root cause for a com-
plicated appliance of a systematic RE approach in projects is the missing integra-
tion of RE into the development life cycle (at organisational level). The definition
of a process and its integration into the development life cycle strongly depends
in turn on the domain of application. At the example of business information
systems existing frameworks, such as [Zac87, Gro06, Gro], arise from decades in
which RE was neglected to be an integrated part of the software development
life cycle [Boe06]. Even if the philosophy of “IT Business Alignment” concerns
the principles of RE in terms of specifying needs towards IT systems in order to
achieve some outcome of value to a customer’s business (process landscape), in
mentioned standards, the results of RE are still not seen as an integrated part of
the development life cycle. Hence, on the one hand, RE is recognised to be a vital
part of engineering activities for constraining the current or future state of any as-
pect of the business and underlying business information systems [BAB09]. On the
other hand, there is still a gap between the principles of RE and the architecture
driven research area of the application domain of business information systems.
Section 1.5 gives an overview over the essentials of the application domain and
corresponding (enterprise) architecture frameworks.

However, a consequence of current approaches and frameworks neglecting RE is
that companies often do not include RE aspects into their process models. They do
either define domain-specific methods and techniques for a systematic elaboration
of requirements, nor do they integrate the results into the development life cycle.

Missing Support of Variable Influences at Project Level. The missing integra-
tion of RE into the development life cycle takes strong influence on the aware-
ness of engineers towards possibilities and necessities in RE for producing precise
results. Even if a company defines and integrates a RE process, it still does not
necessarily support individual project-specific influences that engineers have to
face at the project level. Examples for such influences are: Constraints onto used
specification structures and contents based on e.g. existing documentation; De-



1. Introduction

gree of innovation of the application; The motivation, the significance, the avail-
ability and the degree of technical ability of the stakeholders and their different
needs and perspectives onto the application. Compared to (constructive) devel-
opment processes, the closeness of RE to the influences of customers makes the
process highly variable. A far more complicating aspect is that many influences
arise during the execution of RE, as many things are not clear from the beginning
of a project [BPKR09]. The influences pervade therefore not only the set-up, but
also continuously the performance of the RE processes and used techniques, as
done within no other development process. Besides affecting the necessity and
possibility of producing specific results, it affects also the way of producing these
results.

Hence, the possible and necessary preciseness and quality of the requirements on
which the following development processes build on, is mostly determined by
project-specific influences. They complicate a standardisation of RE within indi-
vidual project environments and thereby the awareness of RE at the project-level.

Resulting Unaware Solution-Orientation in RE. As described, one problem al-
ready consists in the missing definition and integration of a RE approach for par-
ticular domains of application at organisational level. Even if RE-specific meth-
ods and techniques are available they do not resists variable environments at the
project levels.

The main effect can be observed in the degree of solution-orientation. This means
"how fast to switch” to design activities, before or instead of refining and approv-
ing requirements with customers to a precise and explicit level. Although there is
no exact definition of the term ”solution-orientation” yet, it addresses the approach
in which requirements remain on a high level of abstraction and directly twisted
by solution ideas. Further development processes then act according to incom-
plete and inconsistent requirements — the solution space then dominates the stated
problems. Instead, problem-orientation is meant to be the approach of a continuous
approval process of problem statement, refinement and problem solving, in which
requirements are finally analysed and refined according to the customer’s needs
to precise requirements.

In fact, 46% to 50% of IT development projects act solution-oriented. This tendency
was already observed during the late 1970’s and extends to nowadays, as shown
by several surveys [Boe06, Boe79, Hos87, Com99, SG02, cha]. Solution-orientation
is taken into account in some cases on purpose in order to yield a certain process
efficiency and in order to avoid a scope and approval creep (often known as “gold
plating” [Wie03]). Still, the unaware solution-orientation is mostly enforced by the
missing understanding of engineers towards the necessities and possibilities in RE
and project-specific influences.

The consequences of solution-orientation in RE are “underspecified”, respectively
incomplete requirements (specifications). They do not include measurable and
traceable contents, therefore causing inconsistencies among the results. This, in
turn, causes a disruption in the development life cycle, as the results being pro-
duced by RE activities can not be used as an unambiguous input for further de-
velopment processes. It negatively affects a continuous development process.
As the customer goals can not clearly be proven for satisfaction, this increases
the risk of delivering IT systems that qualitatively do not meet the expectations
of customers, thus do not support their organisations as expected. The applica-
tions do not achieve the expected outcome what, in turn, result in cost-intensive
additional development activities, expand the time schedules and the costs of
a project [BEJ07, cha] and—an aspect that is often not included within actual
surveys—it affects the relation to customers, e.g. regarding missed follow-up
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projects.

1.2. Objectives

Companies are facing the problem of standardising an efficient and effective RE
process that fits at the same time into individual project environments. This in-
cludes (1) the definition and integration of a RE reference process at organisational
levels (2) which serves as an orientation at project levels, while (3) supporting a
systematic and sustainable decision taking according to project-specific influences.
Companies are facing the problem of enabling a balanced problem-orientation in RE.

A balanced problem-orientation concerns the definition and integration of a RE
approach, specific for one domain of application. Supporting the awareness of the
results of RE, it aims in addition within individual projects during the set-up and
the performance of a RE process at a continuous reflection on project-specific influ-
ences and a systematic decision taking. The decisions refer to act either problem-
oriented or solution-oriented, where possible and where necessary. Obviously, it
must precisely define when requirements are underspecified and the process there-
fore solution-oriented (enabling controlling of RE efforts). However, during cus-
tomisation it must ensure at the same time, independent of taken decisions, sus-
tainable consistency between and completeness of the elaborated domain-specific
results.

Summarised, in order to enable a balanced problem-orientation, it demands for an
approach that:

1. ensures consistency and completeness of the results to enable a seamless
modelling and thereby continuity within the process. It has to precisely de-
fine the structure, the syntax and semantics of the results, specific for the
chosen application domain.

2. can, at an organisational level, be deeply integrated into the development
life cycle, i.e. be integrated into process models establishing relations to
development-specific and management processes.

3. guides at project-level the reflection and decision making regarding project
influences that arise before and during the execution of RE both affecting the
construction of the results.

It must achieve a balanced problem-orientation in terms of supporting awareness
of RE processes with precise results respecting conformance to a domain-specific
reference. This reference must be customisable for organisations and projects.

Although the necessity of a domain-specific RE reference that is based on a cus-
tomisable paradigm is understood, there is still little guidance on how to achieve
it.

1.3. Related Work

The problem of variability in designing a process in early stages of development is
recognised. Still, it is not completely understood. The reasons is that the principles
of customisation strongly depend on the chosen paradigm.

We subsequently discuss different paradigms of the research area of RE, the area
of business engineering further domain-specific areas for approaches and their
possibility of customisation. We show how the concept of artefact-orientation, in-
corporating the philosophy of model-based development, can achieve a balanced
problem-orientation.
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In general we can divide the approaches and methodologies into two major
paradigms: process-based approaches and artefact-based ones. Both are discussed
in the following.

1.3.1. Approaches Following a Process-Based Paradigm

Process-based approaches describe development activities and methodologies to
elicit, analyse, document and validate requirements. Approaches that identified a
process-based paradigm primarily emphasise the way that requirements are pro-
duced or used and steps that should be performed in order to achieve a specific
outcome. They define how to do something and benefit a comprehensive descrip-
tion of a process.

Process-based approaches, however, can be structured into single techniques and
into comprehensive process models. An example for specific techniques in RE is
the non-functional requirements method by Doerr [DKVKP03, DKK*05] that proposes
the use case-based elicitation and documentation of non-functional requirements
in general. Doerr et al. cluster furthermore in RegMan [DKOAO06] such techniques
and best practices, gained from a survey, into a comprehensive process framework.
A further example for such comprehensive frameworks is given by Robertson et
al. in [RR99].

Hence, the area of RE offers several well-understood process-based approaches,
reaching from heavyweight ones, e.g. described by Wiegers in [Wie03] to ag-
ile ones, e.g. described in [PEM03, SS06]. The latter emphasise for example the
elaboration and implementation of requirements according to a cost-benefit no-
tion [KR97] implicating an efficient and customer-oriented process in terms of
value-based software engineering principles, as proposed by Boehm in [Boe03].

Still, these approaches (and possible combinations of them) have in common that
they do not resist varying project situations that go beyond cost/benefit-oriented
project influences. Furthermore, they do not ensure conformance to domain-
specifics. Hence, independent of the concrete process that is chosen according to
an organisational culture, they cannot handle various problems at the project level
such as:

e How can restrictions on the used process models be handled?

e How is the process set-up based on specifications that are given by cus-
tomers?

e What requirements are used in what detail by further development pro-
cesses. For example, as a basis for performing pricing activities or for defin-
ing contracts?

The exclusive description of processes and activities does neither allow any cross-
entry into development activities, nor does it support the definition of decisions
that have to be made during RE activities. Approaches that follow the process-
based paradigm do not offer a structured framework, in which one has the ability
of individually acting at the project-level according to varying influences.

These approaches can be — if at all — customised before executing them, i.e.
by pruning a generic process model and defining a specific sequence of activ-
ities that have to be performed, thus by choosing selected techniques (meth-
ods). One example for such a pruning approach is given by Cambell et al.
in [CCR"95]. It describes how to define a strict order of activities according to
“process drivers”. A domain-specific approach is given by the business analysis
body of knowledge [BAB09], introducing also planning tasks that adjust the activities
according to the “project type”, but still remaining on an abstract level without giv-
ing guidance on how to perform this adjustment. This kind of guidance, however,
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has been elaborated by Jiang et al. in [JE03] proposing an algorithm based on pre-
vious work of Zopounidis et al. and Eberlein et al. in order to select processes and
techniques from a knowledge base according to a specific set of “criteria” (project
influences). Both make valuable contributions by including experiences and best
practices. Aurum et al. also define in [AWO5], based on the ideas of different
project influences, a specific model for decision making concerning the support
of decision support systems. They define project influences according to man-
agement aspects, as well as operational aspects of RE, but remain on an abstract
level of implicated techniques (as a cause of the decisions), such as prototyping,
similar to previous work in [AWO03] and the work of Rolland et al. in [RSM95].
Furthermore, these approaches that arise from the research area of decision theory
and decision support systems (see also [RPAT01]) still do not support a process-
integration and a continuous customisation of RE with results that are conformant
to domain-specifics.

Likewise to the field of decision theory, the research area of method engineering,
in particular the one of method construction, aims at the systematic definition of
methods at an organisational level (see also Braun et al. [BWHWO05]). Brinkkem-
per introduces this research area as a discipline for engineering information sys-
tems development methods with a particular focus on tool support in [Bri96]. The
(experience-based) choice of methods for individual project environments is intro-
duced and baptised with the term “situational methods”.

However, we claim that decision taking for a balanced problem-orientation—
ensuring consistency and completeness among domain-specific results, indepen-
dent of taken decisions and chosen methods—can only be based on well-defined
result structure. The result structure and the progress control of the like is not in the
primary scope of the introduced process-based approaches. Therefore, this leads
to the necessity of process-agnostic RE approaches following a domain-specific
artefact-based paradigm.

1.3.2. Approaches Following an Artefact-Based Paradigm

Artefact-orientation in general tackles the variability in designing a process as it
concentrates on the results (artefacts) of RE rather then emphasising a strict or-
der of producing the results. The artefact-based paradigm defines the terminology
and the content of the results (artefacts) as the backbone of project execution and
therefore abstracts from concrete tools or methods. Hence, it overcomes the short-
comings of process-based approaches.

Still, the paradigm “artefact-orientation” is heavily discussed in software engi-
neering and mostly positioned in the context of RE approaches. The terms arte-
facts, work products and product types often co-exist in same and similar approaches,
such as the referred work products that are described in the rational unified process
(RUP) [JBR99, KKO03].

In the research area of RE, we can observe two tendencies and / or understandings
within the paradigm of artefact-orientation in dependency to the concern of related
approaches:

1. Understanding emphasising the structure and used terminology of specifi-
cations documents, and concerning a basis for a process integration.

2. Understanding emphasising the concepts of an application domain that
concern a precise reference for producing the contents of specification docu-
ments that are conformant to this reference.
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Understanding Emphasising Structure. Approaches that emphasise the struc-
tures of the results are often referred to as product-based approaches. Product-
based approaches in general describe the development process based on single
product (types) as part of comprehensive product models. Product models de-
scribe all product types and their relations being produced or used during devel-
opment processes. The single product types within the product models are often
described as a taxonomy. For instance, all documents being produced during by
activities of project management, while each document (product type) includes a
chapter structure. Product models, specifically elaborated for RE issues, are the
Volere requirements specification templates [RR07] and the IEEE Std. 830-1998 rec-
ommended practice for software requirements specifications [0OEEE98] that both define
the structure of requirements specifications, indicating to the necessary content.
These approaches, however, do either define any dependencies between the con-
tents of the specifications, not do they define the (conceptual) content itself. One
step towards this direction has been made with the requirements engineering refer-
ence model (REM) [GBB™06, BPKR09]. REM defines the structure of requirements
specifications with a proposed taxonomy [BPKR09] and informally describes de-
pendencies between the elements of the taxonomy based to proposed refinement
principles. The defined customisation approach within REM describes to prune
for each project-specific contents, to choose methods for producing the contents
and to define a process. Still, it does not provide any guidance for this customi-
sation, for example upon which situations to perform what customisation efforts.
The reason is that the content and the underlying principles of REM are described
independent of domain-specific fine-grained concepts. Thus, it does not provide
a precise reference regarding conformance for produced artefacts respecting com-
pleteness and syntactic consistency, thereby it does not provide the necessary basis
for an organisational and project-specific customisation:

e What are domain-specific modelling concepts and their precise relations that
both define the content and the structure of the artefacts?

e What syntax can be chosen for the artefacts and what are syntactical limita-
tions that ensure consistency?

e What are domain-specific refinement hierarchies for the artefacts and how
do they merge into existing architectural layers?

e Based on the refinement hierarchies, what exactly means problem-orientation
and to what extent are artefacts documented within such approaches (e.g.
when are requirements exactly “underspecified”)?

e How can the artefact model be incorporated into a process model in order to
ensure progress control?

Understanding Emphasising Concepts of an Application Domain. The men-
tioned shortcomings lead to the second tendency of interpreting artefact-orientation:
to the principles of model-based development in which modelling concepts de-
scribe those aspects of a system under consideration dealt with during the devel-
opment process [SPHP02]. How the models are defined depends on their con-
cerns, e.g. concerning the coupling of different tools for different development
aspects like aspects of components and their relation to aspects of data mod-
elling [ER03, SPHP02]. The models usually abstract from domain-specific descrip-
tion techniques by characterising the concepts of this domain, reflected by the el-
ements and their relations found in the description techniques [Sch08]. Hence,
according to this view, the models are all situated in a specific application domain.
Therefore, they are known as domain-specific modelling concepts, as domain mod-
els, or as used in the context of this report as concept models. An example for such a
concept model is given by the data model of AutoRAID [SFGP05], a modelling tool
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that is situated in the domain of embedded reactive systems. Another is given by
Berenbach et al. that couple in [BW07] concepts of use case modelling and feature
modelling or Zhang et al. that define in [ZYC]J06] concepts for modelling services,
both describing blueprints of applied single techniques concerning an integrated
tool chain. A more comprehensive view is taken by approaches that emphasise
whole application domains, such as for the one of web systems, as described by
the UWE approach in [KKZB08] or the already mentioned IAF [Gro]. A further
contribution is given by the Object Management Group (OMG) with the standard
SoaML [Ber08] for service-oriented architectures and UML-based specifications in
general. However, approaches like the mentioned ones make mostly use of UML-
based modelling languages using UML profiles and focusing on the model-driven
methodology in system design (solution design), not taking into account the re-
sults of early stages of development.

Comparison and Combination of Both. Compared to approaches that empha-
sise structural aspects, model-based ones benefit a domain-specific definition of
the content of the results. They enable a seamless modelling and thereby achieve
consistency among the results. This consistency is based on a concept model that
serves as a domain-specific reference for the elaboration of models at the project-
level. These models being produced at the project-level then reflect specification
contents and relations that are conformant to the domain-specific reference. How-
ever, available approaches exhibit the deficiency of not being customisable at or-
ganisational levels and not offering a customisable workflow description. The rea-
son is that the explicit definition of results structure is needed for coupling selected
concepts to a process model, what in turn is not in scope of concept models®.

Still, the principles are comprising to enable such a customisation. This is espe-
cially true if taking a combination of both the explicit structure of artefacts includ-
ing domain-specific contents being expressed by concept models.

1.4. Contribution

In this report, we define an integrated and artefact-based RE approach that is cus-
tomisable towards a balanced problem-orientation. Upon an understanding of
artefact-orientation that combines both the structure and content of artefacts be-
ing expressed by domain-specific concept models, we can incorporate techniques
and notions for producing consistent and complete results.

The proposed artefact model, however, serves then as a reference model for sup-
porting awareness of producing domain-specific results being conformant to the
reference model. Based on this reference model, we define a customisation ap-
proach that customises the approach at organisational levels and at project levels.
Via the definition of the results structure, the artefacts can be integrated into the
development life cycle by defining interfaces to selected processes of RE and fur-
ther processes of the development life cycle. This process integration of the ref-
erence model is performed with the V-Modell XT [FHKS08], a German standard
for software and systems development projects. Furthermore, artefacts build the
necessary basis that can be systematically customised also at project-levels, while
still ensuring results that are conformant to domain-specifics. This will be shown
by allocating project influences to the artefacts that guide through the elaboration

3 “What entities of the concept model have to be constructed within the activity Specify Use Case? What
entities of the concept model belong to the use case descriptions within the requirements specifica-
tion?”
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of those artefacts. We define an approach that systematically builds up the process
while still achieving consistency (and thus continuity).

We lay therefore the foundation for a systematic and integrated RE that fits into
individual (variable) project environments. Figure 1.1 gives an overview on the
contributions that achieve the objectives, stated in Sect. 1.2.

Meta Model for Artefact-Orientation (M2 - Layer)
(Structure & Semantic of the Artefact-Bsed Core Model)

e

Artefact-Based Core Model for Business Information Systems' Analysis (M1 - Layer)

Generic Process Model
(Entities of a Workflow Description)

Artefact Model

Generic Role Model

Artefact Abstraction
Model Artefact Structure (Roles and
(Vertical and (Artefact Types and Content ltems) Responsabilities)
Horizontal

Abstraction )

Artefact Content
(Concept Model & Syntax)

—

Organisation-specific Implementation

Multi-Staged Customisation Approach Customisation to Project Environments

B (MO - Layer)
Custom Process & Conformant Results

_

Figure 1.1.: Overview on the Contributions of the Report

In general, we distinguish according to the OMG between three abstractions: a
meta model, the artefact-based core model for business information systems” anal-
ysis and finally the customisation approach.

Meta Model. A meta model defines structure and semantics of the artefact-based
paradigm. A precise structure and semantics is necessary for process integration
and customisation. Referring to the terminology of the OMG, this meta model is
situated at M2.

Artefact-Based Core Model for Business Information Systems” Analysis. Refer-
ring again to the OMG, this model is situated at M1. It contains concrete elements
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of the artefact-based infrastructure that serve as a reference model for individual
projects. It consists of:

e an artefact model: The artefact model is defined according to the necessity of
a combination of both structure and content of specification documents. The
artefact model defines therefore a (semi-formal) abstraction of structure and
contents of specification documents. The structure addresses the aspects of
hierarchically ordered documents being produced in terms of a taxonomy
in which single content items serve as containers for the concepts, respec-
tively concept models. The concept model (the artefacts’ content) defines
those aspects of a system under consideration dealt with during the devel-
opment process [SPHP02] and reflected in the elements and their relations
found in the description techniques of particular domains of applications, re-
spectively notions [Sch08]. Both structure and content serve as a reference for
the construction of requirements specifications ensuring seamless modelling
of the results. Furthermore, we define for each concept in the model possible
notions by analysing syntactical possibilities for representing the artefacts.
Finally, we define the interfaces of single artefacts to further processes of
the development life cycle. The artefact model then ensures domain-specific
awareness of precise results as engineers can use this model as an orienta-
tion for producing specifications at the project-level that are conformant to

the artefact model respecting consistency and completeness®.

e an artefact abstraction model: The artefact abstraction model defines domain-
specific vertical and horizontal levels of abstraction over which artefacts are
produced, modified and refined (and / or decomposed) and thereby defines
completion levels for the concepts. This benefits progress control during re-
finement of requirements as it fundamentally enables the detection of when
requirements are underspecified, i.e. are incomplete and / or remain at a
certain level of abstraction. This is necessary to infer a definition of the term
“solution-orientation”. Otherwise, the decision on if requirements would be
underspecified and the process therefore solution-oriented would remain to
the expertise of engineers.

e arolemodel and a process model: The role model defines the roles and responsi-
bilities that directly participate in the execution of the process regarding the
elaboration of the artefacts or indirectly contribute to this elaboration. The
process model finally defines a framework with all the entities that are nec-
essary to define a workflow description. This workflow description includes
the definition of methods that are performed in order to produce, modify
and use artefacts. We define phases, activities and tasks (respectively meth-
ods), and milestones, all workflow entities coupled to elements of the artefact
model.

Multi-Staged Customisation Approach At one stage we define the mechanism
for the integration of the core model into organisational environments. This pro-
cess integration is performed with the V-Modell XT and lies in the primary focus of
this report. However, we define at further stages the mechanism to set-up and to
perform the RE process at a project-level (MO0) as part of an experienced-based ap-
proach similarly as known from decision support systems. The approach is steered
by project-specific parameters that affect the elaboration of selected elements of the
artefact-based core model (artefacts” structure, artefacts’ content, milestones, ...).
This finally enables a systematic RE with a transparent decision taking.

4 The primary focus lies on completeness and consistency on the used concepts, the first concerning
the contents of the concepts, the latter concerning the interdependencies between the concepts.
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1.5. Scope: RE for Business Information Systems

As introductory described in Sect. 1.1, there is a gap between the research area
of business information systems and the common understanding of requirements
engineering. We give therefore in this section a brief introduction into the funda-
mentals of the application domain and related terms. We first describe the main
principles and characteristics of business information systems and show how the
principle of IT business alignment relate to the philosophy of RE. We conclude
with the description of exemplary architecture frameworks. The latter is described
from the perspective of “to what extent customer demands are defined”, i.e. what
extent and how IT is aligned with the business needs.

This serves as a basis for defining in Chp. 3 the discipline business information
system’s analysis as a rooftop over the term requirements engineering and the term
business engineering, being in scope of this report.

1.5.1. Steering Principles of the Application Domain

The domain of application of business information systems defines needs towards
a specific system’s category and its (operational) environment in which the sys-
tems are used. The necessities towards the description of the systems and how they
must fit into their environment are reflected by methodologies. These methodolo-
gies in turn characterise the domain of application by two steering principles that
reflect the basic concepts of the domain:

1. IT Business Alignment: How can and must information systems support the
business (processes) of a company?

2. Architecture Models: How must the business and the underlying systems be
described and implemented in order to effectively enable this support?

1.5.1.1. IT Business Alignment

IT business alignment concerns the description of how systems must support a
company in its “daily business”. The description of systems is comprehensively
covered with all related logical, technical and technological aspects by the term
“Information Technology” (IT). In particular, the principle defines what function-
ality systems must offer, how they must be structured and what technologies must
be used in order to effectively and efficiently support the business processes of a
company. The term IT business alignment results thereby from a view that aligns
two basic abstraction layers: the real world layers describing the business pro-
cesses of a company and the IT layers describing the systems that support a com-
pany in realising their business processes.

Business. The term business addresses the business processes of a company that
are necessary to achieve some outcome of value. Business processes are described
in a sense that reflects the real world as closely as possible. They describe the ac-
tivities that are performed, by whom they are performed and what information
are interchanged. Furthermore, when describing business processes they do not
necessarily involve aspects of any underlying systems but emphasise more eco-
nomically driven aspects. Further arising terms are the one of a value chain and the
one of a supply chain. A value chain describes the linkage between values, being an
outcome of business processes. For instance, the value to a customer that makes
use of the (business) service such as when ordering a travel at a travel agency and
the value to a company that offers the travels by purchasing them from another

11
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company. A supply chain in turn describes the linkage of business processes be-
tween companies and markets, between several companies and so on. This chain
of business processes is needed to produce the goods or offer the services (e.g. to
a market) that achieve the value [FSC06]. The description of supply chains and
value chains enables an economically driven view onto business processes and a
flexible integration of business processes, i.e. integration of suppliers, outsourcing
business processes and so on [EHH08].

Information Systems. The term information system addresses those aspects of the
IT infrastructure that are involved into the realisation of the business (process land-
scape) of a company and consequently its supply chains. For instance, all aspects
that are related to a travel ordering system, necessary to support the business pro-
cesses of a travel agency. In the context of this report we use the term Information
Systems (IS), Business Information Systems and IT Systems as synonyms regarding in-
formation processing systems being structured in order to (at least partially) sup-
port business processes. They are characterised by:

1. a boundary, respectively scope
2. a (functional) behaviour that supports business process logic
3. further (also non-functional) properties

The mentioned terms address all layers of a system that have the purpose of sup-
porting selected business processes including the systems” architecture, used hard-
ware, the underlying (network) infrastructures and one or more applications. The
term application exclusively covers aspects of software, independent of a particular
system’s (technical) architecture.

RE as the Alignment of Information Systems with Business. The application
domain of business information systems is steered by the main objective of de-
scribing information systems and needs towards the like in a sense that optimally
supports a certain scope of an economically driven business process landscape.
The established approaches aim at “aligning the systems with the business” (and
vice-versa) [BCVP06, BAB09]. This alignment covers in the nearer sense the philos-
ophy of requirements engineering that aims at describing a problem space as com-
prehensively as possible. RE comprises the iterative and systematic approach of
defining a requirements specification aligned to the elementary needs of all rele-
vant stakeholders [Wie03, FGP04, BPKR09]. The term requirement covers in liter-
ature business processes and goals (often referred to as business requirements) as
well as resulting needs towards the systems [DKOAQ06, Wie03, RJ01, RR99]. How-
ever, as described in Sect. 1.1, RE aspects are still not integrated into the research
area of business information systems and vice-versa. Methods and techniques for
a systematic elaboration of requirements are still missing in approaches for busi-
ness information systems. On the other hand, available RE approaches emphasise
the description of needs towards systems as a consequence of business needs, but
does not include for example methods for exclusively engineering business aspects
such as re-designing existing business processes or describing business processes
with the intent of outsourcing processes and systems (or single parts of them).

Still, the main idea of RE can be paraphrased with the alignment of the needs
towards the business with the needs towards underlying information systems. For
the description of such needs, we make use of architecture models.

1.5.1.2. Architecture Models

Architecture models offer methods to describe the needs of customers towards
business (processes) and systems. They guide the elaboration of an architecture in

12
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a standardised way. Still, the term architecture is heavily used in the research area of
business information systems. We describe therefore in the following two use cases
for the term. The first one exclusively addresses the architecture of a single system.
The second one uses the term in a broader sense, involving also the business into
an architectural perspective and the structuring of systems architectures according
to a business architecture. Furthermore, we briefly describe regarding the latter
use case two different concepts that concern the alignment of both the systems
architecture and the business architecture: enterprise application integration and
service-oriented architecrures.

We aim at enabling a common understanding of the essential principles and illus-
trate the two use cases according to the approach Quasar Enterprise [EHH'08]. We
briefly discuss the use cases from the perspective of IT business alignment to lay a
basis for the description of existing architecture frameworks (and the definition of
the discipline business information systems’ analysis).

1.5.1.2.1 System Architecture Models

System architecture models describe the basic concepts of single system (and soft-
ware) architectures. The concepts are reflected by the structure of an architec-
ture using components, the relations in-between the components and the rela-
tion to a system’s environment, and finally, observable characteristics of the sys-
tems [0oEEE00, Cru09] °. Regarding the observable behaviour of a system, it is
described in terms of usage layers [BFG108], the highest abstraction of a system.
Usage layers include the description of how future users intent to use the system
when performing their business processes. Although the structure and the func-
tionality of a systems is described according to the needs of the business processes,
the system architecture models do not offer means to describe aspects that go be-
yond the usage of single systems.

System architecture models emphasise single systems and their structure rather
than their relations to other systems and to the comprehensive business process
structure of a company. The exclusive description of single systems leads for com-
panies especially in the context of application landscapes to the problem of histor-
ically grown monoliths. Each system supports a chosen set of business processes
and is described without taking a holistic view of further business processes and
their relation to other systems into account. Single systems exhibit as a conse-
quence (over the time) complex dependencies to surrounding systems. Changes
within the business process landscape often lead to redundancies regarding func-
tionality and consequently the changes not only affect single systems within the
application landscapes. The application landscapes are not flexible regarding
changes like the ones that are performed when extending existing business pro-
cesses. Therefore, system architecture models do not effectively support the de-
scription of whole application landscapes.

1.5.1.2.2 Enterprise Architecture Models

Enterprise architecture models (often referred to as organisation architecture models)
take a more far reaching description of architectures including also the structure of
the business and their alignment with an application landscape. The structure of
the application landscape includes often two different perspectives onto the archi-
tectures: the information or information system architecture including the descrip-
tion of applications and the technology architecture with networks and platforms

5 Although the system architecture includes the logical and the technical description of an architecture
(such as used technologies), they are not described in detail since the system architecture is not in
scope of this report.
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(i.e. whole systems). However, the structure of the business is performed by means
like business units. The structure and dependencies of single systems is chosen ac-
cording to the dependencies in-between the business units of a company [Sch04].
The structured business processes (and further concepts like goals) are baptised
with the term business architecture [EHH'08]. Structuring both the business and
the systems according to each other facilitates the alignment of IT and business.
It especially tackles the problem of redundancies and thereby flexibility regarding
changes. The reason is that taking such a holistic view enables low coupling be-
tween single systems within the IT infrastructure as it is not triggered by single
business processes but by the whole structure of a business process landscape.

We describe two basic approaches for elaborating such a holistic view: enterprise
application integration and service-oriented architectures.

Enterprise Application Integration. Enterprise application integration (EAI) does
not only include aspects of single systems, but structures and arranges applica-
tion landscapes. EAI especially aims at giving guidance on how to describe and
implement the architecture of the whole IT infrastructure.

Although, EAI tackles the problem of coupling single systems and thereby gaining
flexibility regarding changes in the business processes, it is a purely technology-
driven concept. For instance, EAI products make use of interfaces and adapters
that enable the coupling of different systems by the use of specific technologies.
Still, the alignment of systems and the business is not efficiently gained by EAIL
EALI approaches do not provide means beyond a technical integration in order to
describe the interdependencies between the business architecture and the IT in-
frastructure. EAI emphasises the technical coupling of systems rather than their
structuring according to structure of a business process landscape of a company.
Consequently, redundancies in the functionality of the systems are not effectively
avoided when describing systems to support whole supply chains [EHH"08].

Service-Oriented Architectures. Service-oriented architectures (SOA) extend the
technical view of EAI approaches by means of structuring the business architec-
ture and describing systems according to this structure. Because there are many
controversies about SOA we describe only the basic principles. The philosophy
of SOA does not primarily describe any technologies such as web services. In-
stead, SOA emphasises the alignment of both, the business architecture including
comprehensive supply chains and the system architecture from a perspective of an
application landscape [TOG09].

In order to enable this alignment, a SOA includes (1) the description of the busi-
ness architecture, (2) the structuring of the business processes by means of do-
mains, respectively business domains, and services and finally (3) the inference of
the structure and the functionality of the application landscape according to the
business architecture. Compared to EAI approaches, a SOA extends the business
layers and the system layers with an additional one that enables a clear transition
between both. The transition is performed by the mentioned services and busi-
ness domains (see also the artefact model in chapter 3). A service is described in
a SOA independent of any technologies. They are used as means to describe how
the business processes shall be supported by the application landscape [EHH*08].
In a fourth step, the application landscape is structured into single systems.

Finally, how to describe exactly a SOA, depends on the chosen framework. We
subsequently give a brief overview on existing frameworks for business informa-
tion systems and embed the principles of IT business alignment to lay the founda-
tion of the discipline that is in scope of this report.

14



1. Introduction

1.5.2. Frameworks for Business Information Systems

Frameworks for business information systems offer methods, techniques and
guidelines. Most of the frameworks in the domain of application use the term “ar-
chitecture” according to the understanding of enterprise architecture models and
are mostly known as enterprise architecture frameworks (see also the fore going
section).

Available frameworks can furthermore be categorised into several areas that are in
scope of the frameworks. For instance, approaches for describing (engineering) ar-
chitectures or approaches for assessing existing architectures. A detailed overview
on the frameworks is given by Schekkerman in [Sch04] and by the Guide to the
(Evolution) Enterprise Architecture Body of Knowledge [Cor04].

However, regarding existing frameworks for describing architectures, we can gen-
erally divide them into process-based ones and artefact-based ones. The process-
based frameworks describe methodologies in terms of defining what has to be
done when describing an architecture. A prominent example for such a frame-
work is given by The Open Group Architecture Framework (TOGAF) [Gro06]. Instead,
artefact-based architecture frameworks give guidance by illustrating the results
that have to be produced and used terminology, thereby abstract from concrete
methods (see also Sect. 1.3 that describes different paradigms).

In any case, most of the frameworks are based on early efforts of John Zachman,
resulting in the Zachman Framework [Zac87]. The framework introduces an abstract
taxonomy of the results that have to be produced in order to describe an architec-
ture. These results are in turn embedded into a matrix in which the rows describe
different “views” (such as the view of an owner, reflected by the business model)
and the columns describe different “focusses” (such focussing on data). This ma-
trix served as a basis for defining abstraction in the elaboration and during the
evolution of further frameworks.

One exemplary framework that makes use of such abstraction is a commercial one,
the Integrated Architecture Framework (IAF) [Gro] being developed by the company
Capgemini since the 1990s. It is based on experiences of architects made during
real-life projects.

We subsequently describe how abstraction is handled within the frameworks at
the example of the IAF. Finally, we define according to the understanding of ab-
straction to what extent business information systems’ analysis is, respectively will
be covered.

1.5.2.1. Abstraction within existing Frameworks

Fig. 1.2 illustrates at the example of IAF [Gro] how frameworks make use of ab-
straction. The figure is structured according to two dimensions. One dimension
describes aspect areas, the other dimension describes architectural layers.

Aspect areas define the architectures that are in scope of the framework. The first
area “Business” and the second one “Information” reflect a comprehensive view
onto the business of an organisation. The third area “information system” and the
fourth one “technology infrastructure” reflect the IT infrastructure that is meant to
support the business, respectively that is aligned with the business (see also Sect.
1.5.1).

Avrchitectural Layers define vertical abstraction across all the four architectures. Ver-
tical abstraction is characterised with the “contextual layer” (Why?), the “concep-
tual layer” (What?), the “logical layer” (How?) and finally the “physical layer”
(With what?).
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Figure 1.2.: Abstraction at the Example of the Capgemini Integrated Architecture Frame-
work [Gro]

The combination of both dimensions define the backbone of the framework giv-
ing with the resulting cells guidance to architects with questions that have to be
answered [EHH"08]. Most of existing artefact-based frameworks (like the IAF)
embed coarse-grained artefacts into the cells that describe an abstract view onto
topics that have to be mentioned within the results (like components and services).

Note that the architectural layers and the aspect areas are taken both in Sect. 3.2 as
a basis for the definition of the levels of abstraction (covering vertical abstraction).

Finally, as stated in the introduction in Sect. 1.1, aspects of requirements engineer-
ing are in most frameworks reduced to the contextual layers (“why shall some-
thing be done?”). As shown in Sect 1.5.1.1, the steering principle of IT business
alignment paraphrases at the same time essential characteristics of RE.

Hence, we subsequently illustrate under this perspective to what extent IT busi-
ness alignment and therefore business information systems’ analysis over-spans
the framework.

1.5.2.2. Business Information Systems’ Analysis in the Context of
Frameworks

Figure 1.3 illustrates to what extent problem statement, problem solving and the
alignment of the both is covered within the frameworks. Dividing the framework
into the two major areas meets the claims of the discipline of RE and at the same
time the claims of the research area of business information systems.

Note that it is not possible to define any exact borders within the framework, be-
cause, first, this depends on chosen methods and approaches for analysis (such as
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Figure 1.3.: Problem Statement versus Problem Solving

offered by the research area of RE), and second, problem statement and problem
solving is performed in iterations, strongly relating to each other.

In the context of this report, we propose therefore also the term business informa-
tion systems” analysis as a rooftop over the principle of describing the needs of the
business and resulting needs towards underlying systems. At the same time, we
delimit from any aspect that deals with designing an appropriate solution respect-
ing the systems that support the business.

Hence, we claim problem statement to over-span:

1. any aspect that covers the business needs including the business architec-
ture [BCVP06, Wie03, GBBT06, DKOA06]

2. any aspect that covers the needs and constraints towards the systems [BAB09,
GWO06, Wie03, GBB'06] including also the transition to the (logical) systems
architectures in terms of illustrated alignment.

Problem statement covering contextual layers, conceptual layers and further layers
that are related to the aspect areas for describing the business is taken therefore as
a basis for the definition of the discipline business information systems’ analysis
in Chp. 3.

1.6. Outline

The remainder of this report is as follows.

Chapter 2 defines in a first step the language for the paradigm artefact orientation
and thereby the basis for the definition of the artefact-based core model.
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Chapter 3 introduces then the core model for business information systems’ analy-
sis. We explicitly define within the artefact model the structure of the specification
documents as a taxonomy with respect to existing standards. We enrich the struc-
tural view of the documents with a detailed concept model, based on selected de-
scription techniques. This concept model defines for selected concepts the concrete
details regarding the content of specification documents including the definition of
conformant constraints. Based on the artefact model, we define the process model
and role model for working out the artefact model and show exemplary methods
that can be used. Finally, this chapter defines the interfaces of RE to the develop-
ment life cycle for the purpose of a clear process integration.

In chapter 4 we define then the multi-staged customisation approach. We intro-
duce the mechanisms for customising the core model of the fore going chapter.

In chapter 4 we perform the organisation-specific implementation, in particular
the process integration with the V-Modell XT, before finally concluding in chapter
5 with a final discussion of the results.

Appendix A illustrates the comprehensive artefact model, including the descrip-
tion of exemplary specification structures and a glossary.
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2. Meta Model for Artefact-Orientation

We subsequently describe in this chapter the meta model for artefact-orientation.
This meta model describes structure and semantics for the paradigm and thereby
lays the basis for the concrete artefact-based core model presented in the next chap-
ter 3. We define the following meta model for this paradigm according to the un-
derstanding described in the fundamentals in Sect. 1.3.2.

This understanding is coined by the necessity of:

1. Designing a precise model of the results as an outcome of engineering activ-
ities while explicitly separating the structure of the results and the content
that reflects the basic concepts of a domain of application.

2. Coupling the entities for a workflow description to this model, i.e. designing
based on the results a generic process model.

3. Coupling roles to this model in terms of defining responsibilities for the elab-
oration of the results.

4. Coupling a model for abstraction with the results that allows the character-
isation of the results according to defined characteristics. This is necessary
for enabling progress control during refinement and enabling the detection
of when requirements are underspecified, i.e. are incomplete and / or remain
at a certain level of abstraction, and the process therefore solution-oriented.

5. Finally, defining this overall artefact-based infrastructure in a modular way
for the purpose of an efficient customisation of single parts, e.g. enabling
process integration.

Contents
2.1. ArtefactModel ...... ... ... .. . ... 21
2.2. Artefact AbstractionModel . .. ... ... ... ......... 23
2.3. GenericProcessModel . . . ... ... ... ... ..., 24
24. GenericRoleModel ............. ... .. 0o ... 25
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Figure 2.1 illustrates the meta model of the artefact-based paradigm. The model
describes the language for the paradigm and defines single sub-models as major
areas of concerns with a specific set of connectors (association classes) in-between
these areas. This benefits a modular structure that can be partially customised to
organisational needs and instantiated to needs of individual project environments
(see also the following chapter 4). Note that the term instantiation is used in the
context of this report for reasons of simplicity for both (1) the inference of an in-
stance of the meta model for a specific domain of application (as done in chapter 3)
and for (2) the inference of models at the project level based on the domain-specific
model.
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Figure 2.1.: Meta Model of Artefact Orientation

However, the centre of the meta model encompasses the artefact model itself that
builds the backbone. It defines a semi-formal abstraction of the structure and the
content of the specification documents. It offers a process-agnostic view and ben-
efits the construction of a modular process model, supporting a continuous work-
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2. Meta Model for Artefact-Orientation

flow of the expected main results. The artefact abstraction model on the left side
of the figure defines the different stages that artefacts pass through during their
refinement. The model describes the different levels of abstraction in order to gain
progress and maturity control of elaborated artefacts. The upper part of the figure
defines the generic process model that describes an abstract sequence of producing
the artefacts within a project by coupling activities and milestones to specific parts
of the artefact model. The roles that take the responsibility for single artefacts are
defined by the generic role model that is depicted on the right side of the figure.

In the following we describe the single parts of the meta model.

2.1. Artefact Model

We explicitly distinguish between artefacts’ structure and the artefacts’ underlying
concepts, i.e. the structure of specification documents and their contents that are
embedded into specific containers (content items). The structure is described with
a taxonomy reflecting the hierarchical structure of produced specification docu-
ments. The included content (the underlying concept model) reflects according to
Schitz [Sch08] the concepts of an application domain in terms of precisely defining
the used elements and their relations for specific description techniques.

The separation of structure and content benefits:

e with its structural view a clear process integration, as specific parts of the
concept model can be coupled to elements of the process model!

e with its conceptually defined content and content relations preciseness re-
specting consistency and completeness of the produced results. It serves as
a reference for producing the results in a manner that is conformant to the
basic concepts of a domain of application?®.

By building the bridge between principles of model-based development and struc-
tural aspects into which the concept model is embedded we support therefore an
integrated model that ensures during customisation consistency and completeness
among the results. Hence, it also facilitates the possibility of adapting the structure
of specifications for example according to constraints. For instance, it facilitates the
customisation of the structure of a requirements specification according to the IEEE
Std. 830-1998 [oEEE98], without violating the dependencies of the specification’s
content.

In fact, the separate and explicit definition of the concepts forms a basis for consis-
tency of the content of the specification documents, independent of their structure.
Hence, it builds also the basis for an effective progress control and the coupling of
different tools.

Based on these differentiating angels from which an artefact is tackled, we define
the term artefact in the context of this report as follows:

Definition: Artefact

An artefact is a deliverable that is produced, modified, or used by a sequence of tasks
as part of one (development) phase and has value to a role. Artefacts are subject to
version control and have a specific type. They are hierarchically structured into content
items that define single areas of responsibility and that are output of a single task. Each
content item encompasses at its lowest level of decomposition:

1 “What elements must be allocated to a chapter that represents a use case model?”
2 “What exact content is needed for describing a use case model and what syntax can be chosen for its
representation?”
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1. Concepts: a concept defines the elements and their dependencies of domain-
specific description techniques used to represent the concern of a content item.
Concepts have a specific type and can be decomposed to concept items, in which
the differentiation is made if different items of a concept can be described with
different techniques.

2. Syntax: the syntax defines a concrete language or representation that can be
chosen for a specific concept.

3. Method: The method (or task) describes the sequence of steps that is performed
in order to make use of a concept.

Example 2.1 illustrates the term of an artefact (and related ones) that is used within
this document at the example of a use case.

Example 2.1. Artefact Types, Artefacts, Concepts and Syntax

The artefact type “requirements specification” consists of several content items,
e.g one including the use case model. Such a content item includes the concept
type of a use case that in turn consists of a ‘name’, a "brief description” and several
other attributes that are to be captured when specifying a use case. Furthermore,
it groups a set of scenarios and has a specific relation to for example actors that act
within these scenarios and that are referred to as concept items. A use case and
the included scenarios, however, can be instanciated within a project in different
shapes choosing a specific syntax. For example using an UML activity diagram in
order to illustrate the sequence of interactions (the scenarios) that are encompassed
by the use case. Another possibility of representing the use case could be using
message sequence charts. The different syntactical possibilities emphasise different
aspects of the concepts in dependency to the assertion we want to make during
project execution, while the concern of the content item is still the same (to describe
users’ intents of using an application).

Note that when referring in the context of this report to artefacts, we usually re-
fer to artefact types (“requirements specification”), rather than to an artefact (“re-
quirements specification "Travel Ordering System”’). Similarly, when referring to
concepts, we refer to concept types (“Use Case”) instead of to a concepts (“UML
Activity Diagram: Search Hotel”).

2.1.1. Artefact Dependencies

The elements within the artefact model can exhibit interdependencies with each
other. We distinguish between structural dependencies and content dependencies.

The structural dependencies are defined by composition (“is part of”), as an arte-
fact is decomposed into several content items (i.e. representing chapters within
the specification documents). Furthermore, due to the definition of (domain-
specific) content dependencies, we also define dependencies between different
content items as a consequence. For instance, the content item “Use Case Model”
has dependencies to the content item “Actors”, as a consequence of the content
dependencies of underlying concepts.

The content dependencies are far-reaching and for reasons of complexity not re-
stricted by specific types within the meta model. Still, as a consequence of the
relation of single concepts with the levels of abstraction of Sect. 2.2 we can distin-
guish within all possible instances of the dependencies between:
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o Intra-abstraction dependencies regarding dependencies between concept of same
(vertical) levels of abstraction, such as: “concept A relates to concept B”.

o Inter-abstraction dependencies regarding dependencies between concepts of
different (vertical) levels of abstraction, such as: “concept B refines concept
A”.
Finally, as the content dependencies are not typed within the meta model, the
domain-specific instances need a definition of conformance constraints.

2.1.2. Content Dependencies respecting Conformance
Constraints

Schitz describes in [Sch08] the necessity and possibilities of enriching domain-
specific concept models with conformance constraints in order to guide an in-
stantiation of the concept models (M1) to the project level (M0). The definition
of conformance constraints supports quality within the models at MO considered
conformant with the reference model at M1. In particular, the application of con-
formance constraints to the concept models benefit the domain-specific awareness
of the results in terms of ensuring:

o Syntactic Completeness respecting the presence of specific concepts such as
“Each Use Case must exhibit a unique identifier, etc.”

o Syntactic Consistency respecting the relations between the concepts such as
“Each business process must satisfy at least one business goal.”

One possibility of defining conformance constraints regarding syntactic complete-
ness and consistency for each concept can be to use logic-based formalisms as done
in [Sch01] that enable automated conformance analyses. How to define and ensure
the conformance of the models at project level to the concept models, depends on
different factors like tool support and is for reasons of simplicity not in scope of
this report.

Hint: Conformance of the Artefact-Based Core Model to the Meta Model
Note that we do also not define conformance constraints for the meta model consid-
ering completeness conditions for domain-specific instances like the artefact-based
core model in chapter 3. In fact, the domain-specific instance (M1) is conformant to
the meta model (M2) as it is defined with the formulated language of M2.

2.2. Artefact Abstraction Model

The artefact abstraction model defines the domain-specific abstraction that refers
to the construction and refinement (and decomposition) of the artefacts. According
to Schitz et al. [SPHP02], we distinguish between vertical and horizontal abstrac-
tions.

Horizontal abstraction reflects aspects like structure, behaviour or roles and is
referred to as modelling views (or perspectives onto a system [BFGT08]) ®. The
single views depend on each other, but can be described autonomously, like a
behavioural view described with a use case model, while the actors that partici-
pate in the scenarios can be worked out in separate views. The separation of such
views allows a structured description of systems and benefits an autarchic deci-
sion taking in which single aspects can be described without directly having to
specify other aspects. However, we distinguish furthermore by modelling views

3 Horizontal abstraction corresponds e.g. in the Zachman framework to the focusses, see also Sect.
1.5.2.
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and business domain views. Business domains are means to groups specific subsets
of artefacts, such as a specific amount of use cases according to defined criteria and
will be introduced in section 3.3.

Vertical abstraction describes for each of the views the refinement and / or de-
composition of corresponding artefacts. We refer to this abstraction as levels of ab-
straction. The levels of abstraction define domain-specific stages of granularity that
artefacts can exhibit depending on the actual scope of refinement, as e.g. depicted
in [GWO06, RJ01] independent of any domain of application. Referring to abstrac-
tion within existing frameworks for the domain of business information systems
(see Sect. 1.5.2.1), the levels of abstraction correspond to the architectural layers
and the aspect areas.

The stages, however, have specific characteristics that match with the degree of
detail of an artefact’s underlying concept and finally its concern.

An outcome during a systematic refinement among the levels of abstraction is the
gained traceability [R]01, Pal91] that primarily concerns the (vertical) relations be-
tween the artefacts (see also the content item “Traceability Matrix” in Sect. 3.6).

However, the artefact abstraction model is an essential aspect for an efficient pro-
cess as it benefits:

e a clear definition of refinement hierarchies, enabling progress control inde-
pendent of a process model such as an incremental one.

e cross entries into the development process, e.g. when setting up a process
based on given specifications as their content can be clearly checked accord-
ing to specific characteristics.

e the definition of completion levels for artefacts and specific stop criteria, e.g.
defining precisely when a use case has been elaborated in full and what the
exact difference is to a system use case of an internal function specification,
still independent of modelling techniques and a chosen syntax.

e the definition of if given specifications imply a solution oriented or a prob-
lem oriented approach as one can clearly check if a specification’s content is
“underspecified” (in terms of if artefacts completely reflect the characteristics
of a level of abstraction)

Therefore, the artefact abstraction model builds the basis for evaluating (given)
requirements for completion, i.e. precisely defining if they are underspecified and
need further refinement by elaborating additional artefacts.

2.3. Generic Process Model

The generic process model defines all the entities of a workflow description that
are necessary to define a project-specific process, such as an incremental one. These
entities are coupled by the means of association classes to the artefact model and
to the generic role model (“what is produced by whom?”). We refer in particular
to phases, activities and tasks.

A phase defines a repeatable collection of activities, such as all activities that are
performed during the business information systems” analysis.

The activities in turn define major areas of concerns that are performed in order to
produce one artefact type. For example, the activity “create business specification”
that concerns several all techniques in order to elicit, analyse and validate require-
ments and finally creates the requirements specification. Obviously, activities are
coupled to one or more roles that take the responsibility for producing the related
artefact type.
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Finally, for each of the activities we define tasks that have an operational character
representing the use of techniques. For example, how exactly to elicit functional
requirements.

Definition: Task

A task is a specific sequence of atomic steps that are performed by a role. A task can
be initiated by using an output of another task. It reads, modifies or produces one or
more concept types with exactly one syntax as an output.

Synonym: Method

While performing a task, we execute in the nearer sense a method in relation
to a specific content item, as we make a selection on which concepts an artefact
should underlie and which syntax we chose for an appropriate representation for
the artefact (see also the research area of method engineering, e.g. introduced in
[BWHWO05]).

The generic process model offers furthermore the concept of a milestone. Mile-
stones are coupled to selected artefacts and content items. A milestone defines a
point in time in which an artefact or content item should be completed. During
project execution we decide then on the relation of the milestones to each other
and consequently on the order on which the milestones should be reached.

The outcome of the combination of instantiated milestones and workflow entities
(phases, activities and tasks) are one specific project execution with one specific
process model.

Finally, the model elements such as milestones and roles are underspecified. A
precise description has to be delivered by the process model (into which the model
is integrated). Of importance are the association classes that state what connection
points have to be available. If integrating the meta model, a meta model-based
development process model has to be used, which contains at least the elements
that are coupled to the association classes such as a milestone element.

2.4. Generic Role Model

The generic role model gives an abstract description of responsibilities that directly
participate within or indirectly contribute to the development process. A role can
take the responsibility for a specific set of artefacts and performs a set of activities
within the process in order to produce or modify the artefacts. This association is
reflected by the association classes Role Performs Activity and has Responsilibity.

However, roles that indirectly participate within the development process may
contribute to or depend on the completion of an artefact but have no responsibility
for this artefact. By the underspecified definition of a role model, it can be cus-
tomised to individual needs as the roles can be customised to the role structure
of a company and then be allocated at project level to specific individuals within
single projects.
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3. Artefact-Based Core Model for Business
Information Systems’ Analysis

We subsequently describe the artefact-based core model for business information
systems’ analysis. We provide according to the structure of the meta model of the
chapter before:

1. an artefact abstraction model in section 3.2 including the definition of (ver-
tical) refinement principles regarding quality aspects and the definition of
when artefacts are underspecified (i.e. the process solution-oriented).

2. a complex artefact model in section 3.3. We first give an overview on the
envisioned artefact types and describe each in detail afterwards. In Sect. 3.8
we describe how the content of single artefacts interrelates with further de-
velopment activities like project management activities.

3. a process model in section 3.9.
4. arole model, described in section 3.10.

This chapter describes what is in general produced, how this is done and by whom
it is done, independent of any (e.g. economically driven) influences that take effect
on the process. How to customise it (1) at organisational level in terms of a process
integration and (2) within individual project-environments, e.g. what artefacts not
to produce due to specific situations, is described as part of the customisation ap-
proach in chapter 4.

Before defining the artefact-based core model we give first an overview on the
discipline business information systems’ analysis.
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3.1. Business Information System’s Analysis

3.1. Business Information System’s Analysis

Asillustrated chapter 1.5, problem statement can be paraphrased with the steering
principle of IT business alignment. We define according to this perspective that the
discipline of business information systems’ analysis covers any aspect that deals
with the description of:

1. the current and the future state of the business (processes),
2. resulting constraints towards envisioned systems.

We use the term business information systems” analysis (BISA) instead of RE for sev-
eral reasons. RE in general emphasises needs towards systems and their devel-
opment process rather than towards a business. In fact, the (re-)design and de-
scription of a business architecture and further concepts that are necessary for
the comprehensive description of the like is known under the term business en-
gineering [Thu04]. It covers nowadays an own complex discipline with own meth-
ods and techniques. Consequently, process models such as the rational unified
process [JBR99, KK03], include business engineering (respectively “business mod-
elling”) into the development life cycle, besides RE aspects that exclusively con-
cerns the description of demands towards the systems.

Therefore, as depicted in Fig. 3.1, we define the discipline BISA as a comprehensive
rooftop over activities that are found in the disciplines of business engineering and
requirements engineering.
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Figure 3.1.: Overview on Business Information Systems’ Analysis

BISA covers two basic domains: the business domain (depicted on the left side
of the figure) and the domain reflecting resulting demands towards single sys-
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tems and their development process (depicted on the upper right side of the fig-
ure). The elements that reflect the business (process landscape) are captured by
the business specification, while the elements reflecting the demands towards the
single systems are captured by the requirements specification (being aligned with
the content of the business specification).

According to this view, we define BISA as follows:

Definition: Business Information Systems’ Analysis

The discipline Business Information Systems’ Analysis (BISA) aims at describing the
problem space as comprehensively as possible. It comprises activities for an iterative
and systematic approach of defining a:

1. business specification, reflecting the essential needs of all relevant stakeholders
towards the current and the future state of the business

2. requirements specification, reflecting the essential needs and constraints to-
wards information systems and their development, aligned with the business
needs stated in the business specification.

In subsequent chapter, we introduce the concrete description artefacts, abstractions
and elements of the process model for a business information systems’ analysis.

3.2. Artefact Abstraction Model

We first introduce the levels of abstraction to which we refer during analyses and
give afterwards a description of the modelling views. Finally, we describe the
principles of refining artefacts by embedding them into the artefact abstraction
model.

3.2.1. Levels of Abstraction

Figure 3.2 gives an overview on the different levels of abstraction, depicting exem-
plary questions that symbolise the levels’ characteristics.

As described the section before, BISA aims at building the bridge between the
needs of a business towards the (future) underlying IT infrastructure in order to
achieve some outcome of value. Hence, we divide the levels of abstraction into two
major areas that are in scope of this report: one describing the business needs and
one representing the needs towards the underlying information systems (support-
ing the business). The first area is represented in yellow scales including the three
initial levels, the second area is represented in blue scales. On the right side of the
figure, we sketch the corresponding artefact types. The business specification re-
flects information about the (idealised) business process landscape of a company
and resulting high-level needs and restrictions towards the underlying informa-
tion system. A requirements specification includes all the requirements towards
the information systems under consideration, being aligned with the business
specification. With the term requirement we refer to requirements towards infor-
mation systems, their integration and the development process (see also Sect. 3.5).

Obviously, there exist more levels of abstraction that refine the last illustrated one
from an architectural perspective (reflecting the system specification). As the fo-
cus of this report lies on information systems’ analysis, we do not describe them
in here in terms of logical and technical architectural layers and resulting system
specifications.
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Figure 3.2.: Overview of Requirements Abstraction Levels

During refinement activities, however, we have a satisfy-relation going from top to
down. Each level encompasses concepts that have to be satisfied by the concepts
of the following levels, independent of the order in which the content is produced.

Organisation’s Context. The organisation’s context defines the high-level, long-
term steering principles and objectives of a company, e.g. the targeted market of
a company and how this market shall be incised. The objectives within this layer
are the main rationale for the underlying business levels and consequently the IT
infrastructure.

Business Process Hierarchy. The business process hierarchy describes the organ-
isation’s structure and thereby a taxonomy of the main offered business services
that fit into organisation’s context. This level does not distinguish between exter-
nally offered services and internally offered ones, e.g. services offered to a market
and ones offered to internal departments. Within this level, we emphasise the
whole business process landscape of an organisation and its structure without a
necessary knowledge of its internal realisation.

Business Process Logic. While the business process hierarchy describes struc-
tural aspects, this level emphasises the internal realisation of the services, in par-
ticular how and by whom they are provided. According to the work of Thurner
in [Thu04], this level defines the business process logic taking an operational and
internal perspective onto the workflow (the work that is carried out) and concerns
all concepts that are necessary to describe that business workflow without an ex-
plicit support of particular systems. It includes also the definition of the informa-
tion that is communicated. For instance, how offered business services are inter-
nally realised by a specific set of activities that are performed by business roles
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producing and using information objects.

Information System Service Hierarchy. The information system service hierar-
chy reflects resulting demands towards information systems’ functionalities. It
includes the description of how particular systems shall support the defined busi-
ness process logic in achieving the workflow. This is done by defining what busi-
ness processes shall be at least partially automatised. The concepts that are used
to represent this level are known as user requirements [Wie03, Coc00, BAB09] that
concern the user’s expectations towards visible characteristics of the systems as a
whole. This level describes therefore how future users shall be supported by the
systems when performing their activities. For instance, how the users will inter-
act with the system. The system is seen as a black box that defines the external
(user-visible) behaviour without describing any internals of the system, such as
the structure of the system by means of (logical) components.

Information System’s Constraints. This level of abstraction includes require-
ments that logically and / or technically constrain a system’s architecture. This
level is known as the one that encompasses system requirements [Wie03] and / or
component requirements [GWO06]. It lays on the boundary to the solution space (de-
sign) and concerns the transition to following logical and technical architectural
layers. The level includes quantified restrictions and implications towards a sys-
tem’s architecture without necessarily needing knowledge about its internals, thus
the system is seen as a grey box (for example restricted with architectural con-
straints). Requirements at this refinement stage can also arise as a consequence of
crafting the architecture, but are still in the primary scope of problem statement.

Solution Space. While the levels depicted by Fig. 3.2 represent the problem
space and are in scope of this report ("What has to be done and why?”), the fol-
lowing levels that go beyond the information system’s constraints describe the
corresponding solution space ("How will it be done?”). They include the system
specifications that describe the architecture that is designed as part of the design
activities (see also Sect. 1.5.2.2). In particular, following levels include :

1. the logical architectural layer (“How will the system be structured?”), and

2. the physical architectural layer (“With what will the structure be imple-
mented?”).

How exactly the layers are represented, depends on the system architecture model
that is chosen. One example is given by the one of the Technische Universitét
Miinchen [BFGT08].

Hint: Levels of Abstraction in Relation to Architectural Frameworks for Business Informa-
tion Systems
In Sect. 1.5.2.2 we introduced abstraction in available enterprise architecture frame-
works at the example of the IAF [Gro]. The presented levels of abstraction interrelate
with the aspect areas and the architectural layers (both stated in combination) as
follows:

e The Organisation’s Context corresponds to the contextual layer

e The Business Process Hierarchy corresponds to the conceptual business layer
and in parts to the logical business and information layer (that include structural
aspects like business units)

e The Business Process Logic corresponds to the logical and physical business
layer and information layer

e The Information System Hierarchy corresponds to the conceptual information
system layer
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e The Information System’s Constraints concerns the transition to subsequent
layers, i.e. the technology infrastructure and subsequent logical and technical
information system layers

Feature- and Goal Levels: Delimiting from existing Approaches

The presented levels of abstraction exhibit differences to existing approaches such
as the requirements abstraction model (RAM) [GWO06] that is defined independent
of any domain of application. In particular, we propose not to describe an explicit
level of abstraction for features or for goals as done in RAM. Features relate to a
set of requirements and can be stated at different levels of abstraction. Goals are
means of making prescriptive statements of intents that are decomposed over sev-
eral stages. Both the features and the goals are therefore not allocated to an explicit
(own) level of abstraction, but relate to selected artefacts that are refined over the
levels of abstraction (such as the goals being allocated to business processes and
business tasks as described in subsequent sections).

3.2.2. Modelling Views

The concepts within the artefact model can be structured according to the follow-
ing modelling views:
o Behaviour defining workflow entities within the envisioned level of abstrac-
tion, e.g. described with a business process.

e Structure that (logically) groups entities of a workflow description, e.g. de-
scribed with a component.

e Environment describing the environment of envisioned structural aspects,
participating and / or motivating a piece of behaviour, such as a role that
performs a business process or an external application.

e Information describing all the entities that are processed by a piece of be-
haviour.

3.2.3. Steering Principles for Refinement and Decomposition

We subsequently give a big picture regarding the principles for refinement and
decomposition. We first illustrate a combination of both the levels of abstraction
and the modelling views, and embed some concepts into the gained raster. In a
second step, we use this overview to illustrate in particular how quality aspects
and corresponding concepts are related to the levels of abstraction. Finally, we
illustrate according to the levels of abstraction the differences between solution-
orientation and problem-orientation.

3.2.3.1. Overview on Concepts in Relation to Abstraction

In order to give an introductory overview on the concepts and their relation to the
artefact abstraction model, we sketch a combination of both the levels of abstrac-
tion and the modelling views. Figure 3.3 illustrates the resulting matrix. Accord-
ing to the characteristics of each cell of this matrix, we embed exemplary concepts
(depicted by the white boxes). The figure is reduced to a simplified representa-
tion since a detailed description can be taken from the description of the artefact
model (see also Sect. 3.3). Furthermore, we do not sketch any process, e.g. by
describing a top-down methodology dictating a specific order to make use of the
concepts. However, the levels of abstraction build a clear refinement hierarchy that
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still symbolises an engagement roadmap. We briefly describe this engagement top
down respecting selected concepts.
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Figure 3.3.: Concepts in Relation to Abstraction

Business Levels. The business process hierarchy describes structural aspects and
aims at an administrative perspective. We describe this taxonomy with business
services and business processes and their relation to corresponding process owners
that take responsibility for the processes. For instance, how a restaurant is struc-
tured and who takes the responsibility for specific parts. These parts are known
as business units and business domains that structure the business (processes) into
parts that are in scope of the future architecture (e.g. the business domains in-
cluding the ordering processes that shall be automatised). The internal realisation
(the workflow) within the business process logic is described with business tasks
including fine-grained process steps. This workflow builds the basis for defining
structure. However, inspired by the approach KAOS (Keep All Objectives Satis-
fied) in [vL04, vL03] that offers methodology for decomposing goals, we decom-
pose the business goals to process-related goals for steering the decomposition of the
business processes into the direction of the desired workflow. At this level of detail
we are therefore able to describe how single user groups perform a specific set of
atomic process steps in order to achieve one process-related goal. Taking this stop
criterion for the business process logic, we can describe for example what steps
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a waiter exactly has to perform in a restaurant when ordering and accounting a
meal. Similar refinement is done with the processed information. While a business
object represents an object of reality, such as the “order” itself that the waiter has
in his mind, an information object describes the content of this order needed when
describing the workflow. At this stage of refinement, we are able to analyse how
future information systems can automatise the business processes, e.g. what single
steps of the waiter shall be supported by the information system in what way.

Information System Levels reflecting the Business Levels. We can make use
of similar concepts for describing resulting demands towards the system as done
within the business levels. We describe within the information service hierarchy
how the systems shall support the business, i.e. how business activities shall be
realised by the use of information systems. For instance, in order to achieve a
process-related goal like “increase the process lead-time when accounting an or-
der”, we can derive IT-related goals concerning the quality characteristic “The sys-
tem shall increase its efficiency”. We decide also what information objects shall be
reproduced by the systems by specifying information system objects (e.g. the order
that is processed by a handheld supporting the waiter). Regarding the behavioural
transition from the business process logic onto the information system service hi-
erarchy there exist two ways of performing this transition. Either by the means of
information system services or by describing use cases. Both concepts provide means
to structure and represent functionality, respectively behaviour of the envisioned
system, needed to realise system supported business processes. With use cases,
however, we describe a sequence of interactions between actors (derived from user
groups) and the system in which we analyse how exactly the business tasks shall be
supported by the system. Instead, with services we describe a logical representa-
tion of the use cases, i.e. functions that the system shall offer. In addition, we make
use of generic scenarios as means to describe further non-functional expectations to-
wards the system and to describe activities that are performed between several
use cases. The last level of abstraction, however, describes demands towards the
system that can be classified into detailed quantified requirements. They represent
single testable or at least assessable properties of the system. They can be derived
from foregoing concepts, e.g. functional requirements from use cases, even if not
restricted to it. Note that at this level the concepts can concern several modelling
views.

Scoping within the Transitions. Finally, the business levels address whole busi-
ness process landscape of organisations, while following levels address whole ap-
plication landscapes. For a systematic and manageable BISA we refer therefore to
the means of “scoping”. Scoping refers to defining the relevant content subset of
one level of abstraction before entering the next. Before specifying the needs of the
business, we define the scope within the business vision. Before elaborating detailed
requirements towards single systems, we define also the scope within the system
vision. Both visions summarise initial results of following levels of abstraction and
align them with the elements that are described within the foregoing level (respec-
tively specification). Furthermore, they define the limitations. For instance, within
the system vision we summarise envisioned information system services (result-
ing from business tasks to be supported) and the borders of the system. Hence,
the visions benefit an effective transition between the organisation’s context and
the following business levels and between the business levels and the levels that
concern the systems. The visions abstract from details of following specifications
and steer all stakeholders into a common direction before initiating the following
analysis activities in full.
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3.2.3.2. Refinement and Decomposition of Quality Aspects

System’s quality and system quality requirements describe characteristics of sys-
tems beyond functionality’. Quality aspects need in general a special consider-
ation because they are easily neglected, often difficult to implement and at the
same time they are a decisive factor for the success of a project. On the one hand
the definition of system quality requirements that sufficiently meet the customer
needs is elaborate (“Does this quality result in a value a customer is ready to in-
vest for?”). On the other hand, the requirements remain often “underspecified”
(see Sect. 3.2.3.3) so that constructive and analytical development phases are not
able to unambiguously interpret, implement and especially control the compli-
ance of the system with the requirement. System quality requirements is in gen-
eral a topic with many controversies as there exist different views onto the term
quality with different understandings and therefore a different handling of qual-
ity [Gli07, KP96].

Hence, we integrate therefore aspects of quality into the levels of abstraction aim-
ing at a clear integration with the principles of software quality assurance.

There exist related approaches that describe the refinement of quality characteris-
tics in parallel to functional needs handling quality and functionality as two au-
tarkic areas. These approaches describe then the combination of both at their last
level of refinement. For instance, by combining system quality requirements with
functional analysis models. An example is given by describing use cases in which
to state the system quality requirements [DKVKP03, DKK*05].

We take a critical stance towards this autonomous handling of system quality and
functional requirements and their late combination during RE because: (1) a clear
differentiation between functional requirements and system quality requirements
is only possible at their last level of abstraction in which the concepts exhibit differ-
ent concerns [Gli05, Gli07] and (2) especially think that the cross-cutting nature of
quality requirements demand a clear integration of refinement principles into ana-
lytical software quality assurance that uses established quality (definition) models
as their backbone (see also [DJLW09]).

Referring to such quality definition models that describe “what quality is”, we
integrate therefore in particular the activity-based quality model of the Technis-
che Universitdt Miinchen that is based in turn on early work of Boehm et al.
in [BBK*78] and McCall et al. in [CM78]. The steering theme is that the quality
of an information system and therefore system quality requirements are expressed
according to the philosophy of: How good are (business) activities supported by the
systems in order to achieve defined (business) goals?

We emphasise the activities that are performed and supported by systems and de-
fine with system quality requirements how specific properties of the system and
parts of it must achieve this support. For example by analysing what activities
an administrator performs on the system and defining what properties the techni-
cal architecture shall exhibit in order to support these maintenance activities. We
benefit with this view a cost-benetif notion by enabling the calculation of the costs
of performed activities using activity-based costing (ABC) methods. We already
showed and evaluated in [WMFIL09, WDWO08] the synergy and integration of this
model into RE to build the bridge into analytical software quality assurance.

Therefore, as depicted by Fig. 3.4 we perform the refinement of quality aspects by
two ways: by (1) a continuous decomposition of goals and objectives over several
stages which are used according to Cockburn [Coc00] to steer (2) the decompo-

1 See also Sect. 3.5.1 that introduces the different requirements classes and content item 3.5.3.5 that
defines the term system quality requirements and its relation to similar terms.
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Figure 3.4.: Refinement of Functional and Quality Requirements

sition of behavioural aspects and characteristics of the business into a customer-
adequate direction, including structural aspects, internal workflows of the pro-
cesses and finally how these shall be supported by the systems. The behaviour is
in the latter case described with means like scenarios and use cases. They show
how specific business activities shall be supported by the system while meeting
in particular IT-related goals (quality attributes, like “maintainability”). Note that
we refer to scenarios not only to describe functionality. An example is given by de-
scribing security requirements in terms of attack scenarios that shall be prevented,
i.e. “misuse cases” [HP08], or by describing security requirements in terms of a use
case that specifies a login-procedure. For this purpose we introduced also in ad-
dition to use cases generic scenarios that illustrates these quality needs. Anyway,
this is especially the reason why we delimit from combining quality requirements
to e.g. use cases, as scenarios are general means to express behavioural demands
towards systems — functional and quality ones.

Hence, at the last level of abstraction, we can derive from mentioned scenarios
quantified (or at least assessable) requirements and classify them according to
Glinz [Gli05, Gli07] only at this level according to their concerns towards system’s
details into:

e Functional requirements, describing single detailed actions a system must
perform (see also content item 3.5.3.3.2).

e System quality requirements, describing specific metrics and values that con-
strain the system and its environment in its properties and conditions (see
also content item 3.5.3.5).

e Architectural requirements, restricting logically and physically orthogonal to
both upper types the system in its architecture — independent of the effects
towards the system’s quality (see also content item 3.5.3.6).

Although we distinguish more requirements types having organisational nature,
we introduce them besides other concepts like business goals within the artefact
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model.

3.2.3.3. Solution-Oriented and Problem-Oriented Refinement

Business information systems” analysis is in general an approach of iterative prob-
lem statement and solution crafting. It is nearly impossible to completely formu-
late a problem with requirements with all their details in depth without having
continuously progressing an idea of the future system in mind [Wie03, GBB*06,
BPKRO09]. Hence, the elaboration of a future architecture begins constantly during
the elaboration of the requirements, as we continuously reflect with each stated re-
quirement on possibilities of solving the problem. With each design decision that
we make, we narrow down the problem space for further requirements [CW97]
(see also Sect. 3.9.2 introducing the process model).

Still, as described in the introductory part of this report, a major problem in prac-
tice is the performed solution-orientation, based on domain-specific awareness of
the artefacts to be produced. This means to switch too fast to solution crafting
and leaving requirements on a high level of abstraction. The consequence is the
possible exclusion of customer-adequate solution possibilities as engineers then
act according to a problem that is not understood in full. The result of this ap-
proach are high-level and incomplete artefacts that do not reflect the real needs of
customers.

However, the term solution-orientation often arises in literature, but mostly related
to specific techniques (e.g. in [DKVKPO03]), or related to underspecified require-
ments [Poh07]. In fact, it is still not properly defined when requirements (or other
artefacts) are underspecified because it is mostly left to the expertise of engineers to
decide if statements remain underspecified and the process is therefore solution-
oriented. Indeed, the terms cannot be clearly defined because this strongly de-
pends on the concept models of an application domain and their project-specific
elaboration respecting (syntactic) completion. Solution-orientation depends of the
artefact model’s underlying levels of abstraction that allow a rating of single arte-
facts according to their completion and their allocation to specific levels of abstrac-
tion (see also Sect. 2.2).

Therefore, based on the defined levels of abstraction that describe the stages of
refinement we are able to decide on if single artefact types and single contents of
the artefact types remain underspecified and the resulting approach is therefore
solution-oriented. Note that a solution-oriented development process can affect
a business specification as well as a requirements specification, because both are
used to describe the problem space as part of a business information systems” anal-
ysis .

Definition: Underspecified Artefacts
A content item is underspecified if it is in a state being not conformant to the corre-
sponding concept type, i.e. incomplete and / or inconsistent.
An artefact type remains underspecified if the corresponding concept types do not un-
derlie further refinements remaining at the level of:
e the business process hierarchy at the example of the business specification and
/or
e the information system service hierarchy at the example of the requirements
specification.

Therefore, we see a single concept as underspecified if it is not conformant to the
concept model. An artefact type is underspecified if whole content items are un-

37



3.2. Artefact Abstraction Model

derspecified (or missing). Both aspects take influence on the degree of solution-
orientation.

Figure 3.5 illustrates the differences between a problem-orientation and solution-
orientation going from left to right.

Business Requirements
Specification Specification

1 1
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(of particular Business Domain) (Component-oriented)
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C Process . System Service System's h "
ontext . Process Logic N Architecture Architecture
Hierarchy Hierarchy Constraints

Ny

# Problem-orientation T o T o TTTTmmmmmmmmmmmmmmmmmmmmmmmmm e
(continuous refinement)

/ Solution-orientation
A (solution ideas twisting requirements)

U Artefact Type

_
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Figure 3.5.: Solution-Oriented versus Problem-Oriented Refinement

In the case of (pure) problem-orientation, the refinement is a continuous one in
which each concept of a particular level of abstraction is completely constructed
and has its rationale in a concept of a foregoing level — independent of any order
in which the concepts are produced. This problem-oriented refinement principle
is depicted with the dark arrows. Instead and depicted by orange dotted arrows,
solution-orientation describes the approach in which solution ideas dominate the
stated problems. In particular, the IT system service hierarchy would be absorbed
according to a gained understanding of the logical architecture being designed
without further quantification of the requirements to the last level of abstraction.
Similarly, the business process logic would be designed according to the (architec-
ture) solution instead of vice-versa.

The result would be discussions and negotiations with customers that are based on
an architecture-driven solution at the cost of perhaps missing important informa-
tion on the workflow of the business processes and missing (quantified) require-
ments that both are not worked out, but perhaps also with the benefit of a more
efficient (development) process.

We can in conclusion define the terms solution-orientation and problem-orientation in
the context of this report as follows:

Definition: Solution-Orientation and Problem-Orientation

Solution-Orientation is the approach in which artefacts remain underspecified. They
are directly distorted by solution ideas of following constructive development phases.
The concepts that describe the problem space remain incomplete at the level of the
business process hierarchy and / or the IT system hierarchy.

Problem-Qrientation is the approach of a continuous approval process with a customer
in which the artefacts are analysed, refined and quantified in consistency and compli-
ance to the growing logical architecture.
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Finally, the degree of the necessary problem-orientation varies from project to
project and from business domain to business domain, depending on project pa-
rameters that take effect on the construction of single artefacts. For instance, the
technical abilities of the stakeholders taking influences on the ability of defining
detailed system quality requirements (see also Chp. 4 that describes customisation
according to such influences).

3.3. Artefact Model: Overview

The artefact model covers three artefact types: the business specification, the re-
quirements specification and the traceability matrix (see also figure 3.6 illustrating
them from a structural perspective).

Business Specification Requirements Specification
Business Vision System Vision
Organisation Structure & Information System Requirements

Business Domains

Business Goals & Constraints Integrational Requirements
Business Capabilities Organisational Requirements
Business Information Model Requirements Risk Status Report
Business Roles Glossary

Business Demands Analysis

Glossary

Traceability Matrix

Figure 3.6.: Overview on Artefact Types

The business specification is described in Sect. 3.4, the requirements specification
in Sect. 3.5 and the traceability matrix finally in Sect. 3.6. As we classify only those
aspects as requirements (types) that directly affect information systems or the de-
velopment process of the like, we give also in corresponding section an introduc-
tion into the different requirements classes and propose important requirements
attributes. In Sect. 3.7, we give a brief overview onto a possible (generic) system
concept, depicting how the artefacts of the requirements specification interrelate
with a system specification.

For reasons of complexity the artefact model is described according to the hierar-
chical structure of the artefact types as ideally done when constructing the artefact
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model during project execution. We guide through the single content items, re-
spectively chapters, of the specifications.

Within each artefact type we first give an overview on its structure and subse-
quently describe each of the content item according to:

1. the underlying (excerpt of the) concept model with a definition of the concepts
(in given figures, the content items are coloured in grey scales, while the
encompassed concept types are coloured in white)

2. its content dependencies considering the relations of the concepts as a basis for
consistency conditions (see also section 2.1)

3. corresponding syntax regarding possibilities for choosing the notion when
constructing the artefacts, while we give wherever reasonable (1) recommen-
dations for a syntax and (2) illustrate an example.

The comprehensive concept model that can be used as a basis for defining for ex-
ample UML profiles (concerning an integrated tool support for business informa-
tion systems’ analysis) is defined in appendix A.2. Appendix A.1, in turn, illus-
trates the artefact structures, i.e. ways of organising the specification documents.

3.3.1. Content Dependencies

The meta model in section 2.1 does not demand the definition of specific de-
pendency types between the concepts and most of the dependencies are self-
explanatory. Still, in order to facilitate the reading of the illustrated excerpts of
the artefact model, we subsequently explain three frequently used dependencies:

e derives: If a concept A is derived from a concept B, the content of A can only
(at least partially) be defined at the basis of the content of B, implying also an
order in the sequence of producing the content (within the process model).
Note that if A is derived from B, A automatically satisfies B, but not neces-
sarily vice-versa.

e satisfies: If a concept A satisfies a concept B, they make both different state-
ments while the concern of A supports the concern of B. An example would
be that the concept “scenario” satisfies the concept “business goal”, as a sce-
nario — e.g. as part of a use case — supports in achieving a business goal.
Furthermore, if A satisfies B, it must not necessarily have been derived from
B. For example, at the project level the scenario “calculate tax” would satisfy
the business goal “reduce process lead-time”, but the scenario could be de-
rived from a business rules “tax calculation” describing actionable standard
procedures within a company.

o refines: If a concept A refines a concept B, A is a proper subset of B, while
being situated within a lower level of abstraction then B. In addition, B can
then be reproduced at the basis of A. However, if A refines itself, it is refined
over several levels of abstraction while still referring to same (modelling)
concepts.

3.3.2. Artefact Status Model for Progress Control

Each artefact within the model is subject to progress control within a project. For
this purpose we define a status model that enables the definition of the current
state of an artefact during a project. Figure 3.7 illustrates according to the status
model of the V-Modell the possible states of an artefact.

We distinguish subsequent states:
1. An artefact can be created.
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Figure 3.7.: Artefact Status Model

2. An artefact is after its creation in process, i.e. being modified during analysis
activities.

3. If no (external) quality assurance is assigned, the artefact is after a self-check
(of the responsible role) finished. With quality assurance we address tech-
niques that are applied from independent persons. For example as it is the
case within quality gates that check artefacts with means like inspections.
This aspect covers also an acceptance of external parties like the customer
itself.

4. If a quality assurance is necessary, the artefact is submitted, e.g. proposed to
an inspection. The check can be successful or fail. If it fails the artefact is
modified again (in process). Otherwise, the artefact is approved and thereby
finished.

Note that when finishing an artefact this implies its conformance to the artefact
model. It can then be used by further tasks as an input. For example by project
management for performing estimations of effort regarding pricing activities.

Finally, the status model can be extended with further states that emphasise states
resulting from the quality assurance such as by defining the state “in revision”. An
example for such a status model can be taken from [Kat09].

3.4. Artefact Type: Business Specification

The business specification formulates all goals, capabilities, restrictions and condi-
tions that affect the business of a customer’s organisation and further information
that describe the current and future state of the like. Although most of the business
needs affect the underlying IT infrastructure, the specification is described without
directly involving any aspects of envisioned business information systems. Figure
3.8 gives an overview on the structure of the business specification, i.e. its hierar-
chically ordered content items that are subsequently defined. We define:

e the business vision in content item 3.4.1: “What is the main scope?”.

o the organisation structure and business domains in content item 3.4.2: “How are
the organisations structured?”.

o the business goals and restrictions in content item 3.4.3: “What are the steering
goals and constraining restrictions?”.

o the business capabilities in content item 3.4.4: “What activities are performed
and what services are offered in the envisioned organisation?”.

e the business information model in content item 3.4.5: “What information is com-
municated?”.
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e the business roles in content item 3.4.6: “Who participates within the activities
and / or takes influence on the definition and performance of the like?”.

o the business demands analysis in content item 3.4.7: “What are the demands
and the benefits that enforce a change in the current state of the business?”.

e the glossary in content item 3.4.8: “What are the essential domain-specific
terms?”.

Business Specification

Business Vision

Busines Context Project Scope
Business Drivers, Principles Expert Scope &
Objectives & Problem Limitations
Mission Statement Description

Enterprise Overview Busines Service Overview

Organisation Structure &

BUsinesslomains Organisation Business
Structure Domains
Business Goals Business Business Business Roles
& Restrictions Capabilities Information
Model
Stakeholder
Business Business Business
Restrictions I\S/Erc\i”eﬁe Objects D
Owner
Business Business Information U
Goals Process Objects
Model roups

Business Demands Analysis

Glossary

Figure 3.8.: Overview of Content Items of the Business Specification

3.4.1. Business Vision

The business vision introduces into the actual problems and defines the result-
ing scope of the business that shall underlie a change as part of a project. The
business vision steers customer-side decision-makers into a common direction by
summarising aimed objectives (needs) to be achieved, principles to be preserved,
affected business capabilities to be gained and / or changed and finally resulting
(re-) structures of envisioned organisations.

Figure 3.9 illustrates the content items of the business vision (on the upper part)
and included concepts. The bottom part of the figure sketches subsequent concepts
that use the business vision as an input and that are initially summarised by the
system vision as it is the case with the business services.
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Figure 3.9.: Overview on Business Vision and underlying Concepts

3.4.1.1. Business Context

industrial branch and the incised market, and resulting cornerstones of a corporate

The business context describes the context of the organisation. For instance, the
philosophy. It summarises:

1. steering (mostly market-driven) drivers, objectives and mission statements

that serve as a basis for defining the business goals.
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2. the principles of a company serve as a basis for the business restrictions (e.g.
policies like security guidelines).

3.4.1.1.1 Business Drivers, Objectives and Mission Statement

The business drivers, objectives and the mission statement are statements of direc-
tion that characterise the organisation and its underlying business. We distinguish
between three concepts within one particular content item.

Organisations are subject to internal and external factors. These factors take effect
on what business services are offered e.g. to a market and consequently take effect
on the activities that are performed in order to provide the services. The impact of
the environmental factors towards the organisation are the business drivers. They
motivate (“drive”) any kind of activity within a business, including customer /
market needs and competition [BAB09, Gro]. An example is to outsource a specific
number of business units and distributing them over several countries while de-
limiting to exactly one supplier, because the market “demands the products from
one hand”. Business drivers, however, can influence other business drivers posi-
tively or negatively.

Definition: Business Drivers

Business drivers are internal and external factors, including individuals, knowledge and
conditions that initiate and support the design of business activities.

Business objectives are planned initiatives that concern major achievements of an
organisation, typically within specific timeframes. For instance, increasing the cus-
tomer satisfaction by reducing customer complaints. Business objectives are based
on taking advantage of specific opportunities that are defined within strategy pa-
pers, business cases and the like.

Definition: Business Objectives

Business objectives are statements of intent that define planned outcomes to an organ-
isation.

However, the business objectives are finally aligned with one business mission that
steers the whole business, such as by stating an aimed market lead for specific
products [Gro].

Definition: Business Mission

The business mission is a statement of direction and goal for the overall business.

Content Dependencies. The main input for defining the business drivers, the
business objectives and finally the underlying business mission can vary from de-
tailed strategy analyses and business cases, over existing policies to informally
written bidding documents.

Furthermore, business drivers can be derived from business objectives, while these
in turn can be derived from the principles.

The concepts that make use of upperly described ones, are the business goals (see
content item 3.4.3.2). Business goals can be derived from the objectives and de-
fine “what is internally needed to achieve the objectives” such as increasing the
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process lead-time within the business processes, thus, business goals satisfy the
stated overall objectives. As the business mission is the main steering force of the
business, the business goals consequently satisfy also the mission.

Syntax. The business mission is textually described as an informal statement.
The business objectives as well as the business drivers can be described as:

1. graphs (often referred to as e.g. “drivers map”) that benefits the illustration
of the dependencies between the single statements
2. textual statements within a list.
How to specify the concepts strongly depends on the complexity, i.e. the amount
of the statements and the amount of dependencies. If stating the objectives and

the drivers within a table, it should be organised by first defining the mission(s),
listing then the drivers and finally listing the main objectives.

3.4.1.1.2 Principles

The principles result from the business context and describe restricting directives
of the current or the future state of a business, cross cutting several business units
or the business as a whole.

According to [Gro], we define the principles as follows:

Definition: Principles

A principle is a statement of belief, approach or intent which serves as a basis for
directing the formulation of architectures.

An example for a principle would be the restriction of all the business units that
act in Germany to the security standards “BSI Grundschutz manual”, due to the
business context and the targeted market of the company.

Each of the defined principles captures besides the statement itself a reference to
external sources (e.g. to the manual), the information on affected business units
and finally a measurement. The latter defines a criteria which serves as a reference
for deciding on the appliance of business processes and information systems to the
principles. Finally, principles can be decomposed into further principles, some of
which may affect selected business units.

Content Dependencies. Principles can be derived from business objectives. Ad-
ditional sources are business strategies, existing policies and technical specifica-
tions of current information systems, respectively during workshops or discus-
sions about the like.

Furthermore, each of the principle affects at least one business unit of a company
(see also content item 3.4.2.1). Finally, the principles can serve as a basis for defin-
ing concrete business restrictions, such as business rules and constraints (see also
content item 3.4.3.1).

Syntax. Principles are informal statements that can be hierarchically decom-
posed. However, they can be expressed in a tables but if facing decomposition,
it has to be clear that these should also capture the parent-child relations.

3.4.1.2. Project Scope

The project scope:
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1. defines the problems of the business and included information systems
within an expert problem description

2. concludes with the main objectives of a project without emphasising any
kind of solution that will solve the problem.

3.4.1.2.1 Expert Problem Description

The expert problem description defines the (potential) problems that arise from the
current state of the business from the perspective of a domain-expert. It reasonably
introduces customers into the actual problems and thereby lays the foundation for
defining the scope and the limitations of a project. For instance, heterogeneous his-
torically grown applications (or landscapes) that lead to inflexible business process
structures, actual maintenance problems of systems, etc.

Although the expert problem description is a core part of every business specifica-
tion, the concept remains to a simplified description of the problems, while this can
not be expressed with standardised (modelling) techniques or predefined contents.

Content Dependencies. The content itself does not have any dependencies to
surrounding ones. It is based on several informal sources, such as bidding doc-
uments, system specifications, or documented gap analyses regarding business
processes and security aspects.

Syntax. The problem description should be according to the target groups tex-
tually phrased with short statements. It explains, as clearly as possible, what the
domain-specific problems are and if reasonable what actions can be taken.

3.4.1.2.2 Scope and Limitations

The scope and limitations provides:

1. the scope of the project that is necessary to tackle the identified problems.
For instance, a necessary re-design of the business processes, a displacement
of legacy applications or outsourcing of specific business processes.

2. any kind of limitations that have to be clearly stated. For instance, the elabo-
ration of business restrictions that are provided by third parties and thereby
are out of scope.

In any case, it does delimit from any solution ideas as these are the outcome of the
project themselves.

Content Dependencies. The concept itself does not have any dependencies to
surrounding ones.

Syntax. The scope and limitations should be described textually with clear state-
ments, for example within a list. If reasonable, a differentiation between statements
concerning the scope and ones concerning limitations can be made.

3.4.1.3. Enterprise Overview

The enterprise overview summarises the organisations and the included business
units that are affected by a project. According to[BAB09], we define the concept as
follows:

Definition: Enterprise
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An enterprise is a set of organisations and their business units that share a set of com-
mon business goals and collaborate to provide specific products or business services
to customers.

Note that there is a difference between an enterprise and an organisation. An en-
terprise may encompass more than one organisations as more than one can be
affected by a project. For example, within a development project that concerns the
coupling of two information systems that cross-cut several business units of two
different organisations, we address one specific enterprise (architecture). Each of
the organisations are still autonomously defined, described with proper bound-
aries and under management of single individuals and / or institutions.

However, the concepts of the single organisations and their business units are de-
fined in detail in content item 3.4.2.1. The focus lies therefore on the informal de-
scription of what organisations and what business units are affected, rather then
on defining a holistic structure (i.e. an enterprise architecture) and corresponding
responsibilities regarding participating roles.

Content Dependencies. The relations are given by the organisations that are in-
cluded (at least one).

Syntax. The syntax strongly depends on the amount of organisations that are
affected by the project. Within complex projects, the overview includes a brief
textual description of the involved organisations (including their role within the
project), while capturing it optionally within a table.

3.4.1.4. Business Service Overview

The business service overview summarises the business services of a customer
that are or will be affected by a project. It includes existing business services being
displaced or modified or new business services that will be implemented.

Each business service that is summarised is described in detail within the business
service model in the content item 3.4.4.1.

Content Dependencies. The relations are given by the business services that are
included (at least one).

Syntax. The representation of the business services within the overview can be
constructed in two ways (or a combination of them):

1. as part of a detailed model (or graph) emphasising the dependencies in-
between the single business services

2. within a textual description in natural language, e.g. in a list or a table

3.4.2. Organisation Structure and Business Domains

The organisation structure gives an overview on the hierarchical structure of the
envisioned organisations. The organisation is clustered into business units that
define major areas of responsibilities to achieve some outcome of value. In addi-
tion, business domains structure the business into major functional areas that are
in scope of the architecture. Both can strongly differ from each other, as business
domains cluster all the business processes (of perhaps several business units) in
relation to exactly one process owner.
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Figure 3.10 illustrates on the upper part the corresponding content items and en-
compassed concepts. The bottom part of the figure illustrates subsequent concepts
that exhibit interdependencies with the concepts of either business units or busi-
ness domains.

Artefact Type: Business Specification
has
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Figure 3.10.: Overview on Organisation Structure and Business Domains and underlying
Concepts

3.4.2.1. Organisation Structure

The organisation structure defines the current state of single organisations and
included business units. It benefits the determination of key reporting lines and
in conjunction with a cultural analysis will indicate where key stakeholders are
positioned [Gro].

We define the concepts as follows:

Definition: Organisation and Business Unit
An organisation is an autonomous set of hierarchically structured business units with
clearly defined boundaries.

A business unit is a recognised part of an organisation under management of at least
one stakeholder.

The organisations, as well as the included business units capture unique identifiers
and a description of their purpose, respectively their contribution within the busi-
ness. Finally, each business units includes the description of corresponding stake-
holders. We refer in particular to the ones that are of major interest within single
business units in terms of directly or indirectly participating within the project.

Content Dependencies. The only relations to surrounding concepts is given by

single organisations that build part an enterprise (see content item 3.4.1.3) and
from business units to participating stakeholders (see content item 3.4.6).
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Syntax. The structure of the organisation can be defined using an organisational
diagram.

3.4.2.2. Business Domains

Business domains define independent of the organisation’s structure major areas
of logically related business processes, i.e. a specific segment of a supply chain.
Business domains are furthermore related to one process owner (an individual that
is responsible for the domain). We use the term business domain, as domain is used
in further contexts such as when referring to a domain of application. According
to [EHH™08], we define business domains as follows:

Definition: Business Domain

A business domain groups a set of logically related business processes and their sub-
processes, thereby the business services that are provided by the business processes.
It defines a major area of the business that is in scope of the architecture. A business
domain can be decomposed, but relates in any case to exactly one process owner and
its business processes.

Business domains can vary in their range, covering a large amount of business
processes or a small one, as long as they relate to one process owner. Furthermore,
they formulate structure from a functional perspective that can cross-cut several
business units, as they cluster business processes that underlie high cohesion.

Hence, the business domain include the description of the responsible process
owner, the encompassed business processes and further information system re-
quirements that result from the support of the business processes.

Hint: "Problem Frames”, "Viewpoints” and the relation to Business Domains.

There are two related approaches: Problem frames [Jac01] and viewpoints [KS96].
Problem frames offer formal means of structuring the environment that surrounds the
future application into so-called frames with a set of pre-defined patterns. Instead,
viewpoints are different means of communication that structure requirements in re-
lation to single stakeholders and their attitude towards the application. The least
common denominator are the business processes that have to be supported by the
application (structured into business domains). They represent the main interest of
single stakeholders (or are directly affected by such) and at the same time they are
can be seen as a specific subset of problems to be solved. Thus, the business do-
mains can be compared to problem frames that structure the business processes of a
customers and at the same time as a view point as the business domains are related
to a specific process owner.

Finally, business domains can be taken by following design activities as an orienta-
tion for structuring the logical architecture into components and thereby defining
an architecture that functionally fits into the business process logic. Obviously, this
also depends on how the business domains are specified (see also the relations).

Note that as the business domains structure the content of the business specifica-
tion and the requirements specification, they benefit also a structured process for
business information systems’ analysis (see also Sect. 3.9.2).

Content Dependencies. Business domains exhibit relations to one process owner
that takes the responsibility for the domain and to the business processes and busi-
ness services that they over-span. A further relation is given to the business objects
to which the business domains relate as a consequence of grouping business be-
haviour. However, the formulation of business domains can be performed accord-
ing to the business processes, the business objects and finally to the participating
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business roles?. These information sets can be taken as an indicator for defining to
what extend the business domains are built.

Syntax. The representation of the business domains can vary from an informal
description of the single business domains within tables to the tool-supported rep-
resentation using means like package structures (as exemplarily depicted below).
In the latter case the packages themselves represent the business domains.

Example 3.1. Representation of Business Domains

«Business Domain»

Sales
«Business Domain» «Business Domain»
Ski School Rental
«Business Domain» «Business Domain»
Tours Races

«Business Domain»
Alpine Accomodation

3.4.3. Business Goals and Restrictions

This content item includes steering goals that have to be achieved by the execution
of the business activities and further rules and constraints that have to be pre-
served during that execution. The latter describes constraints and rules that result
from the principles of the organisation.

Figure 3.11 illustrates on its left part the corresponding content items and used
concepts. The upper and right part of the figure illustrates excerpts of surrounding
concepts that exhibit interdependencies with envisioned ones.

3.4.3.1. Business Restrictions

Business restrictions define any kind of restrictions towards the business and the
underlying IT infrastructure. The restrictions arise from the principles (content
item 3.4.1.1.2) and any kind of external influences that affect an organisation, such
as laws. Business restrictions define how, respectively to what extent these influ-
ences take effect. We distinguish in particular between two kind of restrictions:

1. Business constraints that define not negotiable limitations for any kind of so-
lution regarding business processes and information systems, i.e. aspects of

2 Similarly, logical components can be defined at the basis of same information, building them respect-
ing the functions that they encompass, information that they process and finally roles / actors to
which they interact.
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Artefact Type: Business Specification

b
Content Item: Business Vision
Content Item: Business Drivers, Objectives & Mission Statement Content Item: Principles
< derives
«Concept Typ «Concept Type» |+ «| «Concept Type» |4
i jecti Principle
Business Driver | derives |2 5SS Objectiv «Concept Type» |~ flerive i
Cid Mission 0.1 <~ id
- name [
- description - statement
0 - description . reference
0" U 0. 8 g - measurement
3 o 0.* B
influences 2 " 0.
= i
strses =
A Content Item: Busineks Goals & Restrictions Content Item: Organisation Structure & Business Domair
o
H Content ltem: Bygness Resirction Contont em: Bushes Domaln
2 3 0. affefts
? o [: «Concept Typ... 1.4 «Concept Type»
g Business hE Business Domain
E 071 Restriction T
i @
@ - m' -
g - reference -
2 ~ desaription Content Item: Business Roles
Cofftent Item: Business C
0. Content Item: Businese Content Item| Stakeholde
«Concapt e Content Item: Busine}s Process Model Service Modg! L
Business «Concept ltem» influences p- At ! «Concept Type»
" Business Rule .
Constraint - 0.1 (Concept Typ... |+prothedl ||  Stakeholder
1.0 providps pt | Business Service |5 TS
«Concept Type» o0 l- i@
Content Item:[Business Goals Business Process - description
influences - protocol
< derives °
O 0.% g+ T 0. J
| «Concept Type» 1. «Concept Item» i
0.* Business Goal 0.4 Actvity
-« - satisfies N T
- statementofintent 1.% |, A - behaviour description
i — ]
e []¢g
5
S
£ o 'UO .
uses
«Concept Type»
1|.* 4t splisfies
Process-related Goal «Concept Types
1.%| Business Task
«Concept Type» | | Quallty Atribute
ITrelated Goal reliability
availability
integrity
usability
demands e 1|  efficiency
flexibility
maintainability
interoperability|
reusability
portability

- satisfies

Figure 3.11.: Overview on Business Goals and Restrictions and underlying Concepts

current states that cannot be changed by the development of an information
system.

2. Business rules that exclusively govern business process logic, i.e. activities in
terms of defining them, constraining them and finally enabling them.

The business rules arise from are internal influencing factors and principles such
as standards procedures. The rules take effect on the activities that are performed
within a business. According to [Gro00, BAB09], we define the business rules
therefore as follows:

Definition: Business Rule

A business rule is an actionable directive that defines or constrains behavioural aspects
of the business and that supports a business goal. It is intended to assert business
structure or to control or enable the activities of the business.

In general, business rules exhibit the nature of action enablers triggered by a cer-
tain condition (comparable to “if then else” - statements) [Wie03].
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Compared to business rules, business constraints define any kind of restrictions
on the business process logic and further technical restrictions. They define op-
erationalised external influencing factors, such as laws, IT security guidelines or
technical design notes. They are not negotiable and are often stated independent
of any business goals and their effect towards quality.

Definition: Business Constraint

A business constraint states a limitation placed on a solution, or an aspect of the current
state that cannot be changed by the deployment of the new solution.

Both business rules and business constraints include following information:
e ID: A unique identifier.

o Reference: The reference indicates to the origin of the business rule, such as a
specific IT security guideline, a law or a principle (see content item 3.4.1.1.2).

o Description: The description summarises the demands that result from the
business restriction.

e Area of Validity: The area of validity defines the affected business domain
(or the business as a whole).

Content Dependencies. Business restrictions can be derived from principles.
Within complex organisations the restrictions are available within specific cata-
logues, such as within given security guidelines. A further relation is given to-
wards the business domains in which the restrictions take the effect. For exam-
ple, an internationally distributed organisation may define business restrictions
that only take effect on business processes within a specific country and that have
a specific concern (“For all business processes within ‘Manufactoring’ that act in
Germany, the restrictions of 'IT Security Guideline [xy]’ must be obeyed”).

Finally, the business rules can affect in particular only activities that are performed
within an organisation.

Syntax. Business restrictions are mostly defined within tables. The description of
the single restrictions, i.e. the restrictions’ assertions, remains to a textual represen-
tation. In the case of business rules, they can be alternatively to a representation in
natural language expressed by means of predicate logic, in some cases extending
to expressions using temporal logic due to their actionable nature. Although a for-
malisation benefits a unambiguous interpretation, it should be clear that the target
groups (the customer-side stakeholders) must understand and accept the rules.

Subsequent example illustrates the representation of business restrictions within a
table.
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Example 3.2. Business Restrictions

1D Type References | Description Area of Validity
BCl1 Business IT Security | Personal data of Customer
Constraint Guideline employee must not Management,
contain the religious Human ressource
affiliation. management
BC2 Business SPO Sales Each Customer has a Sales, Customer
Constraint unique identifier. Management
BC3 Business IT Dev. System development -
Constraint Guideline projects must be realised

only including suppliers
that can guarantee at
least five years of

support.
BC 4
BR 1 Business SPO Sales If a customer books Sales
Rule courses, he must be

directly informed about
the time schedule and the
meeting place number.

3.4.3.2. Business Goals

The business goals need a special consideration as they state specific intents of the
business at some future point in time. They motivate the activities of the busi-
ness and finally result in an expected business value [RR99]. When stakeholders
perform their business processes and state their requirements, they have certain
business goals in mind that have to be justified. A business process or a require-
ment without a goal is perhaps a statememt without any value to the customer.

The following definition of the concept is made according to [vL03, vL04, vLO09,
EHH™*08]:

Definition: Business Goal

A business goal is a prescriptive statement of intent of one or more stakeholders. Busi-
ness goals can be derived from other business goals, while we distinguish apart of
business goals in general that concern financial and customer-related intents of the
overall business in particular between:

o Process-related goals: The satisfaction of these goals lies on all the activities that
are performed within an organisation (business processes and business tasks).

o IT-related goals: they directly demand high-level properties and (quality) charac-
teristics of an information system in order to support the process-related goals.

Business goals, however, may contribute to a certain business objective and / or
a mission of an organisation (see also content item 3.4.1.1.1). They must at least
be related to one stakeholder that benefits from the business goal. We distinguish
according to [EHH08] during decomposition between three different abstractions
depending on the goals’ assertions: business goals in general and process-related
and IT-related ones in particular.

Business goals have mainly financial character and affect the whole organisation,
such as demanding a cost-reduction within the business.

When decomposing them to more fine-grained goals they affect not only the over-
all project but in particular the business processes. For instance, by demanding a
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decrease of a process lead time in order to save costs during execution of the busi-
ness processes. These process-related goals are used to steer the business processes
into the desired direction. They help in translating the actual business process
landscape into a necessary one that enables a customer to reach his business goals.

Finally, IT-related goals can be derived from such process-related ones and directly
address high-level quality characteristics of the information system. For example
a demanded increase of the efficiency or the maintainability. IT-related goals relate
to one or more quality attributes as stated by the ISO Std. 9126 [ISO03] and the ISO
Std. 25030 regarding (product) quality requirements [Boe08]).

Definition: Quality Attribute

A Quality Attribute reflects a composition of perceptible characteristics that are exhib-
ited by an application and its environment due to its properties. Quality attributes are
hierarchically organised. An example is “Efficiency” that can be decomposed into “time
behaviour” and “resource utilisation”.

Hence, IT-related goals are in the primary scope of especially system quality re-
quirements that often can be directly derived from such goals (see also the content
item 3.5.3.5).

Content Dependencies. Business goals can be derived from business objectives
and from the mission (see also content item 3.4.1.1.1), what in turn is to be captured
within the goals. Furthermore, the business goals can affect further concepts like
business processes. However, this is to be defined within the affected concepts as
a rationale and not within the goal.

In addition, business goals may influence other goals by supporting them other or
by being in conflict with them.

Syntax. Due to the nature of business goals that can be derived from other goals
and due to the resulting influences, business goals can be described with goal
graphs. A prominent approach that makes use of graphs is KAOS (Knowledge
Acquisition in Automated Specification of Software) [vL03, vL04, vL09]. A second
alternative is given by defining the goals within tables in which the influence and
derive relation is captured in addition to the statements themselves. Although,
graphs offer the advantage of illustrating the influences, this only makes sense in
complex projects that justify the management of the graphs. Subsequent example
illustrates the depiction of business goals within a graph according to the concept
model .
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Example 3.3. Business Goals
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3.4.4. Business Capabilities

The business capabilities include:

1. the business service model describing logical representations of repeatable ac-
tivities that have a specific outcome (like the service “stock ordering”) [TOGO09].

2. the business process model emphasising the activities themselves that have to
be performed in order to provide the business service, respectively when re-
ferring in general to the service (like the executed activities within the busi-
ness process “order stock”).

Figure 3.12 illustrates the corresponding content items and the concepts. The cen-
tre of the figure illustrates the concepts of the business process model and the busi-
ness service model. The surrounding parts of the figure illustrate excerpts of sur-
rounding concepts to which we refer when constructing the envisioned ones.

3.4.4.1. Business Service Model
The business service model describes single capabilities (and their relations) of a

business by means of a logical representation [TOG09], i.e. a blackbox descrip-
tion of the work that is carried out as a result of a specific set of activities|[BAB09].
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Figure 3.12.: Overview on Business Capabilities and underlying Concepts

Note that we distinguish between business services (“what is done within the busi-

ness?”) and information system services (“how is the work supported by the sys-
tem?”, see content item 3.5.3.3.3), while none of both are directly related to specific

technologies like web services.
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We describe with the business service model what services an organisation inter-
nally and externally offers. For instance, the service “Travel expense accounting”
or “Travel booking”, while the first could be internally offered to business units
and employees and the latter could be externally offered to a market. Business
services benefit a logical representation of valuable capabilities without the neces-
sity of directly describing the activities that are performed in order to provide the
services. They serve in addition to the specification of business processes as a rep-
resentation that emphasises structure rather than details of behaviour. This is for
example important to projects concerning re-design and outsourcing parts of an
organisation since the realisation of the “internal workflow” of single services is
then not in scope.

However, each business services logically represents a set of activities that modify
a set of business objects (see content item 3.4.5). According to [BKMO07], we define
the concept as follows:

Definition: Business Service

A business service defines a business capability provided by the execution of one or
more business processes satisfying at least one business goal. It can be hierarchically
decomposed and maps an input (stimulus) to an output (response).

Furthermore, business services are offered by a service provider within an organ-
isation and can be called by a service requester (e.g. a target group within a mar-
ket), both conceptually represented as stakeholders (see content item 3.4.6.1). Each
business service includes besides an identifier and a (service) description a collab-
oration contract that optionally defines the sequence of steps in which a service can
be used by the requester. This contract is conceptually expressed by the attribute
protocol.

Hint: Collaboration Contracts and Quality of Service

Note that it is possible to define within the construction of business services explicit
collaboration contracts that describe besides other characteristics of the business
services specific sequences of usage and the quality of service, e.g. demanded
availabilities. We especially make use of these means when describing information
system services that define how the business services are at least partially automa-
tised, i.e. supported, by the IT. However, within the definition of business services
these information can be captured within the “Protocol” of the services, depending
on the project complexity and the scope. If it is necessary to define concrete collab-
oration contracts, the concepts of the contracts (including the dependencies) of the
information system services can be transferred to the business services (see also
content item 3.5.3.3.3).

Finally, each of the business services include the following information:
o ID

e Description of their purpose and content
e Business goals that they satisfy
e Other business services that they use and / or that use the envisioned one.

e Protocols that (optionally) describe expected sequences of inputs and out-
puts.

e Business objects that are processed in terms of a needed input and a gener-
ated output

Content Dependencies. There exist several relations between business services
and surrounding concepts. Although the concept of a business service (e.g.
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“Course Administration”) and the one of a business process, respectively activity
(e.g. “Administrate Courses”) exhibit similarities, they are not the same. Instead,
they relate to each other. Both:

1. are refined and may collaborate with other services, respectively processes
(they may “use” each other implicating workflow).

2. define for a specific input an output, thus they describe the behaviour by
describing how they operate on a set of business objects and information
objects (see content item 3.4.5).

3. must satisfy at least one business goal.

Still, a business process is more an “internal” representation of the business service
in terms of a sequence of steps that are performed in order to provide the business
service. Note that each step within a business process model can be also seen as an
(atomic) service that cannot underlie further decomposition. Still, within the de-
scription of the services and processes, we make use of different concepts. Regard-
ing these concepts, a business service does not include a mandatory description of
the stakeholder that can call the service. The service is autonomously described
without necessarily involving any kind of interactions and thereby abstracts from
the business processes.

Finally, the dependencies to information system services that “realise” the business
services (by defining how systems’ functionality support the business services) are
described in content item 3.5.3.3.3.

Syntax. According to the established use of event/response tables [Wie03], re-
spectively I/O-tables[HT09] for representing the input/output-relation, these ta-
bles can be extended by upper information in which the columns describe the in-
formation and the lines each service. Each business service can (and should) be
structured by the business domains in which the service is provided (see also con-
tent item 3.4.2.2).

3.4.4.2. Business Process Model

The business process model describes the (idealised) activities that are performed
within an organisation in order to provide the business services. The business
processes serve as a basis for understanding what business behaviour underlies
single services and how this behaviour can be supported by future information
systems (what is initially depicted within the system vision of the requirements
specification in content item 3.5.2).

According to Thurner [Thu04], a business process is characterised by:

1. Encompassed activities: A business process consists of a set of activities that
are executed and that define the behaviour.

2. Sequence of executions: The activities within a business process are triggered
by an event and executed in a specific sequence, an activity can thereby “use”
the next defining causality.

3. Processed information: During the execution of the activities, a specific set
of information is processed in terms of being created, read or modified (see
also the business information model in content item 3.4.5).

4. Parcitipating roles: Business processes are defined and administrated by spe-
cific roles and also performed by specific roles (see also the business roles in
content item 3.4.6).

5. Motivating business goals: Each activity has to satisfy at least one business
goal (see also the business goals in content item 3.4.3.2).
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As already described as part of the artefact abstraction model in section 3.2.3.1,
business processes are decomposed over two different levels of abstraction, in-
cluding (1) a structural view onto a taxonomy within the business process hier-
archy and (2) a view onto the internal workflow description within the business
process logic. We conceptually distinguish therefore between:

e business processes in general that are defined and administrated by process
owners in order to achieve a business goal and for each business process

e a set of encompassed business tasks providing each a description of atomic
process steps that are performed by user groups in order to achieve process-
related goals .

Note that compared to the approach of Cockburn in [Coc00], a business task cor-
responds to a “black box business use cases” while the description of the encom-
passed process steps corresponds to a “white box business use case”.

We define in the context of this report the concepts of business processes according
to [Thu04, Coc00, EHH*08] as follows:

Definition: Business Processes and Business Tasks

A business process is a cross-functional sequence of activities across multiple posi-
tions in order to achieve a planned work result in an organisation and that contributes
to at least one business goal. It is administrated by a process owner and serves to
directly or indirectly produce a product or provide a business service for a customer or
a market. The activities are triggered by an event® and may use other activities to trans-
form (produce, read and modify) one or more business objects and information objects.
Business processes can be hierarchically decomposed until reaching the granularity of
business tasks.

Business tasks are partial units that are encompassed by a business process. Each
business task consists of an ordered sequence of atomic process steps, while these in
turn are:

e performed by exactly one user group aimed at achieving at least one process-
related goal and

e can be supported by an information system.

While business processes exhibit the same granularity as business services that
they provide, the included business tasks define their internal realisation. An exam-
ple for a business process could be “Administrate Courses” that provides when ex-
ecuted the business service “Course Administration”. This business process might
be decomposed to the business tasks “Add Guest to Course”, “Select Trainer for
Course”, etc. while these business tasks would be performed by the user group
“Administrator”. Each of the business tasks, in turn, includes a sequence of atomic
process steps (like “Search Trainer”) while one process step is performed by ex-
actly one user group, including a reference to selected business objects that are
read or modified. For instance, the business object “Guest”, including within the
corresponding content item 3.4.5 its information, such as “Club-ID”, “Full Name”,
“Age”, etc.

Note that from the business task descriptions, the use cases can be derived that
then describe sequences of interaction between future users and the information
system. While the business tasks provide a description of the workflow that is
generally performed, a use case describes how parts of this workflow (and conse-
quently the business service) can be supported by a system. Hence, the process
steps within the business tasks are the ones that can be realised by user actions

3 A change of state or a temporal event.
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or system actions (e.g. the mentioned one “Search Trainer” that can be automa-
tised by a system that administrates available trainers and related courses). Still,
what business tasks are finally supported and how this support shall be realised
is described within the requirements specification, in particular within the system
vision in content item 3.5.2 and in the use case model in content item 3.5.3.3.1.

Therefore, the definition of the three levels of abstraction within the business pro-
cess model including three different concepts benefits a clear stop criterion for de-
composition of single business processes until reaching the level in which one user
group performs single atomic steps. This enables a clear transition to the use case
model and thereby the analysis of what single steps shall be supported in what
way by the system.

Finally, as depicted by the concept model in figure 3.12 we distinguish furthermore
during business information systems’ analysis between two different categories
of business processes: core processes and supporting processes (see also [EHH'08,
WGWP02]).

Definition: Business Process Category

The business process category defines if a business process directly or indirectly pro-
duces a product or provides a business service. The first is declared as a core process,
the latter as a supporting process.

Core processes have an operational character and directly provide at least one busi-
ness service. Supporting processes are indirectly involved in terms of making a
weak, but necessary contribution to achieving business goals and providing re-
lated services. For instance, in the example of the business process “Administrate
Courses”, this business process is a core process as it is the envisioned one that is
meant to achieve some outcome and that shall be at least partially supported by an
information system. A supporting process could be one from the area of financial
management (like accounting). It is not directly involved and perhaps not in scope
of this particular information system, but still necessary*

Supporting processes are in general not in primary scope of development projects
and are usually not modified as a consequence of the like. Still, they have to be
taken into account respecting their activities and their business objects.

Content Dependencies. Business processes have dependencies with the busi-
ness roles (content item 3.4.6), in particular with the process owners that adminis-
trate the processes and the user groups that perform the business tasks. The latter
is captured within the business process model as part of a “pool” or a “swimlane”
(depending on the chosen syntax), both being means that group a set of activities
performed by the same role.

Another mandatory relation is given by the business goals that are satisfied by the
business processes and the process-related goals that have to be satisfied by the
business tasks. Although the goals are described in detail in content item 3.4.3.2,
the process descriptions should provide which of the goals they satisfy. Similarly,
the business processes should define which business objects and information ob-
jects are involved and how they are involved (being read, modified or created).

However, a further relation can be given by a business rule that is described in
content item 3.4.3.1. They can take effect on the definition of the business pro-

4 When developing for example information systems for financial units, the categorisation could be
performed vice versa, i.e. the financial processes being in scope of the project and thereby a core
process to be modified and supported.
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cesses, respectively the activities. In that case, the relation must be also captured
as a rationale within the business process.

Finally, the last relation is given to the use cases (and is captured within the like).
Use cases describe how single business tasks can be supported, thereby they make
use of specific business tasks (see also content item 3.5.3.3.1).

Syntax. When choosing the syntax for representing the business processes we
can in general distinguish between notions that emphasise data flows, i.e. the
processed business objects, and notions that emphasise control flows within and
between the business tasks of a process. We recommend to choose for a notion that
follows an orientation on control flows, as the business objects are also referenced
in these diagrams, even if indirectly. Cases that argue for data flow orientation are:

e if the organisation is already structured according to the business objects in-
stead of according to functions (respecting the business units and / or the
business domains)

e the business information system itself emphasises the data the has to be pro-
cessed (the information system objects) instead of the work flow as it would
be the case when developing workflow management systems.

We subsequently summarise in table 3.1 selected approaches respecting their char-
acteristics, while a detailed description can be taken from [Thu04].

The following examples illustrates the representation of business processes with
BPMN, showing first an excerpt of business process model and its relation to the
business domains and the process owners, and afterwards an excerpt of a business
task defining workflow.

Example 3.4. Business Processes

«Business Domain»
Sales

«Business Domain»
Ski School

«BusinessProcess»
«Business Service» Perform Courses
Courses «provides»

ProcessOwnen
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Table 3.1.: Syntax for the Business Process Models

Approach Focus Characteristics
Business Process | Data Mathematical underlying semantic; good applicability as
Nets [Thu04] Flow concepts can be completely expressed and enables clear
transition to components of the system’s architecture.
Data Flow Diagrams | Data Low applicability due to missing possibility of applying
(Structured Analy- | Flow business roles and events.
sis) [DeM79]
Message Sequence | Data Underlying process algebra, focus on (event-triggered) in-
Charts (MSC) [(IT99] Flow teractions between business roles, thereby good applica-
bility.
UML  Sequence Di- | Data Informally described semantic, but including consistency
agrams [OMGO07a, | Flow constraints and possibility of extending syntax. Good
OMGO07b] applicability as diagrams are readable, demanding (like
MSCs) interactions between business roles.
Event-driven pro- | Control | Operational semantic with petri nets (in parts). Empha-
cess chain / EPC | Flow sise events and control flows in relation to business ob-
(ARIS) [Sch91, Sch02, jects and temporal dependencies. The latter is reduced to
SJ96] sequential process chains, thereby exhibits low applicabil-
ity.
FUNSOFT nets [DG96] | Control | Completely mapped onto petri nets, thus supporting au-
Flow tomatisation respecting tool support. Still, business roles
not mandatory related to concepts of business processes
and can not be visualised within this diagram. Hence, ex-
hibits an average applicability.
UML  Activity  Di- | Control | Concepts can be completely expressed, offering for the
agrams [OMGO07a, | Flow representation a combination of both data and control
OMGO7b] and flow. Semantic of concepts is informally described and
Data in parts very ambiguous, e.g. neglecting consistency con-
Flow straints. Hence, average applicability.
Business Process | Control | Semantic informally (textually) described. Concepts can
Modeling Notation | Flow be completely expressed but resulting diagrams become

(BPMN) [(DT03]

quickly complex.

Example 3.5. Business Tasks

Customer has Course

«Process Step»
Record Wish List
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Record Course Wish?

«Business Object»
Course Offer

«Process Step»
View relevant
Course Offers

«Business Object»
Wish List

«Process Step»
Record Course Wish
on Wish List

«Business Task»
Verify Customer Data

«Process Step»
Record Customer

oo

Customer|

«Business Object»
Course Attendee
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3.4.5. Business Information Model

The business information model describes all the information that is processed and
referenced during the execution of the business processes, respectively services.
Similar to the decomposition of business processes over two levels of abstraction,

we also distinguish within the business information model between two content
items:

e Business objects that are focused within the business processes hierarchy:
“What goods and information do I need to set up a business?”, e.g. an order
within a restaurant.

o Information objects that represent the processed information itself within the
business process logic: “What information is interchanged between user
groups in order to perform their business tasks?”, e.g. the information that
the waiter has in his mind when taking the order.

Figure 3.13 illustrates on the right side the concepts of the business information
model and their dependencies.

Artefact Type: Business Specification
Content Item: Business Capabilities Content Item: Business
Information Model
Content Item: Business Process Mode Content Item: Business
” Service Model
Q o
7] 1
S [ —I Content Item: Business
g L L1 «Concept Type» Objects
S 0.1"| Business Service
V id q.x «Concept Typ...
- Business Object
description uses
tocol o[~
provides p protoco 0. name
0.|* E O
i ~
1.* 1 S| =
1. roduces p»| £12
. 3|2
@)= + +
«Concept Type» ko
Business Process needs -
«Concept Item» -
Actvity . [UEHEES [=
id 1.+ needs p
behaviour description Content Item:
Information Objects
7
«Cor]cept Type» 0. usesy_*
Business Task «Concept Item»
Information Object|
Y - type
0.* - description
" 1= uses o - attribute
% «Concept Item» [ 1. bl
B Process Step

Figure 3.13.: Overview on Business Information Model and underlying Concepts

3.4.5.1. Business Objects

We conceptually define the business objects as follows:

Definition: Business Objects

A business object represents a unique object of reality. It can be of material (physical)

nature, such as a “Car” or of immaterial nature, such as an “Order” that a waiter has in
his mind.
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Business objects are in most cases (real) goods that are produced and used as a
result of a provided business service or as a result of an executed business process.
Hence they are referenced when referring to an abstract description of the taxon-
omy. The information that is captured within the business object (that is of interest
when defining workflow) is defined within the information objects.

Content Dependencies. Business objects are used by at least one business service
and can be created and / or used by activities (business processes and business
tasks). However, we do not have an explicit relation in-between several business
objects themselves. The relations are implicitly (therefore optionally) given, be-
cause they arise as a consequence of the input/output-relations when being used
by surrounding concepts.

Syntax. Within the business objects we do not necessarily define any relations.
Hence, a diagrammatic representation of the business objects such as with UML
class diagrams [OMG07a, OMGO07b] emphasising structural dependencies is op-
tional and depends on the complexity of e.g. the business process model (see con-
tent item 3.4.4.2). Same complexity takes effect on if to structure the business ob-
jects with business domains. However, as an alternative the business objects can
also be summarised within a list.

3.4.5.2. Information Objects

Each of the business objects can be specialised by information objects that define
the content of the business objects. Information objects are in scope of information
systems as they represents the information object if the corresponding activity that
refers to the object has to be supported by the system (see also the content item
“system vision” in 3.5.2). We conceptually define the information object as follows:

Definition: Information Objects

An information object describes the (information) content of a business object that is
processed and that can be reproduced by an information system.

Compared to business objects, the information objects are of interest when defining
a workflow description within the business process logic with business tasks. They
capture the information that is needed as an input or produced as an output within
an activity. For instance, the information that represents the order that the user
group “waiter” has in his mind, like the “Table Number”.

Each of the information objects captures:

e Type: A unique identifier that indicates to the type of the information object
(to the corresponding business object such as “Order”).

e Description: A short description gives a quick overview on the content of
this information object.

e Attributes: The attributes describe and list the detailed content (items) of the
object.

¢ In/Out-Relation (Optional): The relation to the activities that process the ob-
ject.

Content Dependencies. The dependencies are the same as the ones of the busi-

ness objects. In addition, information objects can be implicitly referenced (“used”)
by one or more process steps (within the business task description).
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Syntax. Similar to the business objects, information objects have no explicit rela-
tions to each other, a representation of the like in terms of structural diagrams is
not necessary (using for example UML class diagrams, entity relationship models,
...). Exceptions can be made depending on the complexity of the business process
model and the project scope.

3.4.6. Business Roles

The business roles define all the roles that are directly or indirectly related to the
business and that have a specific interest towards the project. We distinguish be-
tween
1. stakeholders including individual, groups and organisations
2. process owners, having the authority on business processes
3. user groups that represent individuals that directly operate in a set of busi-
ness processes and might interact with business information systems

The roles serve for understanding the characteristics, responsibilities and finally
needs regarding the future usage environment of an information system. Figure
3.14 illustrates the concepts for constructing the business roles on the right side,
surrounded by further concepts that make use of the business roles.

3.4.6.1. Stakeholder

According to [Cle05, Smi, GBBT06] we conceptually define a stakeholder as fol-
lows:

Definition: Stakeholder

A Stakeholder describes a unique individual, group or organisation that is related to
a organisation and its business. It is actively involved in a project having its interests
expressed by business goals that may be positively or negatively affected as a result of
project execution or successful project completion.

Stakeholders are customer-side or customer-related roles that have an interest in
the project and that can mobilise resources to affect its outcome in some way [Wie03].
For example, the department of marketing as a customer-side role. Or a govern-
mental authority as a customer-related role. Any kind of roles that have a certain
attitude or influence on the project and the related information system. In the ex-
ample of the governmental authority, this stakeholder can be involved into the
project by defining specific laws that affect the project (see also the business re-
strictions in content item 3.4.3.1).

Content Dependencies. Each of the stakeholders that participate in a project has
at least one business goal that should be satisfied. Furthermore, the stakehold-
ers that are directly involved into an organisation can be allocated to exactly one
business unit. However, as stated within the business service model in 3.4.4.1,
stakeholders can be (optionally) involved into the execution of a business service.
Finally, an informal (conceptually not expressed) source for deriving the stake-
holders are stakeholder analyses documents.

Syntax. Stakeholders are textually represented in natural language, for example
within a list. A way to structure the stakeholders according to e.g. environmental
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Figure 3.14.: Overview on Business Roles and underlying Concepts
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aspects is to elaborate in addition to the list an overview and illustrating the stake-
holders for example according to the onion model. Further ways of representing
stakeholders are defined in [Rup07].

3.4.6.2. Process Owner

In addition to general stakeholders we define a specific subclass of them in terms
of process owners.

Definition: Process Owner

A process owner is an individual that has the responsibility for the performance of a
business process in realising its business goals. He has the authority on the business
process and its execution and the ability to make necessary definitions and changes.

Content Dependencies. Compared to stakeholders, process owners have in ad-
dition a dependency to at least one business processes (and included business
tasks) that they administrate.

Syntax. See the content item stakeholders in 3.4.6.1.

3.4.6.3. User Groups

While process owners define and administer specific business processes of an or-
ganisation (e.g. “Financial Management”), user groups are the individuals that
perform the corresponding business tasks from an operative perspective (e.g. “Per-
form Annual Tax Calculation”).

According to [KCH"90], we define the user groups as follows:

Definition: User Group

A user group is a group of individuals with a specific proficiency directly performing a
set of business tasks and interacting with information systems.

User groups, however, are an abstract collection of individuals with particular
needs, interests, expectations, behaviours, and responsibilities that characterise the
relationship between a class or kind of users and the future information system.
They serve therefore as a primary source for deriving actors within the informa-
tion system requirements within the requirements specification.

The main information is (1) the users’ proficiency (e.g. “an expert in ..”) and (2)
theirs inferaction (including the frequency, regularity, continuity, etc.). We focus on
those aspects that enable a clear transition into the actors description within the re-
quirements specification and furthermore enable a development of a system that is
compliant to the expectations of real individuals. This supports also a perspective-
based testing.

Content Dependencies. In addition to the dependencies of the stakeholder con-
cept, one user group performs at least one business task, respectively single pro-
cess steps. Informal sources for deriving user groups (i.e. not conceptually ex-

pressed) are workplace directives and existing authorisation concepts.

Syntax. See the content item stakeholders in 3.4.6.1.
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3.4.7. Business Demands Analysis

The business demands analysis describes for each the the business services and
necessary activities the:

e potential costs that are caused by implicated activities being performed by
the individuals and the costs that arise from a system’s development in order
to support this activity.

e resulting business values that arises when achieving defined business goals.

e upcoming business risks that threaten the business.

These three indicators justify any customer-adequate decisions during BISA activ-
ities in terms of decomposition and modification of the current business processes
and finally the decision on if to automatise envisioned business processes. The
business demands analysis addresses the question “Can modifications of the pro-
cess landscape and the automatisation of business process logic by information
systems achieve a business value the stakeholders are ready to invest for?”. Fur-
thermore it serves as a basis for the prioritisation of resulting requirements (see
also section 3.5 introducing the requirements attributes).

How profoundly to document the business demands analysis (or if having to ex-
tend it with further information) depends on project scope and further constraints.
For instance, if it is demanded by customers as an economic feasibility study or if it
is performed from an engineering perspective in order to justify any decisions that
have been made during the elaboration of the business specification (and the re-
quirements specification). We subsequently describe therefore only the principles
in terms of the concepts that have to be created and surrounding concepts from
which they depend.

Figure 3.15 illustrates the concepts and the dependencies to surrounding ones, also
including the concept of the information system services (the system-side realisa-
tion of a business service) from the requirements specification.

Business Values

The business value of an activity is defined by its contribution to a company’s
success, e.g. the contribution to achieving a business goal like cost reduction. A
very simplified measurement could be measuring the business value by ranking
the contribution according to ranges like “low contribution” to “essentially con-
tributes”. However, the combination of the following five indicators can be taken
as a possible measurement:

e Criticality: “What impact would it have, if the business processes could not
be performed? Is it complex with many dependencies to other processes?”
[Rup07]

Access Frequency: “How often is the activity performed?”

Effectivity: “How well does the activity support the customer in achieving
the business goals (with and without system-side support)?”

Compliance: “Is the activity enforced by a business restriction (from which
the business goal depends on)?”

Satisfaction: “How satisfied would the user groups be while performing their
activities, e.g. if it is supported by the system?”

Costs

There basically exist two kinds of costs companies have to face: The costs for exe-
cuting a set of activities by individuals and the costs that arise from the implemen-
tation and the maintenance of the information systems in order to support these
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Artefact Type: Business Specification
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Figure 3.15.: Overview on Business Demands Analysis and underlying Concepts

activities. As not all these costs can be expressed by means of monetary values
(especially regarding the execution of the activities) an appropriate metric has to
be selected for the corresponding measurement (with specific values), referring
in particular to activity-based costing. For instance, the number of process steps
(with and without the support of a system), the process lead-time, etc. Regarding
the costs of automatisation, especially the costs for realising a business service with
an information system can only be approximated if having a certain knowledge on
the concepts of the requirements specification. For instance, if having specified the
use cases for the purpose of approximating the (functional) complexity referring
to function points analyses as a basis for the costs estimation. However, note that
these approximations still depend on many (technological) factors that often are
not clear at the beginning of projects (see also the process model in Sect. 3.9.5).

Business Risks
Business risks can be calculated based on selected risk factors that cause potential

risks to the business. We distinguish between factors that arise from the business
services themselves (e.g. leading to the risk of a market rejection of a business
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service) and risks that are caused by factors that arise from the system-side reali-
sation of the business service (e.g. that not all features are delivered in time). Note
that there exists no silver bullet for calculating the values for the risks that are
implied by the factors. One possibility is, however, to define specific test criteria
(in form of questions that address the different factors) including a rating of the
risks according to their impact (or criticality e.g. in terms of resulting costs) and
the probability that this particular factor occurs. Further information can be taken
from [Isl09, [JH09].

Content Dependencies. The concept item of the business value has dependen-
cies to the activities and the business goals. Each of the business goals achieve at
least one business value while each activity is justified by the same business goal.
This activity causes exactly one cost for executing it. If automatising this activity
(respectively the corresponding business service) it causes one cost entry for im-
plementing it and for maintaining it. Finally, each business risk is caused by at
least one risk factor, while these can arise from the business services and / or their
system-side realisation (the information system services).

Syntax. The business demands analysis should be defined within a table, while
each entry illustrates the demands (a rating) for one business services. The rep-
resentation of the values (regarding the business risks, the costs and the business
values) depend on the chosen metrics and the project needs.

One example for a calculation of the entries could be rating the single concept
items according to defined test criteria (questionnaires) and finally aggregating
the values to an overall percentage for each of the business services. For example,
by estimating the satisfaction within the business value according to “user would
be frustrated” over “user does not care” to “user would be satisfied”.

3.4.8. Glossary

The glossary defines project-specific terms that addresses a customer’s domain and
its underlying business process logic. As (1) terms that are familiar to contractors
are often not familiar to customers (and vice-versa) and (2) the semantic of terms
within one industrial sectors might differ from the semantic of same and similar
terms within another industrial sectors, this concept defines an individual, but
consistent set of terms upon which the following communication can be based on.
This fundamentally enables:

1. an effective communication that is based on a well-defined vocabulary.
2. the prevention of unnecessary misunderstandings that might expand the
time schedule and the budget of a project.

Note that the concept consists of one element with no dependencies to surround-
ing ones. However, we define the glossary as follows:

Definition: Glossary

A glossary defines the semantic of specific terms used within a business domain and
synonyms that can be used for the terms.

The business glossary consists of the following content:
e Term: Name of the term.

e Synonym in foreign language: A synonym that is semantically equivalent
within a foreign language, e.g. German.
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e Definition: Brief description of the semantic of the term.
e Synonyms: A list of terms that can be used with an equivalent meaning.
e Abbreviation: Abbreviations that can be used for the term.

e Example (optional): Exemplary sentence that makes use of the term and its
usual context.

e Status (optional): The status defines if the term is already “approved” by all
parties of “proposed”.

e Author: The author indicates the customer-side or developer-side individual
who is responsible for the term.

e Business domain (optional): Some terms are only used within specific do-
mains, e.g. within specific departments of a customer, while other depart-
ments make use of synonyms.

Syntax. The business glossary is defined within a table capturing for each of the
defined terms within a glossary entry.

3.5. Artefact Type: Requirements Specification

The requirements specification encompasses all demanded properties of a (busi-
ness information) system and / or a development process that shall be accom-
plished by a project in order to satisfy the demands stated in the business specifi-
cation. Figure 3.16 gives an overview on the hierarchical structure of the require-
ments specification. It consists of following major content items:

e a system vision in content item 3.5.2: “What is the main scope of the infor-
mation system in order to support a selected scope of the business processes
landscape?”.

e information system requirements in content item 3.5.3: “What properties shall
the information system (including aspects of the application and architec-
ture) have?”.

e a requirements risk status report in content item 3.5.6: “What risks arise with
the requirements?”.

o integrational requirements in content item 3.5.4: “How shall the information
system be delivered and deployed?”.

e organisational requirements in content item 3.5.5: “How is the project con-
strained in its process?”.

e a glossary in content item 3.5.7: “What are requirements-related (also techni-
cal) terms?”.

Before defining the content of the requirements specification, we give a brief
overview on the concepts of the different requirements classes, their attributes and
their basic relationships.

3.5.1. Overview over Basic Requirements Types and Attributes

We conceptually classify for methodological reasons only those aspects as require-
ments that directly concern properties of information systems, their integration
and their development process. Hence, in the context of this report, we define a
requirement as follows:

Definition: Requirement
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Figure 3.16.: Overview of Content Items of the Requirements Specification

A Requirement is a demanded property of an information system or a process and envi-
ronment related to the system’s development and integration, both to be accomplished
by a development project.

Figure 3.17 illustrates resulting requirements classes and their attributes as found
(besides other concepts) in the requirements specification.

According to this view we give a brief overview on the different requirements
concepts and requirements attributes.

Requirements and Classification

We distinguish between three major content items that group several requirements
classes according to their purpose.
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Figure 3.17.: Requirements Classification and Attributes

Information System Requirements. Information system requirements are re-
quirements that exclusively demand specific properties of the application, the ar-
chitecture and the (technical) environment of a particular information system. We
distinguish between:

e Scenarios describing the demanded overall external behaviour of the appli-
cation (“How will the system be used?”). We make use of scenarios for de-
scribing both (1) functional properties as part of a use case model in content
item 3.5.3.3.1 and (2) non-functional properties as part of generic scenarios in
content item 3.5.3.2.

o Functional requirements describing the demanded functional behaviour of the
application (“What shall the system do in reaction to a specific stimulus?”).
They construct the behaviour by describing specific functions an application
must exhibit without defining how it must be realised.

o System quality requirements describing demanded properties of an applica-
tion, its architecture and its environment (“What characteristics shall the sys-
tem exhibit during behaviour and what further properties are necessary?”).
They constrain the properties of the application and its environment by the
use of specific measurements.

e Architectural constraints describing logical and technical restrictions on the
solution of the overall system’s architecture (“What is to be taken as a re-
striction during design activities?”). They directly restrict the “how”, as they
demand specific aspects of the architecture.

Organisational Requirements. Organisational requirements are requirements
that restrict the overall project execution in its process. We distinguish between:
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o Project Requirements describing restrictions on the overall process model
(“What has to be done in what way?”).

e Obligations describing additional agreements, propositions and exclusions
between the parties within a development project (“Who has to do it? What
will be excluded?”).

Integrational Requirements. Integrational requirements are requirements that
restrict the execution of the integration and the delivery of the system in its process
and in its technical details. We distinguish between:

o Migration Requirements describing restrictions on the replacement or modifi-
cation of one or more legacy applications.

o Deployment Requirements describing necessary details of the integration pro-
cess from a customer’s point of view. They restrict the technical environment
during initial launch, but also corresponding organisational aspects ("What
has to be delivered in what way?”).

Requirements Attributes

Requirements attributes operationalise the requirements by defining relevant context-
information (see also the introductory figure 3.17). A requirement without an at-
tribute is neither controllable, nor is it traceable [RR99, RR07, Rup07]. The fol-
lowing attributes can to be taken as a recommendation. Variations can be made,
depending on the project complexity.

Identifier ID). Every Requirement has an unique identifier, as this is used to
communicate with customers, testers, etc. How this ID is defined, depends on
facts like the tool-support. We recommend to choose either a numerical value for
the ID or in case of functional requirements a name of a function that they describe
or affect (or a combination of both).

Description. The description covers the assertion of a requirement itself that is
used as a basis to transfer a requirement into corresponding classes, enabling the
use of specific concepts.

Owner. The owner of a requirement is the person who takes the responsibility in
decision taking in terms of applying the requirement or of denying it.

Stakeholder. Stakeholders are one or more customer-side groups of interest that
formulate requirements (see also content item business roles in 3.4.6.

Rationale. A requirement without a rationale can be a cost-intensive assumption
perhaps without any value to the customer. The rationale justifies the existence of
the requirement and its realisation. The rationale of a requirement is given by the
concepts from which the requirement is derived (e.g. the rationale of a use case
can be a specific business task).

Source. For the cases in which requirements cannot be rationaled by a specific
concept, (informal) source of elicitation can be taken as an alternative. Examples
for such sources are workshop protocols, emails or protocols of phone calls. It is
advisable to document every source for a requirement (independent of if a ratio-
nale has been stated), especially within complex projects that have a large number
of stakeholders and a high degree of communication.
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History and Version. Every requirement underlies changes, e.g. due to resolved
conflicts. The number of changes can be taken as an indicator for the stability of
a requirement, which is for example important for planing and developing test
cases. The higher the frequency of changes, the lower the stability. The history,
however, defines a chronological view onto the performed changes and benefits an
understanding of the requirements’ life cycles respecting changes and refinements.
With each of the changes of a requirement’s content it changes its version, i.e. its
current state by the use of e.g. a time stamp. Hence, the history covers a view onto
all the versions, but still needs special attention for e.g. identifying moving targets
within a project. How to define the history strongly depends on aspects, like the
use of tools.

Hint: Historising & Versioning Requirements by the use of Tools

If using (requirements management) tools in order to administrate requirements, the
differentiation between the history and the version of requirements is often blurred.
Within white papers of different tools, both features are mixed up and solved by the
use of e.g. subversion. Usually the version of a requirement should be captured
in addition, while the history usually is reflected by the composition-tree in which
requirements usually are visualised. If not referring to tool support, the attributes can
be captured by a combination of both using the version as a prefix, followed by the
last change and its date within the history (or all changes), e.g. “V.1.1 — 01.12.2008:
requirements has been changed due to workshop protocol XY”

State. This attribute defines the current state of a requirement’s life cycle. Figure
3.18 defines a possible set of states, also indicating possible transitions between the
states that arise from mentioned life cycle.

Proposed Applied

O [Other]
7 . | @ v
- Validated
(New R Q) —)O Accepted O Released

0« —— — —=
~ |
\O O [Information System O O O
Requirements]

Assumption Denied

Designed Implemented Tested

Figure 3.18.: States of Requirements

Acceptance Criteria. The acceptance criteria defines one or more circumstances
under which a customer accepts to a solution for the corresponding requirement.
This attribute supports the testability of a requirement. It is a measurement to en-
ables the decision on if a solution matches the customer’s expectations and can be
compared to the fit criterion of the VOLERE Requirements Shell [RR07]. In general,
requirements are often testable by nature (e.g. regarding functional requirements).
But not all requirements are testable that easy and this is especially true if require-
ments remain underspecified (see also Sect. 3.2.3.3).

The acceptance criteria can be stated in two ways:
1. by defining a test case with an expected result

2. by defining possible technical solutions to which a customer might agree

Hint: ’Acceptance Criteria’ versus ’Failure Classification’
Besides the acceptance criteria, often a failure classification is defined within a
project. The failure classification defines under which circumstances a requirement
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is declared to “failed to be realised” and especially the consequences, such as ar-
ranged penalties. The failure classification is part of project management and should
be stated exclusively in contractual documents and not as part of the acceptance
criteria.

Time Constraint. Time constraints allow the definition of a point in time in which
requirements should be realised. Especially within time-boxing it is important to
know the key requirements to be implemented for a specific release. We recom-
mend delimiting this information to releases. Any other time-based information
is part of project management. Therefore, one possible classification that allows
such a flexible rating is: High (Before the next regular release, usually triggered by
a change request), Release X, Low (may be postponed to further releases).

Priority. The priority of requirements describes the importance indicating the im-
pact that requirements take for the customer and for the development if realising
it or not. However, stakeholders will usually do hard in prioritising their require-
ments by themselves for example as “low”, simply because it is in human nature
to see his own requirements all as of high priority and therefore as a "Must” °. In
complex projects with a high degree of communication, or with an unknown cus-
tomer, it is nearly impossible to resolve this problem. Therefore, one possibility is
to prioritise the requirement in a reasonable way without too many individual in-
fluences of the stakeholders [Wie03, Rup07] following a cost-value-based approach
[KR97].

Within the business demands analysis (in content item 3.4.7) we described the
needs regarding each business service in terms of the costs that are implied, the
business value (importance to the customers) and finally the business risks, i.e.
the risks to the customer’s organisations. As the requirements are derived from
the business services, the priority of the requirements can also be derived from
the business demands regarding envisioned business services. To capture also the
development aspects within the prioritisation of the requirements one should ex-
tend the business demands with the risks that arise from the requirements (see also
content item “Requirements Risk Status Report” in 3.5.6), e.g risks that arise from
quality requirements that are technically not feasible

3.5.2. System Vision

The system vision defines the sometimes contractual basis for the requirements
specification. It defines how one particular information system will reflect the
needs of the business, respectively business processes (“what business processes
shall be supported by the system?”). It builds therefore the core interface between
a requirements specification and a business specification. It defines a system un-
der consideration in its breadth by specifying the system’s boundary and listing its
major use cases as well as its information system services. The following detailed
information system requirements then define in content item 3.5.3 the demands
in their depth (“to which degree shall the business processes be automatised and
how exactly?”). The system vision therefore shows how the system will match
into his intended future “real world” - environment, given by the business pro-
cess and system landscape of a customer’s organisation. This is done by mapping
an external behavioural view of the application onto the content of the business
specification.

5 This is also the reason why we take a critical stance towards prioritisation methods like “MuSCoW”
(“Must”, “Should”, “Could”, “Would”).
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For this purpose, the system vision consists of two major content items that define
the scope of the development project in terms of:

e summarising the essential parts of the business specification that are in scope
of one particular system (Summary of Business Specification)

e defining and matching high-level functionality of this system with the scope
of the business specification (Scope of the Information System under Consid-
eration)

The benefit of the system vision consists of scoping and detection of moving tar-
gets. It aligns all stakeholders into a common direction as it initially defines “what
the information system shall basically become”. Hence, it decreases the possibility
of scope creeps and by being aligned to the business specification it supports that
following requirements will satisfy business goals. Furthermore, it builds the basis
for project management activities respecting estimations of complexity and effort
and respecting the definition of contractual agreements concerning development
projects (see also section 3.8).

Figure 3.19 illustrates the concepts of the system vision. The upper part within the
content item describes the concepts used to summarise the business specification,
the bottom part describes the concepts used to define the scope of the information
system. On the left side of the figure, the requirements concept is depicted as
an abstract class. The already introduced requirements classes are not part of the
system vision, but part of subsequent content items.

For reasons of complexity we do not depict all dependencies within the concept
types of the summary of the business specification. In particular, we do not depict
the dependencies from the business services to the business processes that provide
the service and to the stakeholders that (potentially) call the services.

3.5.2.1. Summary of Business Specification

The summary of the business specification describes those aspects of the business
that are in scope of the envisioned information system. As we make use of the same
concepts of the business specification, but (if at all) differ only in the representation
of the like, we only give a brief description of the content items:

Business Goals Overview. The summary of the business goals includes those
goals that affect the envisioned information system, in particular emphasising the
IT-related goals for the purpose of defining system quality requirements (in con-
tent item 3.5.3.5)°.

Business Restrictions Overview. The summary of the business restrictions in-
cludes in particular the depiction of

e those business rules that serve as an input for the elaboration of scenarios,
e.g. defined as part of the use case model in content item 3.5.3.3.1 and as part
of the generic scenarios in content item 3.5.3.2.

e those business constraints that serve as an input for the elaboration of ar-
chitectural constraints in content item 3.5.3.6 and information system objects
in content item 3.5.3.4 (concerning e.g. the enforcement of specific naming
conventions).

6 The process-related goals serve as an input for the elaboration of the use cases in content item 3.5.3.3.1
but are implicitly covered by already (goal-compliant) business task descriptions that are used as a
basis for elaborating the use cases.
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This summary emphasises the user groups that shall

be supported in their business tasks by the envisioned system. The description of

Figure 3.19.: Overview on System Vision and underlying Concepts
the user groups guides the definition of the actors in content item 3.5.3.1.

serve as an input for defining domain-specific application capabilities (functional-

ity), in particular for defining the functional behaviour with means of e.g. a use

Business Process Overview and Business Service Overview. Both content items
case model.

Business Roles Overview.
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Business Domains Overview. The business domains that are in scope of the in-
formation system serve as a means to (functionally) structure the application, com-
pliant to the functional structure of the business process landscape. This structure
extends from the structure of the use case overview and the system overview (con-
tent items 3.5.2.2.1 and 3.5.2.2.3) to the structure of the application capabilities in
content item 3.5.3.3 beyond to the initial structure of the architecture into compo-
nents.

Information Objects Overview. This summary, finally, serves as a basis for
defining information system objects in content item 3.5.3.4 — a system-side rep-
resentation of the information objects.

3.5.2.2. Scope of the Information System under Consideration

The information system under consideration is initially defined from an external
(behavioural) perspective. This is done by defining:

o Use case overview: The use case overview lists the major use cases that are
directly related to the business tasks. This overview defines what functional-
ity of the application will support the business processes — what processes
will be (at least partially) automatised.

e Information system service overview: Information system services describe
application’s functionality in terms of a logical representation of functions
that can be called by actors.

e System overview: The system overview defines the system’s boundary and
how it interrelates with its future environment (its context).

e External systems: This concept summarises the identified surrounding sys-
tems that interact with the envisioned one.

e Features: The features additionally define user-visible characteristics of the
system that group a specific set of requirements.

3.5.2.2.1 Use Case Overview

The use case overview summarises the use cases in relation to the business tasks.
The use cases within the overview provide a quick point of entry by depicting
how functionality of the system shall support the business in realising its idealised
activities. The use cases are identified (and listed), but specified in full with corre-
sponding scenarios (“How shall the business tasks be exactly supported”) within
the use case model (see also content item 3.5.3.3.1).

Definition: Use Case Overview

The use case overview provides an overview of the use cases that directly can be per-
formed by actors. It illustrates what business tasks will at least partially be automatised
by the information system. It defines the relationships between actors and use cases
as well as between the use cases.

Content Dependencies. The use cases within the overview can and should be
structured according to the business domains. For each of the business tasks that
has to be automatised in some way (within these business domains), we can iden-
tify one or more use case as the business tasks serve as candidates. The use cases
then define with specific scenarios how single actors shall be able to interact with
the application in order to perform their business tasks. Obviously, the use cases
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can still be arranged differently as the business tasks (i.e. by representing one busi-
ness task by several use cases). Still, one use case should never relate to different
business tasks since a use case cannot describe the system-side realisation of busi-
ness logic in the granularity of more then one business task [Coc00].

Finally, the dependencies in-between single use cases (the “uses”-associations) are
to be set within the overview, although these usually will be known when the use
case model has been elaborated in full (see also content item 3.5.3.3.1).

Syntax. We recommend to describe the use case model overview with a use case
diagram as proposed by the UML [OMG07a, OMGO07b]. It is depicted by example
3.6.

Example 3.6. Use Case Overview
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This diagram provides a quick overview of the use cases with their dependencies
to other use cases and to the actors that execute the use cases. Within the use case
diagram, however, the use cases are assigned to the business domains, e.g. by the
use of packages (one package representing one business domain). The diagram
then provides a clear graphical representation of the relationships between the ac-
tors and (business) domain-specific functionality that is offered by the application.

3.5.2.2.2 Information System Service Overview

The information system service overview summarises all the information system
services that are offered by the envisioned system and that result from the neces-
sity of supporting the business processes, respectively business services. Note that
similar to business services and their relation to the business processes, an informa-
tion system service describes a logical representation of the work that is performed
with the support of the information system, i.e. an abstract view onto a use case.

However, the concept of the information system service is described in detail
within the information system service model in content item 3.5.3.3.3.

Content Dependencies. The only dependency is given by the information sys-
tem services that are referred by the overview (at least one).
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Syntax. Similar to the business service overview, we recommend to summarise
the information system services in a list, because a detailed representation of the
single information system services (including their dependencies in terms of col-
laboration) is given in content item 3.5.3.3.3. This list should capture at least the
ID of the information system service and optionally the business service that is
realised by the information system service.

3.5.2.2.3 System Overview

The system overview defines the system’s boundary and is conceptually defined
as follows:

Definition: System Overview

The system overview specifies the system’s boundary by defining the interdependen-
cies between the system and its future environment, given by the actors. These inter-
dependencies define what actors intend to interact with the system under consideration
and how they intend to do it.

In contrast to the use case overview in content item 3.5.2.2.1, the system overview
emphasises the operative environment and its dependencies to the envisioned sys-
tem. The use case model in turn emphasises the application and what functionality
it shall offer to its environment, what is depicted by the use cases. Similar to the use
case overview, the system overview should be structured according to the business
domains by grouping the external actors that interact with the system according to
the business domains which group in turn the business processes they are related
to.

The information to be defined within the system overview is therefore:

e Business domains: The business domains that structure the interrelating Ac-
tors.

e Actors: User groups and / or external systems that communicate with the
application for each of the defined business domains (see also content item
3.5.3.1).

e Interrelation: This information defines how the actors intent to communicate
with the application and indicate the direction of the information flow (if
unidirectional).

Content Dependencies. The system overview describes the interrelation of the
system with its environment that consists of either external systems (see content
item 3.5.2.2.4) or user groups (see content item 3.4.6.3). As both are described by
means of actors in content item 3.5.3.1), the system overview refers at least to one
actor that interrelates to the system.

Syntax. We recommend to describe the system overview by first giving a dia-
grammatic overview that depicts the operative environment of the system within
a context diagram, as depicted by example 3.7. This diagram structures the envi-
ronment according to the business domains and depicts which user groups and
external systems will directly communicate with the system within each of these
domains and finally how they will interrelate (depicted by the arrows). The arrows
also indicate to which direction the communication is performed. The direction of
the communication gains also as an input to define primary and secondary actors.
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Example 3.7. System Overview (Context Diagram)
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For each of the depicted business domains that are directly related to the system, a
table can be used to depict the actors and describing how they communicate with
the system.

3.5.2.2.4 External Systems

Within the system vision, we generally define what is in scope of the envisioned
system and what is out of scope. Regarding the latter, we still define for the pur-
pose of a proper overview (especially regarding application landscapes) what busi-
ness tasks shall be supported by other systems and how they (directly and indi-
rectly) relate to the envisioned one as a consequence of the workflow description
within the business process model.

For example, regarding the business process “Order Travel”, the support of the en-
visioned system might consist of several use cases, such as “Search Flight”, “Search
Hotel”, etc., while one aspect within the workflow, such as accounting, could be
performed on another system. This system does not directly interact with the envi-
sioned one interchanging information, but is referred by a user in order to perform
his business tasks, thus, the information is still necessary. Furthermore, informa-
tion that enable the depicted use cases “Search Flight” could be provided by exter-
nal systems, while these in turn would directly interact with the envisioned one.

Hence, we conceptually define external systems as follows:

Definition: External System

An external system is a system including one or more applications that directly or indi-
rectly interacts with the envisioned system in order to realise the workflow of a business
process.

Content Dependencies. The definition of the external systems (that directly in-
teract with the envisioned one) serves as an input for the elaboration of the actors
in content item 3.5.3.1, and is referred as a consequence by the system overview.
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Syntax. There is no universal way to represent the external systems. We recom-
mend to describe the systems textually within a list, defining a name, optionally
the applications that they provide (e.g. SAP) and finally the business processes
that they support, respectively to which they are related.

3.5.2.2.5 Features

Features (and their notion) are heavily discussed and often taken as a specific type
of requirements. In fact, features mostly arise from the area of product lines devel-
opment, in which features are stated and decomposed to trees in order to illustrate
possible variants of same and similar product characteristics. Consequently, there
exist many ways of expressing and understanding features. Within the application
domain of business information systems, the concept of features is not frequently
used but they still can be stated by customers e.g. within the telecommunication
sector in which features are often used for billing the use of several functions under
one specific term to a market.

In the context of this report, features are not requirements in the nearer sense.
They just are recognisable characteristics of the information system that are impor-
tant to a customer and that define a specific view onto a set of detailed require-
ments. For instance, characteristics in terms of quality characteristics as they are
represented by the ISO Std. 9126 [ISO03]. Or technical characteristics. As these de-
mands are already covered by the different requirement classes and corresponding
concepts, we declare the features according to Wiegers as a set of logically related
requirements that provide a capability to user groups. Features are recognisable to
a stakeholder that aids in making a purchase decision — a bullet item in a product
description [Wie03]. Features serve therefore as a means to bundle several require-
ments under one specific characteristic.

According to [CHS08, KCH190], we use the following definition for features:

Definition: Feature

A feature is a prominent or distinctive user-recognisable aspect, quality, or characteristic
of an information system that is related to a specific set of requirements that fulfils this
feature.

Features are therefore means to group a specific set of requirements under one
(for a stakeholder) memorable substantive, such as “Transaction Safety”, “Revision
Safety” or “Automatic Tax Calculation”. These substantives define specific views
under which same and similar requirements can be discussed and tackled from
different angles.

For example, one stakeholder could demand the feature “Transparency”. Within
the logistics sector this feature includes tracking and tracing shipments at the ba-
sis of single packages, instead of on the basis of whole palettes. This feature then
groups a set of use cases in which the tracking and tracing for the shipment pro-
cesses is described.
As feature define a selection of specific requirements and support the communica-
tion of same or similar requirements to different stakeholders, the concept of the
features only consists of the following content:

e Feature-ID: A unique identifier

o Description: A short description of the feature

e Stakeholder: the stakeholder that is interested in this feature

e Referenced Requirements: defines the requirements (IDs) the are grouped by
this feature, that satisfy this feature.
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Content Dependencies. The dependencies of a feature are given by at least one
requirement that is grouped by the feature and at least one stakeholder that takes
the responsibility of the feature.

Syntax. Features should be specified textually within a list or within a spread-
sheet. Note that compared to other feature-related approaches (e.g. found in the
application domain of embedded reactive systems), they must according to the
definition not be documented hierarchically.

3.5.3. Information System Requirements

Information system requirements are requirements that exclusively describe spe-
cific demanded functionalities, properties and conditions of the application, its
architecture and its environment from a customer’s perspective. We distinguish
between several content items in which we state for reasons of complexity for each
the encompassed excerpt of the concept model. In particular, we define within the
information system requirements:

e Actors in content item 3.5.3.1 as a representation of all the external entities
that interact with the future system, reflecting the user groups and the exter-
nal systems.

o Generic scenarios in content item 3.5.3.2 as means to describe high-level non-
functional properties that crosscut several business domains.

o Domain-specific application capabilities in content item 3.5.3.3 defining function-
ality — clustered into business domains — that is necessary to realise a seam-
less (functional) support of the business process logic for the single business
domains. We distinguish in particular between three further content items:

— Use case model: in content item 3.5.3.3.1 describing sequences of interac-
tion (scenarios) between actors and the system as a whole illustrating
how the system will be used in the context of the business processes.

— Functional requirements in content item 3.5.3.3.2 defining single demanded
functional properties of the application in order to enable the defined
use cases.

— Information system services in content item 3.5.3.3.3 defining a logical ab-
straction of the use cases (without defining scenarios or necessarily in-
volving actors).

o Information system objects in content item 3.5.3.4 reflecting the information ob-
jects (of the business process logic) to be processed by the information system
as a consequence of defined functionality.

o System quality requirements in content item 3.5.3.5 constraining behavioural
and structural characteristics and properties of the system and its environ-
ment.

o Architectural constraints in content item 3.5.3.6 restricting the future architec-
ture by defining:
— Logical restrictions in content item 3.5.3.6.1

— Technical restrictions in content item 3.5.3.6.2

3.5.3.1. Actors

Figure 3.20 illustrates the concept for describing actors, situated on the right side
of the figure. On the upper part of the figure, we depict the concepts from which
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the actors are derived (that they “realise”), i.e. the user groups from content item
3.4.6.3 and the external systems from content item 3.5.2.2.4 both described within
the system vision.

Actors, however, are a logical representation these external entities that intent to to
participate in a scenario (e.g. a use case) or may call an information system service.
Each defined actor exclusively consists of a unique id ,a reference that indicates
to the source from which is has been derived and finally if it is a primary or a
secondary actor, i.e. if the actor communicates bidirectionally or unidirectionally
only using information as an input (see also the system overview in content item
3.5.2.2.3).

We conceptually define actors as follows:

Definition: Actor

An actor is a unique role outside the system under consideration that is able to execute
an action of a scenario and / or call an information system service. We distinguish
between primary actors that provide and use information and secondary actors that
only use information from the system as an input.

Note that it is possible to group several user groups or systems by one actor. In
particular, user groups are defined and structured by their characteristics within
the customer’s organisation (their abilities, their needs and their relation to certain
business domains). Instead, actors are defined and structured by the functions of
a system that they can execute (e.g. the use cases or the services). Hence, if two
different user groups can execute for example same and similar use cases, both
should be grouped to one actor.

Content Dependencies. Actors can call one or more information system services
and participate in at least one scenarios, e.g. as part of a use case. They can be
related to either one or more user groups or to one or more external applications.

Syntax. There is no universal way of describing actors. We recommend to textu-
ally list them within an actors-list. When documenting the actors in such a list, it
should capture for each actor the reference to its source and finally the information
if it is a primary actor or a secondary one.

3.5.3.2. Generic Scenarios

Figure 3.21 on page 87 illustrates the concept for describing generic scenarios, sit-
uated on the left side of the figure. Scenarios in general do not make any assertion
on a requirement’s type. They just state specific interactions with the application
and conceal several quantified requirements. Usually, the common understanding
on scenarios within RE is that this concept is meant to illustrate functional require-
ments.

In fact, it depends on what kind of scenario we use, thereby the scenario is de-
scribed as an abstract class. A scenario can either focus on:

1. Functional properties: The scenario is described in this case as a structured
sequence of events and responses, being part of a use case in order to specify
functional properties of the application (e.g. "How will a certain user group
use the application in order to perform the business task ‘book flight'?”). This
kind of scenario is a functionally motivated structured scenario, in in the figure
depicted as part of a use case.
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Figure 3.20.: Overview on Actors and underlying Concepts

The scenario is described in this case generically

in order to specify quality and architectural demands that are not directly

2. Non-functional properties
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related to the application’s logic (e.g. “"How will an administrator perform
updates of the system during maintenance activities?”). It is not part of a
regular use case description and referred to as a generic scenario, in the figure
depicted on the left side.

A generic scenario, however, describes non-functional aspects that are not neces-
sarily related to any kind of business task. It is any imaginable sequence of steps
that an actor can perform on the application as a whole, the system’s environment,
or on specific structural elements of the system. For example, the modification of
the code, the web browser or the documentation. It has a non-functional charac-
ter, because it does not illustrate how the functionality of the application directly
supports a user group in performing his business task. No functions can be di-
rectly called. Hence, compared to structured scenarios within use cases, we do not
explicitly define information system objects that are processed, nor do we have a
direct relation to business tasks.

In figure 3.21, the non-functional purpose is represented by the satisfies-association
between one generic scenario and many system quality requirements and / or
architectural constraints that can be derived from such a scenario (see also content
items 3.5.3.5 and 3.5.3.6).

The use of generic scenarios benefits:

e the description of requirements that are hard to specify in an unambiguous
and testable way without directly having to quantify them. Instead of having
to think on e.g. precise system quality requirements that aim for example at a
certain maintainability, one can describe specific maintenance activities that
an administrator will have to perform on the system. They help in initially
understanding how the application will be used, especially if a customer is
not able to precisely state his exact needs and expectations regarding quality
aspects.

e the estimation of (functional) complexity and thereby efforts respecting qual-
ity or architectural aspects (performing sizing analyses).

Depending on the assertion we want to make with a generic scenario, we differ
between three kinds of generic scenarios and define the concept as follows:

Definition: Generic Scenario

A generic scenario is an abstract description of an interaction between an actor and the
system or its environment with the purpose of:

1. describing interactions / behaviour, that has to be prevented (by the means of
attack scenarios)

2. describing interactions / behaviour, that directly has to be supported without any
relation to the business process logic (e.g. by describing maintenance tasks that
in general address the internal quality of an application)

3. structuring, ordering and grouping use cases (emphasising what users have to
perform before executing a use case or between executing several use cases

In the first case (of the definition), we refer to scenarios as they are defined as
part of Misuse Cases (see also [HP08, Ale03]). They illustrate possible actions
that attackers can perform on the application and that have to be prevented (see
also [WMFIL09], where we explicitly illustrated the use of such scenarios). In
the second case, however, we refer to scenarios, as proposed by ATAM (Archi-
tecture Tradeoff Analysis Method), a method for evaluating architectures (see also
[BCKO5]). They illustrate interactions that e.g. the IT department will perform
when for example modifying the code. These interactions are directly performed
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on the system and its environment and are not necessarily related to the business
process. In the third case, we refer to the story behind a use case that gives a big
picture that is often not possible when exclusively describing use cases and busi-
ness tasks. Example 3.8 illustrates the three possibilities of using generic scenarios.

Example 3.8. Exemplary Generic Scenarios

1. Attack scenario illustrating how an attacker intends to embed malicious
code in HTTP query strings and that has to be prevented: "1. Attacker
exploits injection attacks; 2. Attacker exploits all public links on a web site
using a spider tool; 3.: After detecting a vulnerable parameter, the attacker
creates exploit URLs and gets victims to click on them; ...

2. Administrative scenario illustrating an administrative task: " The adminis-
trator shall be able to modify the data scheme of the database during run-time
without any side-effects in a maximum of three hours.”

3. Scenario illustrating what a user has to do before executing a use case: "The
bank employee shall be able to order a stock (regular use case) after reading
the manual within a maximum of 3 hours”.

Generic scenarios offer a good means of discussing with stakeholders about their
quality needs and gain as a basis for deriving further detailed requirements. Re-
ferring to the attack scenario of example 3.8 one possible derived system quality
requirement could be “The software shall sufficiently sanitise user-controllable in-
put for content before it is prepared in output that is used as a web page”. Re-
ferring to the administrative scenario a derived system quality requirement could
be “The documentation shall be written in English and summarise all necessary
information of frequently accessed use cases as a quickstart guideline”.

Content Dependencies. A generic scenario has no enforced relations. It can
group one or more use cases and we can derive one or more system quality re-
quirements or architectural requirements.

Syntax. Because of the different possibilities of expressing generic scenarios, the
use of description techniques that illustrate control flows makes no sense. We rec-
ommend therefore to remain to an informal description of the interaction in natural
language. For instance, as known from story cards that are used in agile develop-
ment projects, while allocating to each of the described scenarios the requirements
attributes. In addition to the description of the generic scenarios, we recommend to
depict all relevant scenarios in an overview diagram that shows how the scenarios
relate to (functional) use cases (see also the example).
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Example 3.9. Generic Scenarios (Overview Diagram)

«Generic Scenario»
Install on Workstation

Operator

Course Management System

Book Attendee via
Web Portal

«threaten»
Attacker

3.5.3.3. Domain-specific Application Capatilities

Within this content item we define functional properties of the application, specif-
ically structured into business domains. Consequently, the content items within
this one item can be reproduced within the information system requirements for
each of the business domains (each chapter representing one particular business
domain, see also appendix A.1.2).

For each of the business domains, we define (1) a use case model, (2) functional
requirements that are related to these use cases and finally (3) information system
services.

3.5.3.3.1 Use Case Model

A use case model in general groups a set of logically related use cases that can be
performed by one or more actors. Use cases in turn are to be seen as a collection of
related structured scenarios — a collection of interactions. These interactions can
be performed between an actor and the application as a whole, but also between
two components. This depends on the level of abstraction, in which we describe
a use case. With the concept of a use case, however, we refer according to Cock-
burn [Coc00] to use case at “sea-level”. This means to interactions between actors
and the application as a whole (seen as a black box), performed in order to realise
chosen business tasks within one particular business domain.

Figure 3.22 illustrates the concept of the use case model, its relation to functional
requirements (on the bottom part of the figure) and especially its relation to the
business tasks, from which the use cases are derived.

Each of the use cases is a means to understand the expectations of particular user
groups and how these (and external systems) will interact with the application
(“How will the business tasks be performed by the use of the information system
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business processes will be supported by the application, we refer in particular to

the business tasks and included single process steps that the users will perform by

their own and the steps that will be performed by the application.

A use case describes this support with a set of structured scenarios that are logi-
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cally related to each other. For example, all possible interactions that can be per-
formed within the business task “add trainer to course”. Each of these scenarios
is characterised by a basic path or an alternative path. A basic path describes a
scenarios that is primarily expected by an actor. The regular one that is executed.
For instance, what a user group “usually wants to do with the application when
adding a trainer to a course”. An alternative scenario describes what “may occa-
sionally happen when adding a trainer to a course”, such as cancelling the proce-
dure.

When describing such a scenario within a use case, it consists of an ordered se-
quence of actions (an action therefore “uses” another action). These actions de-
scribe what exactly is performed by an (external) actor, representing a user group
or an external system, or what is performed by the envisioned application. We
consequently distinguish between actor actions and system actions. Actor actions
define what the actors perform, while system actions define what the system shall
do in order to enable the expected response.

Exactly these actions realise the behaviour of a business task. When referring to a
business task, one automatically refers to a specific sequence of process steps that
are performed within a business task. Therefore, the transition from the business
process model to the analysis of information systems is performed by describing
structured scenarios that define for each of the business tasks what of the included
process steps are transferred to either an actor action or to a system action.

Within the concept model, this transition is defined by the association between the
action element and the element of the process step.

Therefore, we conceptually define according to [Wie03, Coc00] a use cases as fol-
lows:

Definition: Use Case

A use case is a discrete, stand-alone and system-supported activity that is triggered by
an event and performed by an actor in interaction with the system to satisfy a business
goal. It describes the observable behaviour and interaction of a system in response to
an actor action. A single use case might encompass a collection of related (structured)
scenarios, and one scenario is a specific instance of a use case. It consists of a unique
ID and a brief description of its purpose. A use case is related to:

e an actor that participates within a structured scenario.

e a structured scenario: A structured scenario is an ordered sequnce of actions
and interactions that occurs under certain conditions. These conditions describe
the state of the system before the scenario is executed (precondition) and the
state after the execution (postcondition).

e Action: An action is a unit that describes a specific behaviour within a scenario. It
is either an actor action, or a system action. An actor action represents a process
step that is performed by an actor, a system action a process step that is realised
by the application.

¢ Information System Object: An information system object is the system-side rep-

resentation of an information object that is created or modified as a consequence
of a system action.

Note that each scenario includes a condition rather than a whole use case including
a condition, e.g. the precondition that the actor has to be logged on before being
able to book a flight.

Hint: Stating Preconditions and Postconditions in Scenarios instead of in Use Cases.
Often, the conditions are stated within the use cases and not within its single sce-
narios. If stating the conditions within a use case, these conditions affect all the

92



3. Artefact-Based Core Model for Business Information Systems’ Analysis

scenarios within the use case. The main advantage of stating the conditions for each
scenario consists in the gained testability. When generating test cases from a use
case, testers are interested in single scenarios within the use cases, not in the use
case as a whole.

Finally, use cases and structured scenarios do not include any system quality re-
quirements (e.g. performance-related ones). These are documented separately.
See also the corresponding concept of system quality requirements in content item
3.5.3.5.

Content Dependencies. Use cases can be grouped by generic scenarios. Each
of the defined use cases may relate to other use cases (that are “used”) and to
single business tasks that shall be supported (in parts) by the information system.
Furthermore, a use case groups at least one structured scenario that is triggered
by exactly one event. Each structured scenario in turn, in which at least one actor
participates, consists of an ordered sequence of at least one action. Finally, as part
of each action, one or more information system objects can be modified. Note that
structured scenarios can be derived from business rules (actionable statements),
but is for reasons of complexity not depicted in the figure (see also the system
vision in content item 3.5.2).

Hint: Structured Scenarios versus Generic Scenarios
The difference between structured and generic scenarios is given by the associated
concepts. Compared to generic scenarios, the structured ones consist of (functionally
motivated) actions that are performed by either actors or the system. Furthermore,
within structured scenarios, information system objects can be processed.

Syntax. There exist two possibilities of representing single use cases’:

1. Textually written in natural language, in which the use case-id, its descrip-
tion, the actors and finally the structured scenarios processing information
system objects are written within templates as described in [Coc00].

2. By means of a diagrammatic representation in which the single scenarios
including the actions and their dependencies to other actions are additionally
represented covering all possible paths, i.e. basic and alternative ones.

Especially if representing complex interactions, in which a textual description
would cover more then one page, we recommend according to [Wie03, Coc00] a
diagrammatic representation (see also example 3.10).

For such a representation, there exist, similar to the syntax of the business process
model in content item 3.4.4.2, several possibilities of representing use cases. For
the construction of scenarios with ordered sequences of actions and their relation
to information system objects, a combination of data and control flow-oriented
techniques are necessary. Furthermore, in order to explicitly distinguish between
the activities that are performed by actors and ones that are performed by the en-
visioned application as a whole, the techniques must offer means for this purpose.

Although, behavioural diagram types with a particular focus on interactions like
the established UML activity diagrams offer these concepts (distinguishing by the
use of e.g. “swim lanes”), one methodological problem consists in a seamless tran-
sition between the use cases (at the abstraction level of the information system
service hierarchy) to the behaviour description from an architectural (glass box /
white box) point of view respecting the granularity of the use cases. Within this
transition, the system actions of the use cases are refined, merged or split and fi-
nally grouped by the means of components. The “swim lane” representing the

7 The relations between the single use cases is represented by the use case overview in content item
3.5.2.2.1 in the system vision.
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envisioned application is split into several ones representing several components.
A clear differentiation between external actors and single components of the en-
visioned system cannot be made explicit by the established modelling techniques.
Hence, the definition of a stop criterion for refinement of the use case actions re-
specting the methodological handling at the exclusive abstraction level of the infor-
mation system hierarchy (seeing the application exclusively as a whole black box)
is elaborate and remains to experienced-based best practices (see also [Coc00]).

Example 3.10. Use Case using UML Activity Diagrams
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3.5.8.3.2 Functional Requirements

Functional requirements describe what functions the application shall offer and are
often referred to as “The system shall do something”-statements. Most functional
requirements of a development project are covered by the defined use cases (con-
tent item 3.5.3.3.1). The concrete interdependencies between functional require-
ments and the use cases consists in the level of abstraction that implicates two
different concept types. While structured scenarios describe specific sequences of
interaction between actors and the application as a whole (at the information sys-
tem service hierarchy), a functional requirement constraints the system in single
actions, consisting of an actor action and a system action as a response. Still, not
all functional requirements are elaborated and covered by the description of use
cases, as use cases exclusively define users’ expectations from the perspective of
business tasks to be supported.

Hint: Use Cases do not cover all possible Functional Requirements
When describing use cases, each action within a scenario of a use case can be seen
as an individual functional requirement. Still, use cases do not cover all possible
functional requirements, they illustrate just the overall behaviour of the application
from a user’s perspective in the context of the business tasks. Additional functional
requirements can be a demanded communication with an external application, that
that can arise from demands of IT departments.

Figure 3.22 (depicted within the content item describing the use case model) illus-
trates the concept used to define functional requirements.

According to [Dav93], we define functional requirements as follows:
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Definition: Functional Requirement

Functional requirements define the demanded external behaviour of an application that
is given by a stimulus, followed by an expected response, as part of a reaction to this
stimulus, independant from the underlying realisation of this response. Delimited from
the term functional requirement are the characteristics and conditions, which are re-
lated to the expected response.

Therefore, a functional requirement is triggered by a certain condition that impli-
cates an actor to perform an action while the application is supposed to process an
information system object leading to an expected result. A general example would
be: “When the bank employee (actor) enters the name of the customer (condition),
the application shall perform a search function (action) based on the customer data
(information system object).”

Finally, we delimit from functional requirements any kind of especially non-
functional characteristics that are related to the functional requirements.

Hint: Delimiting Functional Requirements from System Quality Requirements
It is often said, that functional requirements build part of system quality requirements.
In fact, the ISO Std. 9126 [ISO03] defines functionality as a part of the quality char-
acteristics, in particular as part of the correctness, what in turn can be seen as the
characteristic “functionality”. In fact, not a functional requirement builds part of cor-
rectness, but the achievement of a functional requirements by the developed system.
Hence, functional requirements and system quality requirements are different con-
cepts as they concern different aspects [Gli05, Gli07] ("Does this requirement con-
struct a function or does it constrain it in its properties and conditions?”).

Content Dependencies. Each functional requirement relates to at least one action
of a structured scenario. Any other relation to e.g. actors is given as a consequence
of the interdependencies of the actions to surrounding concepts. As functional re-
quirements are often derived from other concepts as it is the case for use cases,
functional requirements can especially relate to business rules (see content item
3.4.3.1) and further informal sources like existing technical specifications or work-
shop protocols of discussions with IT departments.

Syntax. Functional requirements should be allocated to single use cases to which
they relate (e.g. by reproducing the content item for each defined use case). Re-
garding their syntax, functional requirements can be represented by formal means
and informal means. A formal representation can be achieved by the use of e.g.
temporal logic, as referred by techniques that are based on goal-based refinement
[VvLO3]. Although the advantages of a formal representation is understood, the tar-
get groups of business information systems mostly imply a textual (informal) rep-
resentation of functional requirements in natural language. To tackle the problem
of unambiguously stated functional requirements in natural language (e.g. caused
by linguistic defects as described by Kof in [Kof05]), patterns can be used to sup-
port a sentence construction according the content and the dependencies defined
within the concept model. The use of patterns have been shown by Fleischmann
in [Fle08] and Rupp in [Rup07].

Example 3.11 illustrates a pattern that fits the single elements of a sentence in nat-
ural language according the concept model.
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Example 3.11. Functional Requirement in Natural Language

/ Pattern for textually specified functional requirements \
[Under what |y The [Application] [Things to be [Process
[Who?] conditions?] shall [Process] processed] Details]
(Actor) (Condition) (Action) (Information  (Details/Further Actors)
System

Object)

[ Whenthe | B
The Ordering With the HR-
m;fstomer enters System shall Verify The User Data Database
is username

3.5.83.3.3 Information System Service Model

The information system service model describes single pieces of functionality that
are offered by an information system. Figure 3.23 illustrates the underlying con-
cepts and the dependencies to surrounding ones.

As already described within the business service model (in content item 3.4.4.1)
and in Sect. 1.5.1.2, services are often set equal to specific technologies and / or
interchange formats as known from web services. In fact, information system ser-
vices are not related to any kind of such technology, they are just an abstraction
of use cases, i.e. a blackbox description of the possible interactions between actors
and the system as a whole. The information system service model gives there-
fore logical representations of single pieces of functionality of an information sys-
tem [TOGQ9], that can be called by an actor without necessarily describing any
kind of interactions sequences. Although being (also) often set equal to use cases,
they serve therefore as an alternative to the specification of use cases. This is for ex-
ample relevant in development projects concerning hybrid systems that consist of
standard as well as custom software, thereby in cases where interaction sequences
and the participation of actors are not in the primary scope (see also the following
chapter 4 describing the customisation approach).

However, each information system service defines the support of one or more
business tasks and consequently of at least one provided business service. They
describe functions of the information system that in turn, are a specific set of op-
erations on a set of information system objects (see also content item 3.5.3.4). Fur-
thermore, they can be decomposed to the level of abstraction of functional require-
ments in which they map exactly one input to one output, while the difference
between both concepts is that actors remain not mandatory in the specification of
the services.

According to [BKMO07, Bro05, Bro03, HT09, EHH*08], we chose the following def-
inition for information system services:

Definition: Information System Service

An Information system service defines a piece of system’s functionality to support the
realisation of business processes and / or business services. It can be hierarchically
decomposed and maps an input (stimulus) to an output (response).

Synonym: “Application Service”, “IT Service”
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Figure 3.23.: Overview on Information System Service Model and underlying Concepts

Note that although each information processing system has a set of states, we
do also not necessarily describe any states within the information system service
model. When describing the services during initial stages of development, we do
not describe the states since the system is seen as a black box and the knowledge
about a reasonable set of states is weak. During further refinement of the services
we can define detailed state machines at the basis of the growing knowledge about
the component architecture and by making explicit design decisions.

However, For each of the described services there exists the possibility of defining
collaboration contracts. A collaboration contract describes expected characteristics
of an information system service in terms of how actors intent to use this service,
implication also optionally a usage protocol that defines an ordered sequence of in-
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teractions. For each collaboration contract there exists furthermore the possibility
to define an expected quality of service. We define the quality of service accord-
ing to the IT infrastructure library (ITIL) [o0GCOO07] and Brenner et al. [BGNO6] as
follows:

Definition: Quality of Service

The quality of service defines a contractual agreement on a set of service parameters
including a set of service levels. A service parameter demands for a quality attribute for
the service, like availability. A service level is a measurement that defines the expected
value range for the chosen measurement, like 96%. Both the service parameter and
the service level quantify the quality of service to a measurable or at least assessable
level.

Synonym: “Service Level Agreement”

The quality of service defines the expected quality when calling the information
system service and possible penalties if not fulfilling the quality. Note that the
measurements (the service levels) are not defined as specific measurements that
have to be fulfilled at a specific point in time (e.g. measured during acceptance
tests), but affect the whole service life cycle. Obviously, the service levels, thus also
the penalties, are often categorised into specific ranges, e.g. silver or gold while
silver defines for example the average availability of 96% and gold an average
availability of 98%, measured over a specific time frame.

Finally, the concepts for the construction of the quality of single services and the
ones for system quality requirements are similar. In fact, a quality of service is
a subset of system quality requirements [BGNO06] respecting the possibilities of
expressing needs towards the system’s quality. See also content item 3.5.3.5, where
we explain the dependencies between both concepts.

Content Dependencies. Each business service can be supported by an informa-
tion system service, while the latter then consequently supports the business pro-
cesses that provide the business service. If specifying an information system ser-
vice, it relates to at least one information system object that is used as an input and
an output, thereby defining the behaviour in terms of such a mapping (input to
output). For each information system service, there may exist several collabora-
tion contracts that can define the order for the mapping of inputs to outputs, thus,
the sequences of interactions in which actors can participate. Furthermore, as part
of a collaboration contract, a quality of service can be defined that is quantified
by at least one service parameter (chosen metrics), including for each at least one
service level that has to be achieved when calling the service.

Syntax. Due to their nature of being contractual agreements, the information sys-
tem services and underlying concepts like the quality of service are defined textu-
ally in natural language including additional diagrammatic representation using
structural diagram types, e.g. given by the UML [OMG07a, OMGO07b] (mapping
inputs to outputs). In addition to this description, the collaboration contracts, in
particular the protocols, can be defined via input/output tables as described by
Hummel et al. in [HT09]. The advantage of such a notion is that the behaviour can
be expressed without the explicit definition of actors, sequences and in particular
system states that are all not in scope of the concept.
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3.5.3.4. Information System Objects

While information objects define what is carried out by single user groups while
performing their business tasks, the information system objects define what spe-
cific subset of information objects is directly related to and processed by the envi-
sioned application. Hence, they are a system-side representation of selected infor-
mation objects that are processed by the application when calling an information
system service and / or executing a use case. Figure 3.24 illustrates the concept
on its right side, being surrounded by the information objects within the vision
and the domain-specific application capabilities that make use of the information
system objects.

Artefact Type: Requirements Specification
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Figure 3.24.: Overview on Information System Objects and underlying Concepts

This usage is in particular performed in terms of creating, reading, or updating the
information system objects. For example the operation “create” (new order) that
is related to the structured scenario “place order” being performed by a waiter in
a restaurant. When surrounding information system services and structured sce-
narios make use of information system objects, they implicate (directed) relations
with cardinalities between the objects. For instance, if the scenario “account or-
der” producing several instances of the information system object “Bill” needs the
output object “Order” of the fore going scenario “place order”, this implicates a
directed relation from the object “Order” to “Bill”, such as each order having at
least one associated bill.

However, each of the information system objects encompass a description of the:

e Type: The name of the information system object is its unique identifier and
represents a superset of the information objects from which it is derived. For
example the type “Order”.
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e Description: The description of the information system object provides a
quick overview of the context and its content. For example “The order that
is taken within the restaurant and processed by the point-of-safe system”

o Attribute(s): Attributes describe the content that is encompassed by the in-
formation system object. For example the attributes “Meal” (that is ordered)
and “Desk” (that ordered the meal).

Finally, we define the concept as follows:

Definition: Information System Objects

An information system object describes the system-side representation of an informa-
tion object that can be processed in terms of being created, read of updated.

Content Dependencies. Information system objects are referred by structured
scenarios and / or information system services. The relation to those concepts is
described within the concepts that make use of the information system objects.
The relation to the information objects from which they are derived is given by the
type of the information system objects.

Furthermore, information system objects can relate to each other, while this re-
lation is given as a consequence of the relations in-between the actions of single
structured scenarios and / or the mapping of the input to the output within the
definition of information system services, both implying an ordered sequence of
operation on the objects causing directed associations between the objects.

If and how to document the relations, depends on the knowledge on the system’s
internals, e.g. the communication between single components. Hence, even if
documenting relations, these still might change during solution crafting.

Hint: Information System Objects versus the Logical Data Model.
The difference between the information system objects and the logical data model is
given by the relations between the objects. When the relations are given and defined,
single objects are set into relation as part of a model.

Syntax. How to document the information system objects depends on the com-
plexity of the application’s logic, i.e. how many operations are performed on infor-
mation system objects. Consequently the objects can be defined as part of a list that
summarises all the processed objects or as a model that emphasises the relations
using structural diagram types like UML class diagrams [OMG07a, OMGO07b].

3.5.3.5. System Quality Requirements

System quality requirements may decide on the success and failure of projects as
the main challenge consists in developing the right application in an appropriate
customer-adequate quality. At the same time, they build an aspect that is often
neglected, because they are difficult to elicit, to refine and to implement. In fact,
there still exists no established definition of system quality requirements, caused
by different understanding on quality [Gli07, KP96].

The most important and at the same time difficult aspect regarding the handling
of system quality requirements consists in (1) capturing the requirements pre-
cisely avoiding unambiguous not measurable statements, while (2) not directly
constraining the decision on how to realise the requirement (leaving degrees of
freedom for architects), (3) but still describing exactly the requirements in a sense
that is driven by the needs of customers.
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In the context of this report, however, we refer to system quality requirements as
described in Sect. 3.2.3.2 as “How good must activities be supported by systems
in order to achieve defined business goals?” The term system quality requirement is
chosen according to the ISO Std. 25030 for quality requirements [Boe08] and ex-
clusively concerns aspects of a system in order to achieve some outcome of value.

Hint: Term “Non-functional requirements”
Non-functional requirements specify everything that is not functional, e.g. until when
a specific release has to be delivered or if developers must undergo a certification.
Everything inside a requirements specification — except functional requirements —
describes therefore non-functional aspects of the whole project. In this report, we
consider system-specific quality requirements and therefore delimit from the term
non-functional requirements.

However, as stated in Sect. 3.2.3.2 we perform the refinement of system quality
requirements by a continuous decomposition of business goals that steer the de-
scription of behavioural aspects and characteristics of the business and the under-
lying systems [WMFIL09, WDWO08, DJLW09]. The behaviour describes business
activities as well as behaviour from a user’s perspective when using the system.

Figure 3.25 illustrates therefore in its bottom part the concepts of the system quality
requirements and their interrelation to concepts used to describe (besides other
aspects) the behaviour, situated in upper parts of the figure.

System quality requirements are initially captured as part of IT-related goals like
maintainability or availability. They describe high-level characteristics of a system,
named quality attributes (see also content item 3.4.3.2).

These IT-related goals are used to establish appropriate generic scenarios that de-
scribe user-visible characteristics and behaviour of the system by means of se-
quences of interaction with the system and its environment (see content item
3.5.3.2). For instance, what modifications an administrates does with the system
during run-time when performing his maintenance tasks and how he expects the
system to behave in order to achieve the maintainability.

Even if generic scenarios can often be easily tested, there exist an arbitrary number
of possibilities of implementing this scenario with an arbitrary number of cost-
intensive design-decisions that perhaps do not meet the expectations of the cus-
tomer [CNYM99]: “What means during run-time and as how large may this mod-
ification be considered? Are users operating on the system? How many? ...”".
Anyway, generic scenarios often build the only possibility of expressing system
quality requirements and at least remain at a better glance as writing “the system

shall be maintainable”.

Still, system quality requirements are to be seen as a quantification of generic sce-
narios, in which the demands are stated with proper measurements that make
the requirement measurable or at least assessable, for e.g. software controlling or
testers.

The system quality requirements then constrain specific properties that behavioural
or structural parts of the system must exhibit in order to enable the generic scenar-
ios and consequently support the business tasks from which the generic scenar-
ios have been derived. These properties take influence on one or more quality
attributes, because they are related to specific characteristics that the customers
perceive.

Hint: System Quality Requirements constrain properties of the System and not Quality At-
tributes
System quality requirements are often meant to constrain quality attributes of a sys-
tem [DKVKPO03]. Indeed, system quality requirements affect quality attributes (e.g.
increasing the usability) but do not directly constrain them. They constrain the system
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Figure 3.25.: Overview on System Quality Requirements and underlying Concepts

and its environment in their properties e.g. the language or the simple existence of
the documentation. A documentation takes effect on the maintainability, but also on
the usability of the system.

However, another possibility for defining system quality requirements is given
by defining the quality of information system services. It serves as an input to
defining system quality requirements (and vice-versa), as subsequently described
within the content dependencies.

Corresponding to these views, we define system quality requirements in the con-
text of this report as follows:

Definition: System Quality Requirements

System quality requirements constrain a system and its (development and usage) en-
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vironment in order to support an activity, thus in order to satisfy a business goals.

System quality requirements directly constrain by the use of measurements specific
behavioural (1) and structural (2) elements of the system and its environment in their
properties and conditions in order to support the activities that rationale the require-
ment. System quality requirements affect at least one quality attribute.

Examples:
(1) Demanded response-time of a search function
(2) Demanded completeness of the documentation

To sum it up, we subsequently describe the content when specifying system quality
requirements according to the concept model:

o Affected quality attribute: Although system quality requirements affect quality
attributes only indirectly, the requirements should be organised by the like
in order to support the communication to customers.

o Constrained elements (of the system and its environment): The requirements can
either constrain general elements (e.g. the documentation in general) or spe-
cific elements (e.g. “the user interface ‘Configuration-Mask’ ”)®. This de-
pends on the actual knowledge on the system’s realisation and the actual
degree of decomposition. System quality requirements in general constrain
behavioural elements or structural elements. The latter comprehends the
system itself (e.g. user interfaces, interfaces to external applications, com-
ponents, ...) and its environment (e.g. the documentation). When initially
defining system quality requirements we often constrain specific functions
e.g. in their response-time. As these functions are often described by means
like use cases, this often this leads to specifying system quality requirements
inside these use cases, while we take a critical stance towards this approach.
The reasons are that (1) this only works well for some mostly performance-
related cases, (2) we also would have to state the requirements in other af-
fected elements what would cause redundancy and finally (3) system quality
requirements can affect due to their cross-cutting nature several elements of
the same type, like every function that accesses a certain database.

o Metric: A metric reflects a non-ambiguous measurement for a test that clearly
can be answered with “Yes, we are compliant” or “No, we failed to realise the
requirement”. Metrics ensure that following constructive and surrounding
analytical phases are able to unambiguously interpret, realise and control,
respectively test the compliance of the system to the requirement. For exam-
ple, “response-time in seconds”, “mean-time to failure (MTTF)”, “number of

”ou

jobs per minutes”, “existence”, etc.

o Value range: According to a chosen metric, a corresponding value range must
be specified. An example would be defining “3-5” for the metric “response-
time in seconds”.

o Operative background: It is often necessary to document expected operative
backgrounds. Examples for expected operative backgrounds include the ex-
pected transaction loads, storage loads or the number of expected parallel
executions of certain functions. The operative background also includes tech-
nical assumptions involving the existing underlying network infrastructure
and its realisation.

8 Usually, system quality requirements affecting more the external quality like efficiency constrain spe-
cific elements, requirements affecting more the internal quality like maintainability constrain more
general elements.
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o Normative reference: Normative references reflect guidelines describing prop-
erties of structural elements. They help in describing the requirements at an
assessable level, especially if not being able to define a corresponding met-
ric. An example for such a normative reference could be a norm for web
accessibility or a user interface design guideline.

Content Dependencies. System quality requirements can be derived from generic
scenarios and influence at least one quality attribute. Their statements must be de-

scribed by at least one metric or normative reference, while each metric has at least

one assigned value range. Furthermore, in relation to a metric we can define one

variability and / or one operative background description.

A final dependency is given to the concept of information system services, in par-
ticular to the quality of service (see content item 3.5.3.3.3). The quality of ser-
vice builds regarding the possibilities of stating quality needs a subset of the sys-
tem quality requirements. Both concepts have the possibility of expressing needs
on external quality characteristics and characteristics of quality in use in com-
mon [ISO03], i.e. user-visible characteristics that are observable when calling a
service. Aspects concerning more the internal quality of the system, such as con-
straining the system’s environment for the purpose of increasing maintainability-
related characteristics are not in scope when formulating the quality of a service.
However, if overtaking system quality requirements from the quality of service
(or vice-versa), the service parameter corresponds to the metric, while the ser-
vice levels correspond to the value range. Further going information can be taken
from [BGNO6].

Syntax. There exist two ways of representing system quality requirements:
1. by the use of rich components.
2. textually written in (structured) natural language.

The rich component model, developed by Damm et al. [Dam05, DVM™*05], arises
from the application domain of embedded systems and offers means to describe
functional and system quality requirements as part of a component model. It en-
riches the concept of components by e.g. viewpoints, promises and assumptions.
Still, the approach is not adaptable to the needs of the model at hand.

Example 3.12. System Quality Requirement in Natural Language

K Pattern for textually specified system quality requirements \
[Operative
Shall be Background]
compliant to
Shall exhibit H [Metric] H [Value-Range] H [Variability] .

*) Optional

with 250 users
accessing the
ication in

[Structural Elements]

[Normative

In order to Reference]

improve the
[Quality-
Attributes] [Structural Elements]*
grouping [Behaviroural
Elements]

i
In order to parallel

improve the
Efficiency the function ,search
employee* within the
user interface ,Order
T— book*

20 % of the test cases
from 9 am to 3 pm
Eastern Time may

shall exhibit response-time of 5-8 seconds exceed in a range of 10
during execution a % from the result.
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The reason is that we do not describe at this stage of development any kind of
components. In addition, although being a promising approach it is not evaluated
to what extent the approach supports the definition of quality aspects that address
the internal quality (like maintainability). Hence, we refer to system quality re-
quirements that are written in natural language.

Likewise to the syntax of functional requirements in content item 3.5.3.3.2 we give
with example 3.12 guidance with a pattern for a sentence construction that is con-
formant to the concept model. The asterisks within the pattern symbolise optional
paths and elements.

3.5.3.6. Architectural Constraints

Architectural constraints restrict the solution’s current and future architecture or-
thogonal to functional requirements and quality requirements without giving any
degree of freedom for realising the constraints. They restrict the architecture of an
information system in its logical or technical layer and (partially) emphasise the
“How” of a system, rather then demanding “What” shall be done in general. This
is done either by directly demanding specific solutions, or by excluding specific
solutions. For example by demanding the compliance to architectural standards,
such as SOA-conformity, by defining restrictions on interfaces and communication
protocols to surrounding external systems, or by demanding the use of customer-
side existing technological platforms.

The architectural layers that are in scope of architectural constraints are:

1. the logical layer that describes how the business logic is structured and re-
flected from an architectural perspective (“How will the system be struc-
tured?”), and

2. physical layer (“With what will the structure be implemented?”).

The latter includes aspects of hardware and used technologies that supports the
realisation of a system like an oracle databases or to a cisco network router. Figure
3.26 illustrates the concepts of architectural requirements and the dependencies to
surrounding ones.

We define the concept as follows:

Definition: Architectural Constraint

Architectural constraints are statements that restrict the information system’s solution in
its architecture respecting its logical and / or physical layers. They demand or exclude
specific solutions.

However, we distinguish because the different architectural layers that are in scope
of the architectural constraints between two different concepts:

1. logical restrictions
2. technical restrictions

3.5.3.6.1 Logical Restrictions

Restrictions on the logical architecture define how to structure the architecture in
terms of how to arrange the components and their (communication) relations af-
fecting the definition of the layers of the architecture. We define the restrictions on
the logical architecture as follows:

Definition: Restrictions on the Logical Architecture
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Figure 3.26.: Overview on Architectural Constraints and underlying Concepts

Restrictions on the logical architecture restrict the of the solution’s architecture logically
in its structure.

The restrictions on the structure can be indirectly stated as a demand towards the
application that results from the needs of the business logic (affecting the architec-
ture) or can be directly stated as a restriction on the structure of the architecture.

An example for the first could be “The application shall enable an outsourcing
of the share management processes”, thereby restricts the structure of the com-
ponents to encompass all functions that enable the share management (business)
processes. An example for the second could be “The application shall be realised
as a rich client” or “The architecture must be compatible to a 3-tier architecture”.
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Content Dependencies. Each restriction on the logical architecture can be de-
rived from one or more business constraint (see content item 3.4.3.1) and can be
expressed by one or more generic scenarios (see content item 3.5.3.2).

Syntax. Because of the informally defined sources from which the architectural
constraints are derived and because of the (customer-side) target groups, architec-
tural constraints are specified textually in natural language. Furthermore, as the
constraints can strongly vary in their assertions there is no possibility of standar-
dising their content, thereby define patterns for a sentence construction as done
within functional requirements.

3.5.3.6.2 Technical Restrictions

Restrictions on the technical architecture define what technologies to use for the
implementation of the logical architecture and restrict also the hardware of the
architecture. They result often as a consequence of the existing technical infras-
tructure into which the system under consideration has to be integrated and /
or are enforced by existing licenses to which customers are restricted. Examples
for such restrictions could be “Information system services shall be realised using

/i

Web Services”, “The connectivity to the database must be realised using the Or-

acle Transparent Gateway”, “Object-relational mappings must be realised using
Hibernate”, or the simple exclusion of open-source technologies.

Definition: Restrictions on the Technical Architecture

Restrictions on the technical architecture restrict the architecture of the solution in the
used technologies and used hardware.

Content Dependencies. See the dependencies of the logical restrictions in con-
tent item 3.5.3.6.1.

Syntax. See the syntax of the logical restrictions in content item 3.5.3.6.1.

3.5.4. Integrational Requirements

Integrational requirements are requirements that restrict the execution of the in-
tegration and the delivery of the system in its process and in its technical details.
They serve as a basis for planning a release strategy. Figure 3.27 illustrates two
concepts and related content items that are used to define integrational require-
ments:

1. deployment requirements restricting the integration process in organisa-
tional aspects and the technical environment during initial launch, such as
“During re-launch of the application training courses shall be offered to the
employees”

2. migration requirements describing restrictions on the replacement or modi-
fication of one or more legacy applications, such as “The list of the data ele-
ments to be transferred is as follows: [name], [type], [alternative format],...”

3.5.4.1. Deployment Requirements

Deployment requirements emphasise (1) organisational aspects such as training
courses, structure and order of the deployment and (2) technical characteristics
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Figure 3.27.: Overview on Integrational Requirements and underlying Concepts

that go beyond the migration of legacy systems and operating issues, such as tech-
nical environments that are used during the deployment (see content item 3.5.4.2).

Definition: Deployment Requirements

Deployment requirements describe demands towards the deployment procedure, con-
straining the process design of the deployment and the technical environment during
initial launch of the system or specific parts of it.

Content Dependencies. None, except the general dependencies between the re-
quirements elements themselves.

Syntax. As deployment requirements can vary in their concern affecting organ-
isational and technical aspects, they are not standardised, thereby are textually
listed.

3.5.4.2. Migration Requirements

Migration requirements describe demands towards one of the following two as-
pects:

1. the displacement of legacy systems emphasising needs towards the strategy
(e.g. respecting sequential steps for displacing legacy systems).

2. data migration from legacy systems to the envisioned one, covering the data
elements to be transferred and used mapping rules to the information system
objects of the envisioned system.

Aspects of used technologies are not in scope of migration requirements.

Definition: Migration Requirements
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Migration requirements are restrictions on the displacement or modification of one or
more legacy systems, emphasising either aspects of (technical) migration steps or as-
pects of data migration.

Content Dependencies. The concept exhibits no explicit dependencies. Still,
note that migration requirements concerning aspects of data migration can only
be completed when the definition of the overall information system objects (also
from the given external systems) is completed.

Syntax. The syntax for representing migration requirements depends on the cov-
ered migration aspect. If concerning the displacement of legacy systems, the steps
can be represented with charts, or project plans (emphasising ordered steps to be
performed rather than specific time schedules). If concerning, however, the data
migration, we use tables for describing the mapping of the “old” data model to the
new one. If data conversion algorithms need to be described, this can be performed
by the use of pseudo code.

3.5.5. Organisational Requirements

Organisational requirements, often described as process requirements, restrict the
overall project execution and its process.

Definition: Organisational Requirement

Organisational requirements define the demands towards the project execution and its
process in general, including project requirements and obligations.

Organisational requirements can either be:

1. obligations concerning additional agreements, propositions and exclusions
between selected parties (“What shall be done by whom and until when?”),
such as “The development process and the corresponding working products
shall be compliant to the German standard V-Modell XT”

2. project requirements affecting the process model (“How shall it be done?”)
and the artefact types, for example by defining standards to which the arte-
fact structure has to be adapted, such as “The Media API will not be sup-
ported. The specification of the interface to the external application ‘SAP
HR’ will be delivered by the customer within the release [release]”

Figure 3.28 illustrates the envisioned concept.

3.5.5.1. Obligations

We define obligations as follows:

Definition: Obligations

Obligations are agreements, propositions and exclusions between the parties within a
development project. They encompass demands towards a specific action that has to
be taken by a party, independent of how the action is performed.

Content Dependencies. None, except the general dependencies between the re-
quirements elements themselves.
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Figure 3.28.: Overview on Organisational Requirements and underlying Concepts

Syntax. Obligations are described textually in natural language.

3.5.5.2. Project Requirements

We define project requirements as follows:

Definition: Project Requirements

Project requirements are constraints towards the content and / or structure of selected
artefract types and the process model, i.e. affecting the process design.

Project requirements affect the process as well as the artefacts. The process can
be affected in its milestones regarding time schedules, used infrastructure like
mandatory tools, and compliance to selected standards and approaches like to the
V-Modell XT. The artefacts can be affected in their structure by e.g. enforcing the
structure according to selected standards, such as the IEEE Std. 830-1998 recom-
mended practice for software requirements specifications [OEEE98].

Content Dependencies. None, except the general dependencies between the re-
quirements elements themselves.

Syntax. Regarding the syntax, project requirements can be described textually in
natural language using in addition diagrammatic representations for the descrip-
tion of time schedules, like gantt charts.

3.5.6. Requirements Risk Status Report

The requirements risk status report summarises all the risks that arise from sin-
gle defected requirements. It describes the requirements that exhibit certain errors
and defects and serves as an input for risk management activities (see also Sect.
3.8). A requirements error is a mistake that has been done during project execu-
tion, a misconception of the actual needs of a customer. A requirements risk is a

110



3. Artefact-Based Core Model for Business Information Systems’ Analysis

consequence of certain defects within the requirement — a manifestation of an risk
factor. For example, a requirement could state “The system shall provide sufficient
access control [...]”. The requirement would exhibit the defect of being ambiguous
(“What means sufficient?”). The risk factor could be the lack of technical knowl-
edge of the stakeholders.

Definition: Requirements Risk and Risk Factors
A requirements risk is a defected requirement that causes potential problems to the de-
velopment activities and to the final software product quality due to specific risk factors.

A risk factor is the root cause for the requirements risk. One risk factor can be the root
cause for several requirements risks (defected requirements).

However, the requirements risk status report aims at controlling risks that are re-
lated to requirements and structures the risks according to a specific rating (the
risk score), also describing how these risks can and should be mitigated. Figure
3.29 illustrates the used concepts.

Artefact Type: Requirements Specification
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Figure 3.29.: Overview on Requirements Risk Status Report and underlying Concepts

Each requirement that is defected can be assessed by specific test criteria and as-
sessment strategies. One possibility of performing this assessment is given by
defining test criteria for chosen (possible) defects, e.g. by defining questions that
address if requirements are unfeasible, incomplete or incorrect. In dependency to
the answers, the risks are detected and rated. The result of this assessment is the
risk score and possible mitigation points. The risk score gives us the possibility
to rate the risks, while the mitigation points are used to control the risks. The rat-
ing can be taken for adjusting the priority of requirements (see also the defined
requirements attributes).

As a whole, we define the following content within the risk status report for each
of the identified faulty requirement:

e ID: The ID of the defected requirement is captured.

o Description: A short description of the risk details gives a quick overview on
the defects of the requirements based on the risk factors (such as “unfeasi-
ble”).

e Risk score: The risk score determines the value of the risk with specific ranges.
How exactly the score is calculated depends on the chosen metrics.
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e Risk impact: Depending on the risk score a specific risk impact identifies the
severity of the risk. One possibility for defining the impact levels is given as
follows: catastrophic, high, medium, low and none.

e Risk mitigation points: Mitigation points specify the appropriate treatment ac-
tions that are meant to control the risks.

e Owner: The owner is the person who takes the responsibility mitigate the
risks.

e Status: The status of a requirements risk provides the update information on
its actual degree of mitigation.

o Time constraint: The time constraint specifies the estimated time until when
the risk needs to be solved.

e Comments: Additional comments can be made, if required.

In addition to the risks that are directly related to requirements, there exists the
possibility of defining risk trends. The main idea of a risk trend is to identify and
summarise the defected requirements according to their frequency of appearance.
This facilitates to focus more on the root causes so that same and similar risk de-
fects might not further arise. A risk trend therefore quantifies the requirement
risks to a summary and shows how often same and similar risks come up within
the same project. It can be expressed by a percentage that is determined by count-
ing how many requirements are affected by the same defects.

It also counts the influential risk factors themselves, what leads to a risk factor
trend.

Definition: Risk Trend and Risk Factor Trend
A risk trend calculates the total amount of requirements that are affected due to the
same defects.

A risk factor trend calculates the total amount of risk factors that are the root cause for
the defects.

Example 3.13. Exemplary Risk Trends and Risk Factors Trends
Requirements Risk Trend:

o 40 % of the defected requirements are incomplete

o 20 % of the defected requirements are unstable

O 500

Requirements Risk Factor Trend:

o 30 % of the requirements risks are caused by a missing technical knowledge
of the customer

o 15 % of the requirements risks are caused by a missing user involvement

Content Dependencies. Each requirement can imply one or more requirements
risks that are caused by at least one risk factor. The risk factors build part of one
risk trend.
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Syntax. The risk status report should be defined textually within a spreadsheet.
This also depends on used risk management standards (see also Sect. 3.8), so that
the risk status report should be adapted to the like.

3.5.7. Glossary

The glossary within the requirements specification extends the one of the business
specification with all the requirements-specific, mostly technical, terms that have
influence on the requirements specification (e.g. arising from architectural require-
ments). As the glossary is from the perspective of the used concept same to the one
in the business specification, it also has no dependencies.

Syntax. We define the same syntax as done within the business specification (see
also content item 3.4.8).

3.6. Artefact Type: Traceability Matrix

Traceability in general concerns “the ability to describe and follow the life of a
requirement, in both a forward and backward direction, i.e. from its origins,
through its development and specication, to its subsequent deployment and use,
and through periods of on-going refinement and iteration in any of these phases”
[GF94]. Traceability helps to demonstrate that each requirement has been satisfied
and furthermore ensures that each developed component of the system satisfies a
requirement [Ste90, Wri91]. The term traceability is defined according to Ramesh
et al. [R]J01] as follows:

Definition: Traceability

Traceability is a characteristic of a system and its development in which the require-
ments are clearly and unambiguously linked (1) backward to their sources and ratio-
nales and (2) forward to the artefacts that are produced during following constructive
disciplines based on the requirements. The documented links are defined as Require-
ments Traces.

(1): Forward tracing describes the investigation of traces forward to the artefacts that
are accordingly produced.

(2): Backward tracing describes the investigation of traces backward to the artefacts’
rationale.

The traceability matrix, however, documents all the requirements traces, main-
taining links between the different artefacts in order to follow the evolution of a
requirement throughout its life cycle.

Definition: Traceability Matrix

The traceability matrix describes the requirements traces that are produced over the
whole development life cycle, defining the backward traces and the forward traces of
the requirements artefacts.

The traceability matrix is initiated during business information systems” analysis,
but extended during subsequent development phases and production of further
artefact types. Obviously, the matrix builds an own artefact type as its life cycle
accompanies all development activities.
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As the traceability matrix captures all the links between the artefacts of different
software development phases, it is an effort to ensure the consistency in-between
these links. In fact, the advantage lies especially in large projects as the traceability
matrix enables:

1. Impact analysis during a change management procedure, describing what el-
ements of constructive phases are affected by modified or new requirements.

2. Controlling of the requirement by proving the degree of appliance of the
overall amount of requirements, i.e. describing the functional coverage of
system use cases (“How many requirements are realised by this system use
case?”)

3. Reusing requirements, enabling the proof and comparison of traceability ma-
trices across different projects (e.g. “What did others do to refine and realise
this quality requirements and how much did it approximately cost”)

4. Detecting conflicted requirements (“Conflict Management”) by capturing
what elements of the constructive phases are affected by same and similar
requirements that possibly make contrary assertions

5. Checking the rationale of requirements and discovering necessities of re-
adjusting the business specification (e.g. “are there business goals or busi-
ness processes that are not satisfied by any requirements?”)

6. Finally, discovering the history of implemented function and design decision
to ward of gold-plating [Pal91, Ste90, Wri91]

The concept of a traceability matrix represents all possible associations between the
requirements classes within the requirements specification and (backward) from
the requirements to the concepts of the business specification (from which require-
ments are derived).

Content Dependencies. The traceability matrix represents itself all the associa-
tions between selected concept of the artefact model.

Syntax. How to define and to organise the matrix depends on the used infras-
tructure, e.g. on if the matrix is exclusively documented within spreadsheets or
managed by tools. If referring to tools the traces are managed by the stored asso-
ciations between the concepts. The way of how to organise the traceability matrix
strongly depends on the purpose of the matrix. In general, there exists:

1. the requirements-centred structure and

2. the artefact-centred structure.
The requirements-centred structure puts the requirements in the centre of our at-
tention. It defines for each of the documented requirements (concepts) the ele-
ments that finally realise the requirements during following design activities and
that rationale the requirements during foregoing activities concerning the business
specification. Example 3.14 illustrates resulting structure of the traceability matrix,
often referred for the purpose of using the matrix for acceptance test cases.

Example 3.14. Requirements-centred Structure

Requirement | Business Processes Logical Component
BP1 [BP2 [BP3 [.. [LC1 [LC2 .

Requirement 1 | X X

Requirement 2 X X X

Requirement 3 X X
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The artefact-centred structure does not make any difference between requirements
and other artefacts and structures the matrix according to any possible traces that
are established between the artefacts in general. Example 3.15 illustrates the ma-
trix, while we depict only three artefacts for reasons of complexity: business pro-
cesses, use cases and logical components.

Example 3.15. Artefact-centred Structure

Busines Processes Use cases Logical
Artefacts Components
BP 1 BP 2 BP 3 BP 4 ucCl1 uc2 |UC3 |LCl1 LC2
Business BP 1
Processes BP 2
BP3
BP 4

Use Cases uc1 Iﬁ
= =)
uc3 Iﬁ
Logical LC1 Iﬁ !ﬁ
Components

LC2 Iﬁ

3.7. Interrelation of Requirements Concepts with
System Concepts

We subsequently illustrate exemplary concepts of the requirements specification
and show how they interrelate with the concepts of a system (specification). Ob-
viously, this also depends on the chosen (system) architecture framework and the
underlying concepts.

Because the system concepts are not in scope of this report, Fig. 3.30 illustrates in
its centre a generic description of a system concept. It can be extended or replaced
by any architecture model (see also Sect. 1.5.1.2).

In any case, each system specification is constructed by making use of three (ab-
stract) concepts:

1. Environment: The environment represents all aspects that are not directly re-
lated to the system’s functionality or structure. Still, it is of interest during
development and integration activities. For instance, the documentation, the
deployment environment, the code or the underlying network infrastructure.

2. Structure: The structure of a system represents the system’s architecture and
results from the (functional) decomposition of the architecture into subsys-
tems and finally components. The latter offer ports that define how compo-
nents communicate with each other and thereby represent the interfaces of
single components. We make no distinction between components and user
interfaces or further concepts that are used to describe the communication to
the system’s environment.

3. Functions (Behaviour): The functions describe behaviour that is logically
structured by the components, in particular by provided applications that
consist of a set of functions.
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Figure 3.30.: Interrelation of Requirements Concepts with System Concepts

Regarding the concepts of the requirements specification and the transition to the
solution, we distinguish between functional aspects that steer (motivate) the con-
struction of the architecture and non-functional aspects that constrain how the ar-
chitecture is constructed. Functional aspects are reflected by the elements on the
right part of Fig. 3.30, non-functional aspects by the upper part.

Functional Aspects. Functionality is defined during the construction of the sys-
tem’s architecture by the explicit definition of functions and components being
compliant to e.g. functional requirements. Functions are offered by ports as a
function can be executed by “calling the port”. A function is the realisation of at
least one system action that is described (demanded) within structured scenarios.
For instance, the realisation of the system action “search employee”, offered via a
port of the component “Employee Administration”. Similarly, the ports of single
components describe what information system services are offered, respectively
what information system services are reflected by single components. In particu-
lar, the ports define how to communicate with a component and thereby realises
the protocol of an information system service. As a consequence of this commu-
nication, the ports also describe what information system objects are processed
during the execution of a function. They take the “functional sovereignty” over at
least one object that is in relation to an information system service and to actions
of a structured scenario’. How the exact dependencies between the services and

9 Note that actions must not refer to an information system object, while functions must. The reason
is that the actions also describe actor actions that do not necessarily relate to an object, for example if
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the components are, strongly depends on the granularity of the components and
the one of the services. In the ideal world one (logical) component offers one or
more information system service, because one component would correspond to
one business domain that logically groups the services. For reasons of complexity,
it is not depicted in the figure.

Non-Functional Aspects. Regarding non-functional aspects, the interrelations to
the system’s concepts are as follows. Generic scenarios, reflecting high-level sys-
tem quality requirements and architectural constraints, define besides the rela-
tions between the use cases, any further kind of interaction with the system that is
not functionally motivated by the business process landscape of an organisation.
These interactions involve the system as a whole including its environment (e.g.
the code). Referring to system quality requirements, they explicitly constrain one
of the three concepts. The can directly constrain the environment like demanding
properties of the documentation, the structure like demanding properties of user
interfaces, or the functions like constraining them in their response time. Instead,
architectural constraints exclusively restrict the logical architecture in its structure
or the technical one, for example by enforcing the use of specific technologies.

3.8. Artefacts as Interfaces to the Development Life
Cycle

The artefact model exhibits dependencies to the development life cycle respecting
selected target groups that make use of single concepts. We give an overview on
the interfaces to surrounding development phases in terms of depicting what con-
tent items serve as a basis for specific activities. We build therefore a bridge from
BISA activities into the surrounding development life cycle. As the content of the
defined artefact model has to be customised and integrated into specific process
models, we describe in here only general dependencies to selected activities. How,
respectively to what activities, the content items exactly relate strongly depends
on the organisational environment, e.g. the chosen process model. See also the
customisation approach in chapter 4).

We divide the development life cycle into three areas including generic activities
that refer to the contents of the presented artefact types as an input. We refer in
particular to the areas “planning & controlling activities”, “design activities” and
“quality assurance activities ”.

Planning & Controlling Activities. Planning and Controlling activities include
management aspects in the broader sense such as:

e Bidding and Acquisition: During acquisition and bidding procedures the
business vision and the system vision serve as a basis for negotiating the main
objectives while abstracting from technical details. Both are means for mak-
ing trade-offs and for steering the relevant stakeholders within (potential)
projects into a common direction.

e Contract Management: The definition of contractual agreements are also
performed at the basis of the business vision and the system vision as both
visions summarise the elementary scope. Regarding system development
projects, the requirements and features are within the system vision of major
interest. Especially features can be used as a basis for the definition of frame
contracts, because they define an abstract view onto an amount of detailed

an actor request to cancel an ordering procedure.
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requirements. Each feature within the contracts can then for example be cou-
pled to specific failure classifications and corresponding penalty agreements.

e Complexity and Costs Estimations: The system vision, again, takes also an
important role when performing complexity and costs estimations (regard-
ing development!?). It summarises in particular all the use cases and generic
scenarios that are specified in detail within the information system require-
ments. This content builds the basis for performing analyses of (functional)
complexity if e.g. referring to the function points analyses and further sizing
analyses. This supports the estimation of the costs of a development project.

e Project Planning: When elaborating project plans, including the definition
of team structures, work packages, milestones and time schedules, there are
three content items of interest: the business vision, in particular the project
scope, organisational requirements and business domains. The latter support the
approval activities, e.g. in planning and performing workshops according to
single business domains and related stakeholders.

¢ Risk Management: Risk management activities define how to treat any risk
factors of a project. We distinguish between two major areas of risks: Risks
that affect a customer’s organisation (e.g. a market rejection of a business
service) and risks that affect development (e.g. technical unfeasibility caused
by unrealistic system quality requirements). The first is in scope of the busi-
ness demands analysis, the latter in scope of the requirements risk status report
while both serve as an input for general risk management activities.

e Problem Management: Problem management covers a broad spectrum of
activities. In particular, we refer to the identification of moving targets (e.g.
due to frequently changing requirements) and to the identification of ap-
proval creeps. The detection, but also the avoidance of the like, are supported
by the system vision and by the traceability matrix. The latter supports for ex-
ample controlling the degree of appliance of requirements in terms of what
requirements remain untreated.

e Claim and Change Management: The identification of failures and respon-
sibilities and the execution eventually resulting requests for a change is sup-
ported by the traceability matrix. It supports impact analyses in terms of indi-
cating what parts of development artefacts are affected by changing or new
requirements.

e Release Planning and Deployment: The release and deployment strategy of
a project must be compliant to any restriction of customers that in turn are
defined as part of integrational requirements.

Design Activities. With design activities we refer to solution crafting, including:

e Design of the Logical Architecture: Information system requirements in gen-
eral serve as the essential input for the design of the logical architecture.
Within the information system requirements, however, the domain-specific ca-
pabilities are of major interests, because these define the main functionality to
be designed from an architectural perspective. Furthermore, the single busi-
ness domains should be used to guide the initial structure of the architecture
into logical components that fits into the future business environment (one
component supporting with its functionality all the business processes of one
particular business domain).

e Design of the Technical Architecture: As system quality requirements and
(technical) architectural constraints have crosscutting character and can directly

10 Note that a further cost estimation is performed with the business demands analysis. We refer in this
context, however, to cost estimations regarding the development of a system under consideration.
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impact on the technical architecture. For example by restricting the used
technological infrastructure.

e Implementation: Business restrictions, including design and implementation
guidelines, such as coding standards, can directly restrict the implementa-
tion.

Quality Assurance Activities. We concern with quality assurance analytical and
testing quality assurance:

e Analytical Quality Assurance: Activities within this area aim at discover-
ing deficiencies in order to precociously counteract. Domain-specic application
capabilities and system quality requirements are in the primary scope as one tar-
get consists in ensuring the compliance of the growing architecture with the
customer’s needs regarding quality.

e Testing Quality Assurance: Inspections and reviews as performed within
quality gates make use of the whole specifications, because they are meant
to prove the adequateness of the specifications for a specific purpose such
as acceptance. Furthermore, acceptance test cases being one result of test-
ing quality assurance, prove if the delivered information system meets the
customers’ expectations. Hence, the acceptance test cases are mainly derived
at the basis of information system requirements, in particular the use cases and
the information system services. A further input for defining acceptance test
cases is the traceability matrix, as it provides support for checking how many
requirements are covered by particular test cases.

3.9. Process Model

We subsequently introduce the basic concepts of the process model for the busi-
ness information systems’ analysis. We first give an overview on the process and
describe also the limitations of the process model. Afterwards we describe the
steering principles of the process respecting the content production. We define
furthermore the milestones of the process and conclude with a description of the
tasks to be performed in order to produce the artefact types.

3.9.1. Overview on Business Information Systems’ Analysis

As depicted by Fig. 3.31, the business information systems” analysis includes sev-
eral activities and a specific set of milestones in-between these activities. In partic-
ular, we define the activities customise to project environment, create business spec-
ification, create requirements specification and finally change management activities.
Furthermore, we distinguish in general between management activities and en-
gineering activities. The latter concern the production of the introduced artefact
types and are described in detail in Sect. 3.9.4 and Sect. 3.9.5. Out of scope are
for reasons of simplicity activities that concern the creation and maintenance of
the traceability matrix. The milestones and their coupling to specific artefacts are
defined in Sect. 3.9.3.

We give now an overview on the activities.

Customise to Project Environment. This activity concerns all the planning tasks
that have to be performed and decision that have to be taken during business in-
formation systems’ analysis. In particular, it concerns how exactly to perform the
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Figure 3.31.: Overview on Business Information Systems’ Analysis

engineering activities according to project-specific parameters. In fact, the (engi-
neering) activities introduced in subsequent sections do not dictate any strict or-
der for performing the tasks or how exactly to define the milestones (and their
relations). Both are part of the customisation approach that is defined in chapter 4.

Create Business Specification. This activity describes all the tasks that are needed
to create the business specification. It is encompassed by two milestones. The mile-
stones define points in time in which specific artefacts are accepted by all parties,
respectively in which the artefact type is completed. In particular, the first mile-
stone defines when the business vision is accepted, the second one when the busi-
ness specification is completed and accepted. Note that the first milestone does not
define when exactly to start the activity itself, but only when the first content item
(the business vision) is accepted by a customer.

Create Requirements Specification. This activity describes all the tasks concern-
ing the creation of the requirements specification. Similarly to the creation of the
business specification, we define also in here two milestones. One that defines the
point in time in which to initiate the activity in full (when accepting the system vi-
sion) and the second milestones that addresses the completion of the requirements
specification.

Change Management. Change management is the nearer sense an own disci-
pline that pervades the whole development life cycle [JBR99, KKO03]. It defines
tasks for a structured performance of a change request towards selected artefacts
and the execution of the change. The latter concerns the creation of new artefacts
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or the modification of existing ones. When exactly to initialise change manage-
ment strongly depends on process model of an organisation. Still, a change can
be triggered at any time, i.e. when the first artefact is accepted by a customer. It
is for example possible the define additional requirements after accepting the re-
quirements specification. This is also the reason why we continue the depiction
of the engineering tasks with a dotted line after their second milestone. However,
the change management process is not in scope of this report. Further informa-
tion regarding change management in general and aspects that concern changes
on requirements can be taken from [MFsAQ9].

Genericness enabling Customisation

The process model is described in a generic, but comprehensive way. Otherwise it
would not offer a flexible framework that allows customisation.

Create Business Specification
(Activity)

Business
Rules

[T-related
Goals

Create Requirements Specification//

(Activity) ] Task j

Analyse User Interaction
Business 1
== ____-: Output

AN Rules
Steps

/ Individual Method
(Out of Scope)

i-4. Generic

Boeparios

Figure 3.32.: Exclusion of Task Orientation (Methods and their ordered Enforcement)

Fig. 3.32 illustrates an excerpt of the process model that is defined according to
the structure described in the meta model of Chp.2. The process model consists of
activities and tasks. An activity like create requirements specification defines a set of
tasks used to produce the requirements specification. Each task in turn produces
based on an input an expected output. For producing this output, each task in-
cludes steps that define a concrete method for constructing selected contents (out-
put) of the particular artefact type. Methods, however, define for a chosen syntax
how exactly to produce the content items, like how to describe a use case with
UML activity diagrams.

The process model defines a framework by the definition of tasks and their inter-
dependencies, based on the needed input for constructing the output. Still, it does
not restrict the process with specific methods and it does not dictate any specific
process description (a sequence of using the methods).

Process Description. The concrete process description is an outcome of the cus-

tomisation approach, that defines how exactly to act within the process model. A
specific process description, such as when referring to a waterfall model, is not
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predefined within the process model. It is systematically constructed during the
execution of the process at the project level, as introduced in Sect. 4.3.

Methods. Methods including the definition of how to elaborate artefacts with a
specific syntax are not defined within the process model for one particular rea-
son: A strict definition of a concrete method for each task excludes the possibility
of customising the model to needs at organisational level and at project level'!.
Each organisation defines — or needs at least the possibility to define — selected
methods that describe for example how to construct the scenarios of a use case
with UML activity diagrams. This is mostly done according to the organisational
culture including also the description of best practices.

In Sect. 3.9.4 and Sect. 3.9.5 we define for this reasons a generic method frame in-
cluding a general depiction of the tasks (with the input/output-relation) without
defining detailed insights and restricting the syntax. In Chp. 4 we illustrate then
the definition of chosen methods at the organisational level.

3.9.2. Steering Principles for the Content Production

The followed philosophy for creating the artefacts can be stated by two steering
principles:

1. Problem Statement and Problem Solving is an iterative approach.

2. Each iteration should be performed according to the defined business do-
mains.

Iterative Problem Statement and Problem Solving. According to Conklin et
al. [CW97] and as stated in Sect. 3.2.3.3, the elaboration of an idea for a system’s
solution begins constantly during the elaboration of detailed problems (business
and requirements specification). This is especially true as we continuously narrow
down the problem space with each design decision that we make. Indeed, with
every stated solution, new problems (hidden requirements) arise that would oth-
erwise not be stated by customers as they simply can not have all possible require-
ments in their mind. This includes also the elaboration of requirements towards
information systems and business process descriptions in parallel. For instance,
when defining use cases, additional modifications on already specified business
processes can be necessary. Similarly, when designing the system, additional mod-
ifications on already specified use cases can be necessary. Figure 3.33 illustrates the
resulting approach for problem solving (with the dotted lines) in comparison to a
traditional view.

In fact, how exactly to proceed strongly depends on constraints on the process
models such as implications on a waterfall for example due to a multi-staged bid-
ding procedure (see also Chp. 4). Still, an efficient business information systems’
analysis is based on an iterative approach between the problem statement and the
problem solving, i.e. the continuous elaboration of a solution and the description
of the problems in parallel.

Business Domain-Orientation. For structuring the BISA approach we make use
of business domains (see also content item 3.4.2.2 of the business specification).
Business domains do not only structure the content of the artefacts, but also the
process for elaborating the artefacts. In particular, each of the iterations that are

11 Note that the definition of a concrete method with a specific syntax for one particular concept
strongly affects the definition of the methods of surrounding concepts what in turn implies a
downslide of the flexibility for using the approach in projects.
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Figure 3.33.: Problem Statement versus Problem Solving according to [CW97]

depicted in Fig. 3.33 reflect the guided elaboration of the content of one particular
business domain (see also Fig. 3.34).
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Figure 3.34.: BISA Structured according to Business Domains

Even if there exist dependencies between the business domains, they are used to
structure the approach, because they support:
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1. a structured communication with customers: By grouping the different stake-
holder (and process owners with “underlying” user groups) according to
their business processes, they serve as a means to support a systematic ap-
proval process. For instance, when performing workshops regarding the
needs of the roles within single business domains. They furthermore clus-
ter the content of the artefacts into a manageable and well organised amount
(according to the business processes).

2. balanced problem-orientation: Generally, as described in section 3.2.3.3 the arte-
facts that correspond to one business domain are refined to detailed work-
flow descriptions and detailed requirements, but they must not at any cost.
As a specific content of the artefacts is related to a business domain, this en-
ables an uncritical differentiation between needed and possible refinement
according to project-specific parameters (see also the next chapter 4).

3. scalability: Business domains are meant to structure large-scale organisations
by their business processes as well as small-scale ones. That supports the
scalability of the approach and makes it fit for the use of complex develop-
ment projects with large application landscapes.

3.9.3. Milestones

We distinguish four basic milestones during the performance of the business in-
formation systems’ analysis:

1. Business Vision Accepted coupled to the content item business vision (Sect. 3.4.1).
This milestones defines the point in time of accepting the business vision and
initiating the activity create business specification in full.

2. Business Specification Completed coupled to the overall artefact type business
specification. This milestone defines the point in time of accepting the busi-
ness specification and thereby setting a reliable basis for the requirements
specification.

3. System Vision Accepted coupled to the content item system vision (Sect. 3.5.2).
This milestones defines the point in time of accepting the system vision as a
point of entry into the activity create requirements specification.

4. Requirements Specification Completed coupled finally to the overall artefact
type requirements specification and defining when to finish the elaboration of
the requirements specification.

Figure 3.35 illustrates the four milestones of BISA. It furthermore illustrates the re-
lation of the milestones business specification completed to the milestone system vision
accepted in dependency to the chosen process model. A similar relation is given
by the activity create requirements specification and design, i.e. when to finish one
artefact type and when to start the elaboration of the next.

There exist in general two scenarios for defining these milestones’ relations: first,
if developing continuously and second if facing a (strict) waterfall model.

Continuous Development. The first possible point of entry for creating a re-
quirements specification (the dotted one) is given if developing continuously, i.e.
if the business specification does not have to be completed before accepting the
system vision.

This case demands for a minimal (syntactic) completion criterion for the content of
the business specification before being able to complete the system vision!?:

12 Respectively the completion criterion for the content of single business domains (see also the fore
going section).
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Figure 3.35.: Milestones and their Relation depending on the Process Model

1. The business domains have to be identified.

2. The business services and the business processes should be completely spec-
ified in their breadth at the abstraction level of the business process hierar-
chy. This includes for the core processes the identification of all encompassed
business tasks and all participating user groups.

3. The process steps and their relation (describing workflow) do not have to
specified completely and can be described during the elaboration of the use
case model.

4. All business objects that are directly related to envisioned business tasks have
to be identified.

5. The business rules have to be identified, especially the ones affecting the
business processes within the envisioned business domains.

At this basis the system vision can be completed by identifying the use cases (ac-
cording to the business tasks), by identifying the information system services and
finally by defining the system overview with e.g. a context diagram.

Waterfall Model. The second point of entry for elaborating the requirements
specification describes the elaboration of the system vision when the business spec-
ification is specified in full, what comes close to a strict waterfall model. For in-
stance, this can be the case when the results of one activity have to be produced
before initiating further going activities, e.g. if we want to clearify if to proceed
with the elaboration of the system vision based on the content of the business spec-
ification.

Comparison of Both. What process model to chose depends on project-specific
aspects (see also Chp. 4). Anyway, the earlier the initial milestone is set, the weaker
the system vision. The consequences might be that initial calculations made for
pricing (at the basis of the system vision) can exhibit defects in their details. But
at the same time, the later the system vision is generated, the more inefficient and
cost-intensive the process.
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3.9.4. Activity: Create Business Specification

Table 3.2 on page 127 illustrates the tasks of the activity for creating the business
specification. The elaboration of the business specification is performed as intro-
duced in Sect. 3.2.3.1 illustrating an engagement roadmap. After defining the cur-
rent state of an organisation including current business processes and services a
gap analysis is performed in order to sketch a vision on the future state. The busi-
ness goals are decomposed in order to steer the decomposition of the business
processes into a customer-adequate direction. In particular, the decomposition is
performed for business processes that directly contribute to the satisfaction of the
business goals and the envisioned business services (the core processes). Based on
the gained ideal business process logic, the structure (the business process hierar-
chy) is re-designed and adjusted (comparable to a divide and conquer approach).

However, two critical aspects that are to be taken into account, but are out of scope
for this report are aspects of service and systems’ evolution and consequently as-
pects of choosing an appropriate service granularity when defining the services.
The more abstract a business service is defined (the more business processes “en-
compassed”) the less the gained agility. We exclude then during the evolution pos-
sibilities of performing fine-grained analysis of detailed business tasks and thereby
analysing the necessary support of business information systems.

126



3. Artefact-Based Core Model for Business Information Systems’ Analysis

uoneoyoads ssauisng 8jeals) AIAIIOY 8y} JO SYSB| U0 MBIAIBAQ :°Z'S algeL

Axessor8 ur surdy drydads-urewop auya(|

sjooo03o1d doysszopy

(8F7°¢) AressorH

Axessor8 Ayadg

sisATeue spuewap ssaursng ajordwo))

DOTAIDS * DEa 10J }S0D
pue anjeA ‘sySLI payIIuap]

(L¥¢) sis
-AJeue spuewap ssaursng

SUOISIDOP S[euotiey]

*+ ‘s9sed

swaysAs uonyeurioyur £q payroddns aq 0 pasu | sssuisng ‘(FF'¢) SedIAIRS | (/'F'€) UOIESIRWOINE I0) uonesn

sassa001d pue SadIAISS SsauIsnq jeym AJyuap] | pue sassadord ssaursng | s)S0d pue s[eod paje[@I-1] | -Lwojne I0j Spasu suyd(]

T¥7v¢) 2INjoNIIS

sassadoxd (TT¥g) | sedtaras ssaursng (1'ZH'¢) | uonesie3Io pue SadIAISS

ssaursnq [eapt 03 3urpiodde amonys snlpy | sassedord sseursng | amjonis  uonesmedi | ssaursng  udisop  (-9Y)
(I'S¥°¢)

surewiop ssauisng augap (-9y])

spalqo °q “(¥¥°¢) samIiq
eded -q ‘(9'7¢) $9101 g

(TT¥g) surewop g

SUTEWOP SSAUISN] dUYI(]

$303[qO UOTeULIOJUT pUk SSAUISN( dALID(]

(I'F%°€) sao1a10S °q
pue (z§H€) sessaooid g

(§F°¢) ;Ppow

UOT}eWLIOFUT ssaursng

[°pow uon
-BWIOJUI SSaUISNq dUlja(]

sassadoxd sdoysyrom “(z'¢3°¢) (TTF°C) sses ssaursnq sassaoo1d ssaursnq

910D 10 SY[Se) SSAUISN( YIIM MOTPIOM dUld(] | S[eod pore[aI-ssado1] | pue sassadord ssaursng | pauorsiaud  dsodwodsq
S9OIAISS pue S[E03 SSaUISN( dASIYDE 0} ANJLL} (I'F¥°¢) s[eos (T¥¥g) sor0d $9SSaD
-u0d A9} MOy uo paseq sassadoird astrodaie) | g (T'FH'¢) Sootaras ‘g | -9yed  ssadoid ssaursng | -oxd ssaursnqg astodsye))
(I'T¥¢) sordwund (Te¥e) s[eo3

s[eod -q Aystyes yeys sjeod ‘[pi-ssadoid suya(q | (7'gH'g) S[eod ssauisng | sjeod pare[aI-ssado1] | pajepr-ssadord  suya(q
adoos ssaursnq pauorsiaus 03 pajerar sdnoid SIsATeue
JI9SnN pue IduMO ssado1d “Iapjoyeyels Ajruap] sdoyssyrom ‘syreypd ayerg (9°'F°¢) sojo1 ssaursng | I9pjoyaeIs WLI0JID ]

‘31 aa01dde pue UOISIA SsauISNq A}
adoos 309foxd paurgep sy uo paseq ajerdwo)

SWIa)T JUSIUOD Pajeroqe[q

(1#'€) UoISIA ssaursng

UOISIA ssaursng a3a7dwo))

s[eo$d ssaursnq paynpuapt pue sajdourid pauy

(a2

saniqeden ssaursnq

-9p IIM Saydjew d1e1s JuaLmd J1 ayednsaau] | ‘(z’¢F'g) S[eod ssaursng T T1H¢ 9doos 10901 ] sisATeue de3 wrojia g
SDIAISS

S9DIAISS pue (F%'¢) | ssoutsnq pue sassadoxd

(sse1 ou) sassadoxd ssaursng si-se AJIUSpP] *** ‘sased ssaursng | saniqiqededn ssaulsng | ssaursnqg JualImd AJIjuap]

SJUTEIISUOD PUE SINI SSAUISN AJIUsp]

e \WQMUMMOﬁﬁ

(Tg¥'g) suondmsar °gq

SUOTOLI}SAI dJeloqe[q

ureyd anfeA pue uors
-STW 313 JO SIseq dY} Je sTeo3d ssaursng AJuap]

(T'T°F°€) 1X1U00 ssaursng

(T €5°€) s[eoS ssaursng

S[eo3 ssaursng aALI(]

sord
-punid pue s9A8[qo aqLIdSAp pue AJuLp]

-+ ‘sadrjod ‘szaded
ASoyenys ‘sased ssaursng

(I'T'F°€) 1Xo3u00 ssaursng

JX3JU0D SSAUISN] dUYI(]

uondinsa(y |

pejauy nduy |

peyoyy mdingQ |

JseL

127



3.9. Process Model

3.9.5. Activity: Create Requirements Specifiation

Table 3.3 on page 129 illustrates the tasks for creating the requirements specifica-
tion. Same as done with the tasks concerning the business specification, we do not
define any order for performing the tasks.

However, the first depicted task is the one that concerns the definition of the sys-
tem vision. The system vision can be defined when the business specification has
a sufficient degree of completion, i.e. the business tasks are (initially) elaborated.
These business tasks serve as an input for defining the scope of the envisioned sys-
tem. When the system vision is defined the content is elaborated for each of the
business domains. This especially includes information system requirements. This
elaboration is gained by the performing for example workshops for the stakehold-
ers that relate to the corresponding business domain (see also Sect. 3.9.2). Within
these workshops, requirements are

1. elicited (harvested). Appendix A.3 introduces for this purpose a template
that facilitates the initial elaboration of requirements.

2. validated and refined

3. classified into corresponding types, respectively “transferred” in depen-
dency to their assertion into a proper shape that corresponds to the elements
of the concept model

In the primary scope are mostly interaction models, including use cases, generic
scenarios and corresponding actors (“what is done by whom?”) and finally infor-
mation system services. In dependency to those artefacts, the information system
objects can be identified and specified.

Finally, each requirement should underlie a validation ensuring a certain quality
(of the artefacts). During validation the requirements are checked for specific qual-
ity criteria and defects, such as checking them for (technical) feasibility (see also
[oEEE98]). This quality assurance is performed from a constructive view (when
creating the requirements specification) as we recorded that many quality assur-
ance tasks need an insight into the projects content that can not be gained when
checking a specification within a quality gate. An example would be to check
a sufficient correctness of requirements that often is not comprehensible to third
parties [SEH09]. For the same reasons, upcoming risks are also calculated during
this validation. Both aspects serve as a basis for (re-) adjusting the priority of the
requirements according to their risks and finally their potential costs (for imple-
mentation). Regarding the latter, it has to be clear that an exact cost calculation in
early stages is impossible, because the costs are influenced by too many (e.g. tech-
nological) factors. Still, an approximation based on function points, respectively
use case points, is possible (and advisable) by referring to the use cases and the
generic scenarios.
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3.10. Role Model

3.10. Role Model

We distinguish within the role model between primary roles with certain respon-
sibilities on selected artefact types and indirectly participating roles.

3.10.1. Primary Roles

During business information systems’ analysis we define two primary roles: The
business analyst and the requirements engineer. Although we focus on roles that take
the responsibility for chosen artefacts, further team members can be included into
the roles model such as by distinguishing between a chief business analyst and
further business analysts.

Business Analyst. The business analyst is characterised by a particular domain
knowledge concerning of selected (industrial) customer domains like the financial
sector or insurance and resulting business process structures within such domains.
He has the responsibility on the creation and maintenance of the business specifica-
tion and is for the customer the primary contact for any discussions and decisions
regarding the content of the specification. The business analyst is the key roles
concerning internals of a customer’s organisation and the business.

Requirements Engineer. The requirements engineer is characterised by aligning
the business needs with the needs towards underlying IT systems. The require-
ments engineer takes the responsibility on the creation and maintenance of the
requirements specification. The requirements engineer needs a special considera-
tion, because this role builds the bridge between business analysts, system archi-
tects, project managers and any further roles that indirectly participate in the pro-
cess in terms of being a target group of the requirements specification. He takes
furthermore the responsibility for the fulfilment of the requirements and thereby
the traceability matrix.

3.10.2. Indirectly Participating Roles

There exist additional roles like the test manager or risk manager. However, we
do not define these roles within the role model, because these roles have to be
provided by the process model into which the introduced core model is integrated
(at the organisational level, see also the next chapter).

To give a brief overview, further roles that indirectly participate in the process can
be:

e System architect, possibly separating the role of the architect according to the
architectural layers (the logical and the technical one)

e Project leader and project manager concerning the overall project execution
(also including release planning activities) and contract management and
taking the responsibility for the like

e Risk manager concerning the analysis and the mitigation of any kind of risk
factors

e Quality manager concerning the control of inspections, reviews of defined
specifications (as part of quality gates) and further artefacts that need quality
assurance

e Test manager that is defined in addition to the quality manager concerning
the planing, definition and execution of test cases
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3. Artefact-Based Core Model for Business Information Systems’ Analysis

Roles like the introduced ones make use of the contents of the business specifi-
cation and / or the requirements specification, as they need selected artefacts for
the elaboration of the artefacts they take the responsibility for. For instance, the
risk manager uses the requirements risk status report as an entry point into the
risk factors that arise from the requirements specification. Further information can
be taken from Sect. 3.8 that shows what artefacts serve as an interface into the
development life cycle.
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4. Customisation and Integration Approach

We describe in this chapter the customisation and integration approach. It cus-
tomises the artefact-based approach of chapter 3 to:

1. Organisational environments concerning a process integration into environ-
ments of individual organisations.

2. Project environments concerning the adaptation of BISA efforts according to
individual project parameters in order to enable a custom project execution,
i.e. a balanced problem orientation as introductory described in chapter 1.

In section 4.1 we introduce first the different stages of customisation. We define
afterwards for each of the stages the principles and basic mechanisms. We show
furthermore how individual best-practices of particular companies can be inte-
grated.

In particular, we define in Sect. 4.2 the mechanism for the first customisation stage.
In Sect. 4.3 we introduce the customisation to project environments. The process
integration into a process framework (the first customisation stage) is illustrated
at the example of the V-Modell XT. The V-Modell XT (short: V-Modell) is a devel-
opment process model, which is based on a meta model focussing on artefact-
orientation. It is a process framework that supports variability in many areas.
It’s concrete reference implementation is the standard development process for
IT-projects within the German government [FHKSO08].

Contents
4.1. Stages of Customisation . ...................... 134
4.2. Organisation-specific Implementation . . . .. .......... 135
4.3. Customisation to Project Environments . . ... ......... 140
4.4. Integration by Example: V-Modell XTBISA . . ......... 153
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4.1. Stages of Customisation

4.1. Stages of Customisation

There exist several understandings of the term customisation, mostly depending on
the research area in which the term is used. Heavily used terms are also tailoring
and pruning concerning for example the deletion of specific pieces of a model in
order to adapt it towards particular needs of for example a project. An overview
of different terms and corresponding approaches in which these terms are used is
given in Chp. 1.3.

What terms exactly are used strongly depends on the concern of customisation.
Some approaches consider the customisation in the sense of process integration,
other approaches in the sense of customisation before or during the execution of
a project. In any case they consider the customisation of a model according to
individual needs in terms of modifying it, creating and / or deleting parts of it,
why we explicitly use the term customisation (instead of e.g. tailoring).

This customisation is performed over several stages [KHO8], each of the stages
reflecting different abstractions of customisation. Figure 4.1 gives an overview.

Multi-Staged Customisation Approach

Organsation-
specific
Process

Model

Stage 1: Organisation-specific Implementation
Definition, Adaptation and Maintenance of Core Model

¥

Customisation to Project Environments

(Planned)
Project-
specific
Process

Stage 2: Initial Project Set-Up
Preliminary Structural Customisation and Preparation

¢

Stage 3: Project-specific BISA Execution Strategy
Continuous Reflection on Project Parameter and Decision
Taking during Project Execution

Project
Execution

{ !

O~
O

Figure 4.1.: Overview on Different Stages of Customisation

We distinguish in general between organisation-specific implementation (described in
Sect. 4.2) and customisation to project environments (described in Sect. 4.3). The first
considers the (process) integration of the artefact-based core model into organisa-
tional environments. The second considers the inference of a project-specific BISA
process being conformant to the reference model that is introduced the chapter
before. Regarding the customisation to project environments we distinguish be-
tween the set-up of a process frame before the execution of the process and the
fine-grained decision taking within the process frame during the execution of the
process!:
e Initial project set-up describes the preparation of the core model according
global parameters that are known from the beginning of a project. The ap-
proach at this stage affects the milestones, the creation of the specifications

1 Both stages are often referred to as static or structural tailoring and dynamic or content tailoring.
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4. Customisation and Integration Approach

structure and the roles. Hence, it defines the frame for the process model at
the project level.

e Project-specific BISA execution strategy describes during the project the contin-
uous reflection on project parameters and a systematic decision taking within
the pre-defined process frame towards the necessary and possible degree of
problem-orientation.

In the following, the different stages are defined in detail.

4.2. Organisation-specific Implementation

The approach aims at the systematic integration of the core model into existing
process models of a particular organisation and the definition of methods that
are chosen according to an individual organisational culture. After the integra-
tion of the core model, it serves as an integrated reference approach for individual
projects.

The organisation-specific implementation, however, is an essential step that is per-
formed once before applying the core model at project level. Otherwise, the in-
terdependencies of the BISA approach to further development and management
activities of the envisioned organisation would for example not be clear, affecting
negatively a continuous and efficient process.

We first give an overview on the approach and define afterwards the steps to be
performed. Wherever reasonable we already refer to the V-Modell since this frame-
work will be used in Sect. 4.4 as the exemplary reference model for the process
integration. An introduction into the V-Modell and its meta model is given in ap-
pendix B.

4.2.1. Approach Overview

The integration is performed over three basic steps. Figure 4.2 depicts the approach
that consists of:

1. An analysis of existing process models of an organisation (including content
and structure) and contemporary needs as a preparation for the integration.

2. The customisation of an excerpt of the process model, i.e. the modification
and extension of the model according to the artefact-based core model.

3. The integration of the modified process model into the organisation for fur-
ther usage at the project level.

4.2.2. Analysis of the Process Model and Needs

Before implementing the approach for BISA into a process model, an analysis of
this process model has to be performed. The purpose of conducting such an anal-
ysis is to investigate the possibility, but also the necessity of implementing a new
approach into a particular organisation. On the one hand, this includes the investi-
gation of contemporary needs in terms of costs and benefits respecting early stages
of development. On the other hand, the analysis includes the preparation of the
integration itself, for instance by determining the strategy for integrating the core
model into the organisation.

In any case, the analysis is mostly performed as an own project. It is conducted
over four steps, including:

1. An analysis of the process model at the organisational levels
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Organisation-specific Implementation
Definition, Adaptation and Integration of Core Model for BISA

Analyse Process Model Customise Integrate customised
and Needs Process Model for BISA Process Model

Core Model
for BISA

Process
Model

Figure 4.2.: Overview on Organisation-specific Customisation

2. An analysis of the process model at the project level
3. An analysis of the contemporary needs
4. A proposal of an integration strategy

4.2.2.1. Analysis of Process Models at Organisational Level

The first step is performed by analysing the description of the processes and the
methods at an organisational level (question: “How is the process defined?”). The
study objects are in particular descriptions of reference processes, existing refer-
ence role models, artefact models and finally material of (internal) training courses.
Most organisations define their processes as part of guidelines or standard oper-
ating procedures that adapt existing approaches like the RUP to internal needs.
The most important prerequisite for the integration is that the process model of
the organisation exhibits a modular structure that allows the modification of cho-
sen parts such as by separating roles and artefacts from processes. Obviously, the
model should be based on a meta model or at least one should be able to derive a
meta model from the process descriptions (as it is the case for RUP).

V-Modell XT as a Process Framework

For the integration we use a standard V-Modell as basis. Using the newly intro-
duced variability concepts we provide an extension model, which contains the
demanded modular structure. Furthermore, the V-Modell offers variability opera-
tions? to customise the reference model.

4.2.2.2. Analysis of Process Models at Project Level

This step aims at understanding how the process is documented and lived in
projects (question: “How is the process performed within projects?”). This in-
vestigation supports

e discovering mismatches between the reference process of the organisation
and the needs of individual projects.

e gathering typical project parameter that reason the mismatches between the
reference process and the individual project execution, i.e. parameters that

2 In addition to the standard V-Modell XT we use an extended meta-model that contains a richer set of
variability operations. Itis a superset of the standard meta-model an includes all standard operations.
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4. Customisation and Integration Approach

affect the ability and necessity of elaborating specific artefacts according to
the existing reference process (see also Sect. 4.3).

e understanding the culture of organisations reflected by used (preferred)
methods at the project level for producing selected artefacts.

The analysis can be performed by content analyses of produced specification docu-
ments and structured interviews. The specifications can be analysed by comparing
the produced content with the artefact model (see the fore going chapter).

This comparison supports the detection of missing artefacts what in turn serves as
a basis for structuring the interviews with corresponding (chosen) project partici-
pants in which one can distil initial project parameters. Research questions that can
guide this analysis step are “to what extent are artefacts documented?” (achieved
by the content analysis), followed by the question “what project parameters take
effect on the elaboration of the artefacts?” (achieved by the structured interviews).

4.2.2.3. Analysis of Contemporary Needs

An investigation determines in terms of business cases if the integration makes
sense at all and in case what details are important regarding the integration (ques-
tion: “What are the costs and the benefits of the defined process?”). A way of
analysing costs and benefits could be to compare projects that performed a kind of
requirements engineering (representing projects in favour of an integration) with
projects that performed a purely solution-oriented process (representing projects
being not in favour). Indicators for this comparison can for example be the process
costs calculated using activity-based costing. In addition to the process costs, fur-
ther indicators should be taken into account that give hints on the total economic
effects of those efforts, i.e. that show if the efforts paid off.

4.2.2.4. Proposal and Approval of an Integration Strategy

The last step of the analysis should be to present the results to the participants of
the analysis and to clear open issues in a discussion (question: “Shall the exist-
ing process model be extended and integrated for BISA and if yes, how?”). This
presentation should also include a proposal of an integration strategy that defines
how to integrate the artefact-based core model for business information systems’
analysis (see also the last step of the organisation-specific implementation in Sect.
4.2.4).

4.2.3. Customisation of the Process Model for BISA

Once, the customisation of the process model at organisational level has been ap-
proved, it has to be performed. This customisation includes the modification and
/ or the extension of existing parts of the process model. In order to perform this
customisation, a clear excerpt of the process model has to be defined.

4.2.3.1. Definition of an Excerpt of the Process Model to be Customised

The results of the analysis of the projects at the project level (see the section before)
support the identification of typical scenarios. These scenarios reflect performed
projects including the definition of milestones, the production of artefacts and the
use of particular methods. These project scenarios should in general aim at a (re-)
design of a business process landscape and / or a RE as part of a development of
custom software.
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4.2. Organisation-specific Implementation

V-Modell XT: Process and Tailoring Model

The V-Modell offers two basic concepts that enable the definition of (concrete)
project scenarios: The process model and the tailoring model.

Process Model. Via the assignment of single work products to decision gates,
the product model couples work products to process steps. Decision gates are the
interface for the connection of the static work products and the dynamic process.

To embed the decision gates into the process it is required eiter to use a decision
gate type already referred in an existing procedure module or to create a new pro-
cedure module which refers to a new or existing decision gate type.

As described, for the mapping of BISA it is necessary to define the possible areas
of application first. After this it can be decided which existing processes might be
suitable and which new processes have to be created. If existing process match the
requirements, no new procedure modules have to be created — only the new work
products have to be assigned to existing decision gates. As a consequence, they
are automatically embedded in the process. If there are new processes identified,
new procedure modules have to be designed. In that case, the customisation of the
tailoring-profile of the V-Modell has to respect the new process modules as well.

As BISA only defines some abstract process elements, given process elements of
the V-Modell are reused as far as possible. Only the project stage of creating the
Business Specification is more compex than the comparrable stage in the standard.
Hence, the corresponding procedure module has to be created new.

Tailoring Model. As mentioned above, an analysis of the possible areas of inte-
gration must be performed to identify suitable integration scenarios. The analysis
states: BISA can be applied in projects of type System Development (Customer) and
System Development (Customer/Supplier). Hence, new process modules and new
procedure modules have to be considered and the project types (an comprised
type variants) have to customised.

So the V-Modell with BISA extension will support System Development (Customer)
and System Development (Customer/Supplier). Furthermore, the BISA model will
avoid process contents, which have no direct association to software development.
While customising the project types, all elements not defined as elementary for
BISA will be scrachted from the BISA extension.

4.2.3.2. Customisation of the Process Model

The identified excerpt of the process model is extended (or modified) by:

1. extending the result structure according to the artefact model of Sect. 3.3.

2. adapting the roles according to the role model of Sect. 3.10 (by defining new
ones or by extending abilities and responsibilities of existing roles).

3. extending the process model including the definition of a phase, activities
and milestones.

4. defining methods in terms of selecting the preferred syntax and task descrip-
tions gathered from the fore going analysis of different projects as a default
recommendation for projects.

5. re-setting connectors between the artefacts, the tasks, the milestones and fi-
nally the roles.

Regarding the extension of the result structure it is up to first modify the targeted
artefact structure (i.e. the chapters) and then integrate the concept model into the
product descriptions. In case of a process-based approach, the artefacts must be
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4. Customisation and Integration Approach

in a first step identified by the corresponding (producing) activities that are per-
formed within the defined scenarios.

When defining default methods (reflecting experiences at project levels of repre-
sentative team members), it has to be clear that the syntax choice for representing
one concept type takes strong effect on the possibilities of choosing the syntax for
further (directly relating) concept types. For this reason the syntactic consistency
of the overall artefact model has to be manually checked on the basis of exemplar-
ily described specification documents.

Finally, when re-setting the connectors, the establishment of the associations af-
fects also the associations between the BISA artefacts and further activities of the
development life cycle that are related to the artefacts (going beyond the excerpt of
the project scenario). For instance, by taking into account the relations of concept
types and content items to the area of the logical and technical architecture design
that makes use of information system requirements. Or by taking into account to
project management activities that make use of the system vision for performing
cost estimations . Section 3.8 defines the relevant artefacts that have to be taken
into account as potential interfaces to the surrounding development life cycle.

V-Modell XT: Associations to Management Issues

The extension of the concrete process model of the V-Modell is not stand-alone but
needs an integration into chosen contents that are related to (project) management.
The management is relevant since it builds the frame for all contents of the process
including work products of decision gates.

Management in the V-Modell XT. The management capabilities of the V-Modell
is one of its most important strenghts. It defines a variety of work products for
project management, including several sub-disciplines such as configuration man-
agement, change management or risk management. Furthermore, all management
artefacts are embedded into the process (organisation) with links to decision gates.
They are also tightly integrated into the product dependency network.

The assignments and dependencies guarantee that management is seamless organ-
ised. The integration of BISA has to extend given concepts.

Management Artefacts. On top of the work product structures, some manage-
ment processes are also defined respecting the special needs of the artefact-based
approach. So, artefact-based controlling is established in a V-Modell project using
state machines. For each work product a state is taken and traced over its whole
life cycle. The state machine includes quality assurance (self tests and indepen-
dant quality assurance). The V-Modell requires all work products neccessary for
a particular decision gate to be in a finished state. This means that the considered
work products have to be passed by quality assurance measures. In addition, all
finished and dependant work products have to be consistent to each other.

Integration BISA artefacts into the V-Modell-structure also requires to adapt the
management philosophy of the V-Modell. State machines have to be introduced
and dependencies have to be established.

4.2.4. Integration of the Customised Process Model

There basically exist two ways of integrating the customised process model into
the organisation:

1. By a “Big Bang Integration” that announces the new approach and enforces
its immediate use within the organisation
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Figure 4.3.: Work Products from Management (Overview)

2. By a step-wise integration with a pilot phase

The step-wise integration is elaborate but supports the acceptance of using the
process at the project level. In parallel, the process should be piloted at chosen
projects (by actively guiding this pilot). This supports the detection of remaining
deficiencies regarding the needs of individual projects. After integrating the feed-
back of the projects into the process and internally publishing the experiences, the
process should be integrated. This integration includes the training of the content
in courses and finally an update of the organisational process definitions (guide-
lines, standard operating procedures, ...) declaring the use of the new process as
obligatory.

4.3. Customisation to Project Environments

Once the artefact-based core model is integrated into an organisational environ-
ment it has to be customised for each project. This customisation concerns the
systematic decision taking during set-up and execution of an integrated process
achieving individual project needs. The customisation approach efficiently incor-
porates individual experiences, needs and best practices into the process and aims
at:

1. systematically guiding through the elaboration of the project-specific arte-
fact model respecting decisions towards the necessary and possible degree
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of solution orientation (see also Sect. 3.2.3.3).

2. ensuring during customisation (independent of taken decisions) traceable re-
sults and thereby continuity within the process chain (i.e. conformance of the
models being produced to the referenced artefact model).

3. reflecting the experiences of team members and the culture of an organisa-
tion giving the necessary degree of freedom for making decisions.

4. achieving transparency within a repeatable BISA process, i.e. by achiev-
ing reproducible decisions and finally reproducible specification documents
since the made decisions and their outcome (the documents) have to be com-
prehensible to external parties (as found in quality assurance activities).

4.3.1. Overview of the Approach

As introductory described, the customisation to project environments is performed
over two stages. The first stage addresses the preparation of the business informa-
tion systems’ analysis, the second one the execution. Both stages are performed
in dependency to project parameters reflecting with their values individual project
characteristics. Obviously, these project characteristics that steer the process are
based on experiences of an organisation respecting different project types.

We make for this reason use of a project characterisation into project types and
a performance of a project, both according to experiences that are reflected by a
knowledge repository.

Figure 4.4 gives a summarised view onto the approach.
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Figure 4.4.: Overview of the Customisation to Project Environments

The left side of the figure depicts the two stages of the approach:
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1. The Initial Project Set-Up, defined in detail in Sect. 4.3.2, considers the prepa-

ration of a process frame (process structure) by defining for example mile-
stones and the initial structure of the artefacts.

The Project-Specific BISA Execution Strategy, defined in detail in Sect. 4.3.3, sys-
tematically supports then the step-by-step construction of the process within
the given process frame. It defines how (and if) to construct the content of
single artefacts. It supports the decision on whether to perform a solution-
oriented or a problem-oriented process.

Both stages are performed according to selected project parameters that charac-
terise a project. Figure 4.5 depicts on the left side elements of a projects and its
characteristics. The right side of the figure illustrates an abstract view on the ele-
ments of artefact-orientation. In-between both the connection is given via impacts
and impact scales of the parameters onto the elements of the development process.

Project Type

+Project Parameter 1.* Impact Scale

1.%

|
s — has B> !
roject Characteristic Impact ! Element of the
Project Parameter |[1..* 1.* Development
Process

Figure 4.5.: Project Parameters characterising a Project

More concrete, we see:

e A project type being characterised by a set of project parameters (with con-

crete values).

Project parameter as assessable circumstances of a project (like the availabil-
ity of end users).

The impact of a parameter defining what elements of the development pro-
cess are affected (like the availability of end users impacting the definition of
a use cases model, or information system service model, ...).

An impact scale showing how the project parameter take effect (like affecting
the ability to act and the need for action when producing above mentioned
contents).

Affected elements of the (artefact-based) development process including
roles, milestones, activities and tasks, the artefacts’ structure and finally the
artefacts’ content

A concrete project (of a specific type) is therefore characterised by the overall pro-
cess and its results in relation to specific project characteristics, i.e. a set of project
parameters and their impacts.

Hint: /ndividual Aspects regarding Project Characterisation
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The project parameters and their impact are valid for all situations, independent of the
organisation in which the projects are performed. Instead, the impact scales incorpo-
rate individual experiences and practices of single organisations. Similarly, how the
project types are defined depends on individual aspects of a particular organisation
and the used process framework since there is no common understanding on what
exact project parameters belong to a specific project type. Large-scale projects can
be characterised by several project parameters like functional complexity, team sizes
or efforts in man months. Some process frameworks might define distributed devel-
opment projects as a specific type, others might define the project types according to
possible process models (like agile development projects).
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Hence, for customising the artefact-based approach at the project level, the ap-
proach supports the decisions to be made by defining what project parameters
take effect onto the process elements, the roles, the artefacts” structure and finally
during the second stage onto the elaboration of the artefacts” content. How the
effect is to be handled, i.e. what decisions to take, reflects best practices in terms of
experiences made within other projects of the same organisation. For this reason
we make use of a project repository, as illustrated on the right side of Fig. 4.4. Each
project documents and validates individual experiences within a proposed BISA
Diary including what decisions have been taken according to selected parameters.
The projects persist then in the repository their experiences (reflected by the di-
ary) for further use in other projects that exhibit same characteristics, similarly as
known from decision support systems.

Note that an initial set of (individual) project parameters needed for setting up the
repository is given from the analysis of existing projects as described in Sect. 4.2.2.

We subsequently give a short overview on the two stages, before illustrating a
possible structure of the BISA diary.

Initial Project Set-Up. The stage concerning the project set-up initially charac-
terises the project and aims at:

1. the definition of the overall project scope
2. the structural preparation of the BISA approach for the project execution

The main input for this stage are given documents such as such as bidding docu-
ments of customers.

Based on this input and after defining the project scope (after initially preparing the
business vision, respectively the system vision) we define the process frame. This
includes the preliminary definition of the initial structure of the artefact types to be
delivered and eventually the exclusion of chosen content items, i.e. the preparation
of the documents and their chapters. The initial content is defined by classifying
the content of given documents (requirements specifications, business process de-
scriptions, etc.) and allocating it to the content items respecting the definition of
the concept model. Finally, the roles are allocated to chosen team members and the
milestones are defined.

Project-Specific BISA Execution Strategy. The stage concerning the BISA execu-
tion strategy guides then according to individual project parameters through the
elaboration of the artefacts’ contents. The approach shows what project parameters
take effect onto the need for action and the ability to act respecting the definition of
the artefact’s content rather then dictating a strict process (a process is implicated
since the tasks are coupled to envisioned content items).

As many project parameters arise from customers’” domains and vary from busi-
ness domain to business domain, the approach differentiates between decision on
if to specify the content in full or if to leave certain aspects underspecified for each
business domain. The approach supports in other words the necessary and pos-
sible intensity of BISA by guiding through the decisions if to perform a problem-
oriented approach or not, specifically for chosen artefacts’ contents that are related
to the single business domains.

For this purpose, the approach defines concrete stages of decisions according to the
artefact abstraction model (see also Sect. 3.2.3.3). For each stage we allocate project
parameters to specific artefacts, respectively content items. The repository shows
what decisions have been taken in other projects. For instance, if one project faces
the situation that the end users are not available within the business processes of
one particular business domain, the customisation approach gives support as it
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shows if other projects left in same or similar situations the use case model under-
specified and what consequences other projects had to face.

BISA Diary

The BISA diary encompasses all the experiences made during the business infor-
mation systems’ analysis of a particular project. It aims at transparently document-
ing project characteristics and the corresponding decisions that have been made
and serves finally for following projects as a basis for comparing characteristics
and for making own decisions.

The diary, however, should be structured in a sense that allows to persist the con-
tent of the diary after the project execution within the project repository.

Figure 4.6 depicts an overview on the possible structure of the diary. According
to the stages of customising BISA efforts to project environments, we distinguish
within the diary between two major content items:

1. the project setting that is mostly defined during initial set-up of the project
according to project characteristics that take a comprehensive impact onto
the overall project (see Sect. 4.3.2).

2. the project-specific BISA execution strategy that continuously captures the de-
cisions that are made during project execution and that are rationale for the
production of specific contents (see Sect. 4.3.3).

BISA Diary
Project Setting Proj pecific BISA E: tion Strategy
5 General Content Decisions
Project Background [Artefact.Content]
Project Name [Characteristic]
n [Decision]
| Project Type | | Customer | [Rating]
| Project Scope | | Objectives |
Domain-specific Decisions
e [Fae Business Domain 1 [Artefact.Content]
[Characteristic]
| Process Model | | Roles | [Decision]
[Rating]
Deliverables
Business Domain ... |
Soft Facts |
Business Domain N | | |

Figure 4.6.: BISA Diary

Project Setting. The project setting characterises the project mostly during ini-
tial project set-up according to three aspects: The project background, the chosen
process frame and further soft facts.

The project background gives information about the customer, his objectives (re-
spectively business goals) and the project scope. Furthermore, it defines the project
type that is chosen according to a set of parameters like “consultancy project” (see
the section before).

The process frame defines the roles allocated to concrete team members, the pro-
cess model including activities, milestones and their relation and finally the deliv-
erables. The latter describes the artefact types and their structure to be delivered.
For instance, if performing a development project without the need of a business
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specification and in addition agreeing on a lightweight specification, the deliver-
able could exclusively describe the resulting structure of the requirements specifi-
cation.

Finally, the soft facts define parameters that have a comprehensive impact onto the
project as a whole. They cannot be allocated to e.g. concrete artefacts but still are
remarkable occurrences and experiences that additionally characterise a project®.
Examples can be:

Resources (budget, technical infrastructure, .. .)
Motivation and experiences of team members
Relation to external suppliers

Experiences with stakeholders.

Project-Specific BISA Execution Strategy. The project-specific BISA execution
strategy characterises the project according to the results being produced as an out-
come of continuously customising the content of the artefacts according to project
parameters that arise during project execution. It describes the decided degree
of solution-orientation and the reasons for the decisions. We distinguish between
decisions that can be allocated to chosen business domains of a customer’s organ-
isation and general decisions. For each decision, the diary includes

1. The affected artefact

2. The project characteristic (the parameter and the concrete value)

3. The decision that has been taken according to the characteristic

4. A rating of the decisions, i.e. the consequences that single decisions took*

For instance, within the entry “Business Domain Sales”, one documented decision
could be not to document use cases for the business tasks of the business domain
because the user groups were not available for any discussion. An example for an
entry within the general (domain-unspecific) content decisions could be to docu-
ment a high variability of system quality requirements, because of a missing qual-
ity consciousness of the stakeholders.

4.3.2. Approach for Initial Project Set-Up

In the following we give an overview of the approach for initially setting up a
project. Figure 4.7 depicts the main steps to be performed when setting up the
project.

Based on given documents, the project background is elaborated. In a second step,
the process frame is defined in which the second stage of customisation constructs
the artefacts contents (see Sect. 4.3.3). Each decision that is taken within the set-
up of a project must be performed in close collaboration with project management
since the decisions take effect on the overall project execution.

4.3.2.1. Elaborate Project Background and Initial Documents

Based on initially given documents the project background is elaborated. Exem-
plary documents can be:

e Bidding documents and acquisition material including for example project
proposals, initial sets of requirements, constraints towards the process model,
coarse (planned) time constraints or release strategies

¢ Existing (frame) contracts if the project is a followup project

3 Soft facts are described for example within the V-Modell as part of the “project diary”.
4 The rating of the consequences can only be performed after a project execution. See also Sect. 4.3.3
introducing the approach.
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Figure 4.7.: Overview on Initial Project Set-Up

e Requirements specifications, system specifications and test cases

e System-specific guidelines and manuals of fore going (system) maintenance
phases

¢ Organisation-specifif guidelines, policies or standard procedures

Based on these and further information that are known from the beginning, such as
the stages of a bidding procedure and existing project requirements, the content is
prepared and the background information are documented within the BISA diary.

4.3.2.2. Define Process Frame

In dependency to the project scope and the customer-side bidding procedure, dif-
ferent activities can be assigned. Thus, a project can have many facets and:

e aim at the exclusive elaboration of the business specification, e.g. as part of a
consultancy project including (re-) design of the business processes

e aim at the exclusive elaboration of the requirements specification

e aim at both the elaboration of the business and of the requirements specifica-
tion including (optionally) subsequent system specification(s), ...

Independent of the affected excerpt of the artefact model to be produced, the
artefact-based core model (artefact model, role model, process model) is prelim-
inary instantiated at the basis of the scope. Figure 4.7 depicts for this purpose on
the right side the steps to be performed, including the:

assignment of the roles.

definition of the artefacts’ structure.
definition of the initial artefacts’ content.
set-up of the tool infrastructure

definition of the activities and the milestones.

AR e

Hint: Definition of the Process Frame in Comparison to other Approaches
Two particular approaches that include in this context the customisation of the pro-
duced artefacts are the V-Modell and the Requirements Abstraction Model (RAM) [GWO06].
The V-Modell addresses with the term (static) tailoring the definition of roles, artefact
structures and milestones, all steps being tool supported (see also Sect. B.3). RAM,
however, describes although being independent of any domain-specific artefact mod-
els the elaboration of initial contents at the basis of given inputs.
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4.3.2.2.1 Assign Roles

The roles are defined by assigning individual team members of the project to a
predefined set of roles. The assignment is performed according to the responsibil-
ities of the roles. All the roles within a project (beyond the primary ones presented
in Sect. 3.10) should be included and each team member should be assigned to a
role. Note that it is possible to assign the same team member to same roles, like to
the roles business analyst and requirements engineer. A possible project characteris-
tic implying such an assignment is given by the project complexity. For instance,
a small team size aiming at a development project with a low duration, without
an explicit need of a detailed business specifications could imply to assign same
person to mentioned roles.

4.3.2.2.2 Define Artefacts’ Structure

The artefact structure is initially customised according to the project scope, the
project type and further organisational requirements (see also Sect. 3.5.5). An ex-
ample for the latter could be the constraint to use the (document) structure pro-
posed by the IEEE Std. 830-1998 [oEEE98].

The customisation of the artefact structure, however, includes:

1. The identification and creation of the necessary artefact types (for example
the requirements specification).

2. The (optional) trimming of specific content items of each artefact type, i.e.
the deletion of content items that shall not be elaborated at all.

3. The instantiation of the necessary amount of artefacts of a specific type (e.g.
two requirements specifications for two systems under consideration).

4. The definition of the order of the content items, i.e. the structure of each
specification document and their chapters.

The first step consists in identifying the artefact types as the main deliverables to
be produced for an acceptance. The artefacts are then initially created (see also the
status model in Chp. 3.3.2).

For each of the chosen artefact types, the content items can be trimmed according
to corresponding sets project parameters. Since every content item has its purpose
and value, we do not consider any of the items as optional or mandatory. Hence,
each eliminated content item implies a risk to the project why trimming should
be performed carefully according to pre-defined patterns (see example 4.1). Note
that during the project-specific BISA execution strategy, specific content items are
also affected in terms of not being produced due to project parameters that are
not known at the beginning. The trimming during set-up concerns a planned and
especially approved elimination of chosen content items.

However, the next step includes the instantiation of the necessary amount of arte-
facts of a type. While the business specification includes the descrption of the
overall business processes and business services that are in scope of a project, the
requirements specification describes the demands towards single systems. Con-
sequently, if facing a project that includes requirements towards more than one
information system, one possibility could be to define several requirements speci-
fications (one for each system?). In this case, one requirements specification should
include the requirements that have more organisational nature like organisational
requirements and integrational ones. Besides this “master specification”, further
specifications should include the description of the requirements for each of the en-

51t could also be possible to define all requirements within one specification, but depending on the
complexity, respectively amount of requirements, and over and above all on how the acceptance of
the artefact types is planned this structure is in most cases unmanageable.
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visioned information system, i.e. a system vision and a set of information system

requirements.

Finally, the last step within the definition of the artefact structure includes the ar-
rangement of the order of the content items, this means the order of the chapters.
Appendix A.1 depicts possible ways of structuring the business specification and

the requirements specification.

Example 4.1. Exemplarily Trimmed Content Items

An example could be to pre-select subsequently depicted content items of the re-
quirements specification according to a possible project type “lightweight develop-

ment project” that includes project parameters (and values), like

o Team size < 10 team members

No external suppliers involved into business BISA and into acceptance tests

Degree of distribution: none, team members situated at customer’s company

o High degree of communication within team and to customer including
scheduled jour fixes
Requirements Specification
System Vision
Summary of Business Business Business
Business Specification | Restrictions Goals Roles
Overview Overview Overview
Information Business Business Business
Objects Domains Process Service
Overview Overview || Overview || Overview
Scope of the System Overview
Information System Thformaton
under Consideration | External Use Case s Ot atio Features
Systems Overview ystem
Service
Overview
Information System Requirements
Domain-specific Application Capabilities Actors
Use Case Information System -
Model Service Model Generic
Scenarios
) ) Information
Functional Requirements System
Objects
System Quality Requirements
Architectural Logical Technical
Constraints Restrictions Restrictions
Requirements Integrational Organisational Glossary
Risk Status Requirements Requirements
Report
Deployment Obligations
Requirements
Migration Project
Requirements Requirements
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4.3.2.2.3 Define Initial Artefacts’ Content

Once, the artefact structure is defined, each statement within initially given docu-
ments has to be classified according to its assertion into specific concept types and
finally arranged according to the chosen artefact structure. This step initially pre-
pares the content of the documents for systematically identifying during project
execution further needs for action.

This step includes also the initial definition of the visions” content, i.e. the busi-
ness vision or the system vision. If the business specification does not have to be
elaborated, the necessary content (business tasks, business roles, ...) has to be
at least sketched within the system vision of the requirements specification (see
Sect. 3.5.2.1).

4.3.2.2.4 Set-Up Tool Support

The choice of requirements management (RM) tools strongly depends on aspects
like the (expected) amount of requirements, the project duration, and the need of
a change management implicating the need of traceability and impact analyses.
The more complex the BISA process is expected to be, the more important are the
use of RM tools instead of e.g. light-weight document structures like spreadsheets.
Often the RM tools are also proposed by customers or involved external parties.
However, if using a RM tool, important steps are:

e to ensure the connectivity to the tool being used for design activities since
this fundamentally enables traceability.

e to ensure that the used tool(s) ensure during usage the conformance of the
models being produced to the concept model.

Because most RM tools are based on a customisable data model, this data model
should be adapted to the structure and the content of the concept model defined
in appendix AD2°

4.3.2.2.5 Set Activities and Milestones

The final step aims at the definition of activities and milestones. Since the approach
is process-agnostig (having no pre-defined activity flow) and the described activi-
ties and tasks are coupled to the artefacts, this customisation step concentrates on
the definition of milestones. This is done by defining concrete orders and dates
for reaching the milestones as an outcome of concrete constraints that arise e.g.
from the setting of the bidding procedure. Further going information can be taken
from Sect. 3.9.3 introducing the milestones and their possible orders regarding for
example waterfall models. Once, the milestones are defined the artefacts are elab-
orated by using the methods that are coupled to the remaining artefacts (see also
the next section).

4.3.3. Approach for Project-Specific BISA Execution Strategy

Once, the documents are initially prepared and the process frame is defined, it is
up to
e identify further needs for action and possibilities to act regarding underspec-
ified contents of the artefacts (see Sect. 3.2.3.3)

6 Additional aspects that should be taken into account when choosing a RM tool is the possibility of
customising completeness and consistency rules for ensuring the control of conformance and the
possibility of exporting documents from the models being produced.
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o take adequate decisions on if (and how) to construct missing contents accord-
ing to influencing project parameters and thereby deciding on the resulting
degree of solution-orientation

Compared to the customisation stage described the section before, the execu-
tion strategy describes decision taking according to occurrences that arise during
project execution and that affect the further elaboration of single contents (like the
reliability of the stakeholders). However, as the parameters and the decisions to
be taken affect the content of different business domains in a different manner, we
first give an overview on the decision stages, before describing the approach for
decision taking within the corresponding stages.

The subsequent sections are described based on the assumption that both artefact
types the business specification and the requirements specification are to be pro-
duced and no content has been trimmed during set-up.

4.3.3.1. Decision Stages

As already introduced in Sect. 3.9.2, we follow the principle that problem statement
and problem solving is an iterative approach while each iteration concerning the
elaboration of the artefacts’ content is performed according to the defined business
domains. Hence, the decisions to be performed for the elaboration of the contents
affects different business domains in a different manner. While the concepts for the
content of one business domain can be completely specified, same concepts can
remain in other business domains underspecified. Section 3.2.3.3 gives a definition
of the terms relating to underspecified artefacts and the effects on the degree of
solution-orientation.

However, according to the different levels of abstraction, we allocate the corre-
sponding stages for making decisions on whether to perform a continuous refine-
ment and / or completion of the corresponding concepts or if to leave the concepts
underspecified (incomplete).

Figure 4.8 illustrates this basic refinement path. It illustrates the introduced vertical
levels of abstraction and embeds exemplary concepts within each stage (without
defining any order for producing the concepts).

In general, the solution-oriented and the problem-oriented path is affected by two
essential parameters’ impact (scales) that can be formulated as:

1. “What hinders me on the completion and the further refinement of the con-
cepts describing workflow?”

2. “What forces me to complete and to further refine the concepts describing
workflow?”

The term “workflow” describes in this context the elaboration of the concepts that
represent the business process logic as well as the concepts that represent the usage
of single information systems by means of use cases and further implication of
information system'’s constraints (e.g. of functional requirements). In other words:
A solution-oriented description is driven by giving an abstract description of the
work that is carried out (using e.g. services) instead of defining behaviour with
detailed business task descriptions and use case models’.

Further concepts are obviously also affected in terms of remaining underspecified

since they are directly related to the behaviour description. For instance, the de-
scription of the information that is processes (messages described with business

7 It has to be clear that services, for example business services, can be decomposed to a detailed level
in which (atomic) services represent single steps that are performed and thereby can be seen also
as a workflow description. We represent, however, in the context of this report this refinement as a
workflow description with explicit concepts like business tasks and process steps.

150



4. Customisation and Integration Approach

Refinement Stages

Refinement Stages

Refinement Stages

Business

Services

System
Services

(of particular Business Domain)

Business
Processes

Business
Tasks

Process

Goals

Use Cases

Functional
Requirements

Business Process
Hierarchy

Business Process

Information IT-related i

Information System
Service Hierarchy

Information System's|
Constraints

Refinement Stages in Design

Components

0 Decision Stage

m Problem-oriented Path

Solution-oriented Path

Figure 4.8.: Decision Stages

Business
Specification

Requirements
Specification

objects, information objects, ...), participating roles (user groups, actors, ...) or
motivating goals. The latter is depicted as an example in Fig. 4.8 in addition to
the concepts mentioned above. Hence, a solution-oriented approach can take in-
fluence on the abstraction of not only functionality but also for example on the
abstraction of quality aspects as these can be described with IT-related goals (like
demanding maintainability) or with detailed quantified system quality require-
ments (see also Sect. 3.2.3.2 describing the principles for refining and decomposing

quality aspects).

Depending on the decisions that are taken, the degree of solution-orientation can
then be observed in the degree of completion of the overall concepts within the
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corresponding level of abstraction, even if focussing in Fig. 4.8 on behaviour de-
scriptions.

4.3.3.2. Approach for Customisation

As described in the fore going section, during the project execution the decisions
have to be taken for the elaboration of the content of each business domain accord-
ing to different levels of abstraction. Figure 4.9 sketches the resulting steps of the
approach.

Project-specific BISA Execution Strategy
Continuous reflection on project parameter and decision taking towards a balanced
problem-orientation

eflect on

Parameters and
Values

Decision

Stage Q

i
Project
Repository

ontenty
Items /
Concepts

=
gl :
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o] g S
218|5
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5|08 Justify Decision &
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BISA Validate after
I: Project Completion
ﬁ

Diary

Figure 4.9.: Overview on Execution Strategy

Based on the preliminary defined structure and content of the single artefacts, the
remaining underspecified content items, respectively underlying concepts, have
to be elaborated. During this elaboration, it is up to reflect on actual project pa-
rameters that take effect on the possibilities of constructing the remaining con-
tents, taking adequate decisions and thereby step-by-step constructing the pro-
cess. These steps, finally, define the possible and necessary degree of solution-
orientation within an individual project.

4.3.3.2.1 Reflect on Parameters and Values

For each concept that needs further “action” in terms of creating or completing it,
we reflect on the actual individual project situation. We reflect in particular on the
ability to act and on the need for action, i.e. identify the project parameters and their
values impacting on the envisioned concepts.
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4.3.3.2.2 Analyse Possibilities and Act

The possibilities of whether to elaborate the envisioned concept or not are anal-
ysed according to made experiences in other projects. Referring for this purpose
to the project repository, we check on same and similar parameters and values that
took effect on the elaboration of same concepts in other projects. This is done by
comparing the parameters and following the impact scales from the envisioned
concepts backwards to the decision that has been taken in further projects.

The own situation and the possible decision to be taken—if to elaborate the envi-
sioned concept or not—is analysed then according to the rating of the decisions in
other projects.

4.3.3.2.3 Justify Decisions and Document Rationale

After making the decision regarding the content it is documented as a rationale
within the BISA diary, in particular within the project-specific BISA execution strat-
egy. This fundamentally enables reproducible results.

4.3.3.2.4 Validate after Project Completion

For using the made experiences in further projects, it is essential to commit the
content of the BISA diary into the project repository. Before committing simply the
decisions that have been taken, these have to be validated by rating them and allo-
cating this rating to each decision. One possibility is to estimate the resulting costs.
For example by giving a low rating if the decision of leaving certain concept un-
derspecified resulted in a change request due to a missing or wrong requirement.

However, when committing the content of the BISA diary into the project reposi-
tory, existing entries can be extended with additional project parameters that have
not been taken into account yet or modified in their ratings (if the decisions re-
sulted in the own project in a different rating as the ones of other projects).

4.4. Integration by Example: V-Modell XT BISA

In this section we describe the integration of BISA using the V-Modell XT as pro-
cess model (framework). We discuss the integration approach by a short design
description of the V-Modell XT BISA.

4.4.1. Design of the Product Model

As shown in appendix B.1, work products are structered by topics. A top-level
BISA artefact is mapped to a work product. Comprised chapters (content items)
of an artefact are mapped to recursively structured topics and sub-topics of the
V-Modell.

Example 4.2. Mapping of BISA Artefacts to V-Modell Work Products

BISA defines the artefact Requirements Specification, which is mapped to the
work product Requirements Specification. Content items of the Requirements
Specification, e.g. the System Vision, are mapped to a topic that belongs to the
work product.
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The V-Modell requires a role to be responsible for a work product. BISA con-
tains some roles, which are either newly implemented or reused from the reference
model. For each work product, which is created from a BISA artefact, the necessary
role associations have to be established.

As BISA only defines an abstract process model, the V-Modell requires assign-
ments of work products to so-called decision gates. So for each work product that
is created from a BISA artefact, an assignment should be defined if the work prod-
uct is relevant for the determination of project progress or relevant for releasing a
following project stage.

Example 4.3. Mapping of Decision Gates

BISA defines the artefact Requirements Specification, which contains the re-
quirements neccessary to start an implementation. The requirements should have
been quality assured to release the implementation stage. So this work product has
to be finished to a decision gate, e.g. System specified.

The artefacts to be considered are the

e Business Specification
e Requirements Specification
e Traceability Matrix

We subsequently present the design of the corresponding work products derived
from the BISA artefacts. We first introduce the work product structure. Second, we
present the integration in the basic structures referring roles and decision gates to
complete the static process model parts.

4.4.1.1. Work Product Structure

For the design of the V-Modell work products we use the top-level view of BISA as
shown in Sect. 3.3. This view is used to construct the basic structure. Finer grained
structures are added in further incremental steps.

4.41.1.1 Business Specification

The Business Specification is disigned as a so-called intial work product type. Initial
in that case means, in each project one exemplar of this type has to be created. This
ensures that the Business Specification is always created.

The Business Specification work product is structured by the following topics:

Business Vision

Organisation Structure & Business Domains
Business Goals & Constraints

Business Capabilities

Business Information Model

Business Roles

Business Demands Analysis

Glossary

The Business Specification is designed as shown in Fig. 4.10. The responsible role
is the Business Analyst. The activity that creates the Business Specification is named
Create Business Specification. Following the philosophy of the V-Modell, only one
activity is assigned to a work product. More detailed definitions of tasks and meth-
ods are ommited at first.

154



4. Customisation and Integration Approach
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Figure 4.10.: Design of the Business Specification

The Business Specification is step-wise developed. To express this, two decision
gates are introduced:

e Business Vision accepted
e Business Specification completed

The first decision gate is optional; the second one mandantory (blocking). The se-
mantics is as follows: If the the Business Specification is developed, the topic Business
Vison can be indepentantly quality assured. The whole Business Specification has to
be finished by the decision gate Business Specification completed to release the next
project stages. At this point the Business Vision has also to be completed.

4.41.1.2 Requirements Specification

The Requirements Specification is also designed as work product type. It is struc-
tured by the following topics:

System Vision

Information System Requirements
Integrational Requirements
Organisational Requirements
Requirements Risk Status Report
Glossary

The Requirements Specification is designed as shown in Fig. 4.11.

Requirements Specification

- System Vision
- Information System...

: gﬁ;gﬁgﬁ;‘ﬁ,ﬁ;e&‘é; Create Requirements
- Requirements Risk ... Specification
- Glossary

Requirements
Engineer

.. Requirements
Sy:::ecrg \t/::;on Specification
P completed

Figure 4.11.: Design of the Requirements Specification
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The responsible role is the Requirements Engineer. The creation of the work product
is described by the activity Create Requirements Specification and can also be exam-
ined via two decision gates:

e System Vision accapted
e System Specification completed

Analogue to the Business Specification-related decision gates, the first decision gate
is optional for an additional quality assurance regarding the System Vision topic
of the Requirements Specification. The second decision gate requires a preliminary
finished exemplar of the Requirements Specification to release further project stages.

In contrast to the Business Specification, the Requirements Specification must scale for
different scenarios of application. If only the analysis and contracting is the scope
of the project (customer view), only the topics System Vision and Organisational
Requirements are under consideration. The other topics become relevant only if the
project contains development tasks. This is an important note as it influences the
model strucutre respecting the tailoring requirements (see Sect. 4.4.3).

4.4.1.2. Embedding Work Products

The newly introduced work products replace the work products from the standard
V-Modell. So they have to be embedded into the structures of the whole model to
ensure the consistency. In detail, the following integrational aspects have to be
considered:

e Some existing work products have to be removed — associations have to be
rebuilt to guarantee consistency.

e Generative work product dependencies have to be adjusted.

e Content-related work product dependencies have to be adjusted.

The Business Specification replaces® the Requirements Specification given by the V-
Modell. Thus, all generative work product dependencies for that the Requirements
Specification is a source, have to be adjusted so that the Business Specification is now
the new source.

The same way the Business Specification replaces the Requirements Specification (V-
Modell), the Requirements Specification (BISA) replaces the Ouverall System Specifica-
tion®.

Content-related work product dependencies built the content structure regarding
consistency and quality assurance between particular work products. Since the
Business Specification and the Requirements Specification replace work products given
by the standard, they have at first to be embedded into the dependency structure
defined over these standard products. Furthermore, new dependencies have to be
taken into account, too.

4.4.2. Design of the Process Model

Having roughly defined the mapping of the BISA artefacts to adequate V-Modell
work products, the integration in the process model is the next step. As mentioned
above, new decision gate types are introduced to make the stepwise development
of the Business Specification and the Requirements Specification explicit.

8 As the Business Specification has a completely different structure and the methodology to create it dif-
fers from the standard, no variability operation to rename and restructure the standard work product
is performed. The model structures related to the Business Specification are created new.

9 Note that the information system requirements describe in BISA demands towards the overall system
the same way as described by the overall system specification in the V-Modell (that considers the
system also as a black box with no component architecture).
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4.4.2.1. BISA Procedure Modules

Business Specification : Business Specification Business Specification with System Vision : Business Specification
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{ith System Vision)
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Figure 4.12.: New Procedure Modules for BISA

Fig. 4.12 shows the new procedure modules. The left procedure module describes
the (planning) process only for the Business Specification (with an optional quality
assurance for the Business Vision). In the right procedure module, the process de-
scription is extended for considering the System Vision, too. The processes realise a
parallel development of the Business Specification and the important topic Business
Vision. The cardinality states how often a parallel path can be entered. This means,
the Business Specification has to be developed mandantory (cardinality 1). The ex-
plicit creation and quality assurance of the Business Vision is optional (cardinality
0...1). The process also defines by the semantics of the Join, if the Business Vision is
inspecteted separately, this quality assurance measure has to be finished (at latest)
together with the quality assurance of the Business Specification.

If in addition to developing the Business Specification a System Vision is required, the
right procedure module must be chosen for creating the milestone plan. Having
quality assured the Business Specification, the System Vision can be developed.

4.4.2.2. Customer Development Strategy

Projest Project Request for Contract Acpeptance Projewt
Approved Defined Proposs) Refeused Anarded Completsd Completed \

Figure 4.13.: New Processes’ Integration into the Development Strategy (Customer)

The new procedure modules are integrated into the customer’s development strat-
egy as shown in Fig. 4.13. The “old” decision gate from the standard V-Modell is
replaced by a place holder of type Business Specification. Depending on the con-
text either the left or the right procedure module form Fig. 4.12 are selected for
planning.

4.4.2.3. Customer/Supplier Development Strategy

The same way the customer’s development strategy is enhanced by BISA, the de-
velopment strategy for the project typ Customer/Supplier is enhanced. Fig. 4.14
shows the enhanced development strategy.

The “old” decision gate for the requirements is also replaced by the new BISA
procedure modules. Differently to the customer’s strategy, the System Vision is
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Figure 4.14.: New  Processes’ Integration into the Development Strategy
(Customer/Supplier)

always a part of the development strategy, while the right procedure module from
Fig. 4.12 is here not relevant.

As described in Sect. 4.4.1 a new desicion gate type Requirements Specification com-
pleted has to be introduced. Concrete decision gates of this type are not shown in
Fig. 4.14. The reason is that the new decision gate type equals the type System spec-
ified provided by the V-Modell standard. This standard type will be adopted, but
is integrated in the concrete development strategies (sketched in Fig. 4.14 by the
Development Strategy placeholder).

4.4.2.4. Work Product Association

The new procedure modules have associations to work products defined by BISA.
The procedure decision gates Business Specification completed and Business Specifi-
cation completed (with System vision) are both of decision gate type Business Specifi-
cation completed and therefore have associations to the Business Specification. This
means, that this work product has to be in a quality assured state at this decision
gate. As mentioned above, the decision gates connect the static process description
parts with the dynamice process execution parts. In detail, the modelled develop-
ment strategy defines when a Business Specification has to be developed in a project.

All defined decision gates are, as stated in Sect. 4.4.1, assigned to particular work
products or topics, which is reflected by the decision gates’ names. The deci-
sion gates Business Specification completed and Requirements Specification completed
are ”blocking” decision gates.

4.4.3. Design of the Tailoring

In the last sections we have shortly described the design of the work product and
the process model. During the design of the process model we also provided de-
tailed design of the new procedure modules. Procedure modules and their associ-
ations to project types and project type variants are matter of the Tailoring (of the
V-Modell), which we describe in this section.

4.4.3.1. Process Modules

In Sect. 4.4.1 we only provided a raw view on the new (central) work products for
BISA. To enable the BISA extensions taking part in the tailoring and being able to
create a project-specific process, process modules have to be designed.

For the first release of V-Modell BISA two process modules are designed (see
Fig. 4.15 and 4.16).

The fist process module contains the central work products Business Specification
and Requirements Specification. Furthermore it contains the work product Project
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Figure 4.16.: New Process Modules for BISA (Extension)

Propsal. This is required as the new BISA process module replaces its equivalent
from the standard V-Modell. The proposal is required to start a project and holds
a lot of dependencies to several work products of the V-Modell. Those have to be
copied to provide a defined project set-up as defined in the standard.

The second process module contains some extension such as additional, development-
relevant topics for the Requirements Specification and an addtional Traceability Ma-
trix. Depending on the project context, only the core-module or both are referred

in the tailoring.

4.4.3.2. Project Types and Type Variants

Tailoring establishes content and process structures. To connect both, project types
are used. BISA supports two project types from the standard model. Further-
more each project type requires at least one project type variant, which adds con-
crete procedure modules to the content-frame. The concrete constellation in the
V-Modell BISA extension is as follows:

e Project Type: System Development Project (Customer)
— Project Type Variant: Project (Customer) with One Supplier
e Project Type: System Development Project (Customer/Supplier)
- Project Type Variant: Project (Customer/Supplier) Including SW-Development,
Enhancement or Migration

The design is close to the standard components. Only the scope of the project type
variant “Project (Customer/Supplier) Including SW-Development, Enhancement
or Migration” is restricted to software development. So some of the project char-
acteristics of the standard V-Modell are left out.

4.4.3.3. Project Characteristics

As project types and project type variants define the mandantory parts of the pro-
cess, project characteristics define the optional parts. The V-Modell BISA extension
contains the following subset of project characteristics:

e Life Cycle Cost Management
o Off-the-Shelf Products
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User Interface
Subcontract

Legacy System
Prototype Development

Those project characteristics have relations to the requirements engineering focus
of BISA. Other charateristics are left out or are integrated in the project types or
type variants, e.g. Subject of the Project, which is not neccessary as BISA is focussed
to software development. The components of the process that are relevant to soft-
ware development are not referred using a characteristic but are referred directly
by the project type variant.

4.4.4. Realisation

The BISA extension are realised using the V-Modell XT R/O mechanism. This con-
cept divedes the whol process model into a Reference model and an Organsational
extension model. The latter contains all enhancements and all changes related to
the standard process model.

For BISA the extension model contains:

e the new process modules
e the new procedure modules
o the re-designed project types and project type variants

Furthermore the extension model contains a set of change (variability) operations
used to customise the reference model. In detail, operations for deleting content,
changing structure and replacing texts are used.
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In this report we provided an artefact-based reference approach for the applica-
tion domain of business information systems. Our goal was to tackle the problem
of variability in designing a process and the unawareness of producing underspec-
ified (incomplete and inconsistent) specification documents as part of a solution-
oriented RE process. We aimed therefore at an approach that:

1. serves as a reference model and supports awareness of producing precise
results that are conformant to the basic concepts of the application domain

2. can be integrated into organisational environments, i.e. integrated into exist-
ing process frameworks

3. can be customised to volatile project environments while incorporating ex-
periences and the organisational culture and finally achieving transparency
with reproducible decisions and consistent results

We developed at this basis a customisable reference model that supports a system-
atic business information systems’ analysis. The reference model enables seamless
modelling of precise and traceable results and thereby continuity within the pro-
cess by making use of the artefact-based paradigm. This paradigm also enables
due to its modular structure a systematic customisation to organisational environ-
ments and to project environments.

In a first step, however, we analysed in chapter 1.5 existing domain-specific stan-
dards for describing information systems in order to show to what extent RE as-
pects should be covered within the application domain. Taking the steering prin-
ciples of RE that aim at IT business alignment we defined under this perspective
for our context the discipline business information systems” analysis.

In chapter 2 we introduced then a meta model that defines structure and semantics
of the artefact-based paradigm since the term “artefact” is differently used in same
and similar contexts. In chapter 3 we proposed at the basis of the meta model
and the principles of business information systems’ analysis the artefact-based core
model. This core model includes:

1. an artefact abstraction model defining horizontal and vertical abstraction (re-
finement hierarchies) what in turn enables precise decisions on when arte-
facts are underspecified and the process therefore solution-oriented

2. an artefact model as an abstraction of structure of specification documents
and the included concepts reflecting the elements of different description
techniques (and related to the artefact abstraction model).

3. aprocess model that defines milestones and methods for elaborating the arte-
facts, directly coupled to artefacts.

4. arole model that defines responsibilities for the proposed artefacts
Based on this artefact-based reference model, we defined in chapter 4 a multi-
staged customisation approach. The approach introduced the mechanisms for a
systematic and transparent customisation of the reference approach to (1) organi-
sational environments and to (2) individual project environments.
Regarding the customisation to project environments we showed how project pa-
rameters that characterise volatile project environments affect the construction of
the different parts of the artefact-based core model (artefacts, milestones, roles,
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...). At this basis we illustrated similarly as done in decision support systems
how to use a project repository that incorporates different project parameters and
their (experienced) effects onto the core model. Using this repository we showed
how to systematically elaborate according to the influencing parameters the arte-
fact model. The approach for this elaboration is performed over two stages. Firstly,
by defining a process frame including artefacts structures, milestones and initial
contents. Secondly, by deciding during project execution what contents to leave
underspecified and what contents should underlie further refinement, i.e. by de-
ciding on the degree of solution-orientation. In particular, we coupled exemplary
project parameters like the availability of end users (gained from an exemplary
process integration) to selected artefacts’ contents and showed with the customi-
sation approach on what parameters to reflect for each artefact, what decisions to
take regarding their construction (or if leaving them underspecified) and finally
how to document these decisions within the BISA diary. The BISA diary finally
serves for ascribing the taken decisions to the project repository and finally for
achieving transparency with reproducible results. However, since the project pa-
rameters and the decisions are coupled to chosen elements of the artefact model,
the customisation approach still respects the interdependencies between single
artefacts, and thereby ensures consistency during customisation, thus, continuity
in the development process.

Finally, regarding the customisation to organisational environments, we illustrated
the process integration in chapter 4 with the V-Modell XT, a German standard for
software and systems development projects. We chose relevant project types that
fit the application domain of BISA. Based on these project types, we extended cor-
responding product types of the V-Modell and embedded them into the process
structure.

In conclusion, we provided an approach that is deeply integrated into the devel-
opment life cycle and prepared its application in real life projects. We laid the
foundation for a systematic and integrated business information systems” analysis
that supports in individual project environments consistency and completeness of
reproducible results, continuity within the process and variability in the process
definitions.

5.1. Validity of the Approach

The validity of the approach is threatened by several aspects. We refer, in par-
ticular, to the correctness of the concept model, to the applicability of the process
model and finally to the validity of the customisation approach.

5.1.1. Correctness of the Artefact Model

We do not claim for completeness of the artefact model and its use as a silver bul-
let since there is no universal way of modelling requirements!. Still, we claim for
the model’s correctness. The reason is that the concept model has been developed
by inferring least common denominators of elements and relations found in dif-
ferent description techniques. For instance, the concepts of business processes are
defined according to the underlying principles of different techniques and notions
like BPMN and EPK, but also approaches with an underlying mathematical theory
like the approach of Thurner [Thu04].

1 Note that the description of a component architecture as part of the artefact model (as part of system
specification documents) is intentionally left often since there exist established standards that can be
used for this purpose.
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Hence, we defined a model that abstracts from established and correct approaches
enabling the precise definition of specification contents. In addition, the applica-
tion of the different concepts and their relations are evaluated according to doc-
umented and lived experiences in real life projects of the company Capgemini
sd&m. Furthermore, it is integrated into the organisational process model of the
company and trained (including its tool-supported appliance) as the standard ref-
erence approach for business information systems” analysis. Regarding the artefact
structure, it is defined according to the concept model and thereby is it also cor-
rect. It provides the possibility of customising it to product-based standards like
the IEEE Recommended Practice for Software Requirements Specifications [OEEE98] (see
also Chp. 4). One customisation has been showed by integrating the introduced
artefact model into the product model of the V-Modell XT.

5.1.2. Applicability of the Process Model

The process model does intentionally not define a strict order for producing the
artefacts. In addition it does intentionally not define concrete methods that are
restricted to a chosen syntax. Both aspects guarantee flexibility in the process
definitions during customisation to organisational environments and to project
environments. However, the applicability is given since we integrated the refer-
ence approach into the organisational standard process descriptions of the com-
pany Capgemini sd&m (as mentioned before). During this integration, the process
is adapted to the elements defined by the Rational Unified Process (RUP) [JBR99].
Furthermore, a chain of concrete methods using different languages that are pro-
vided for example by the UML is implemented. Further information can be taken
from [MFsAQ9].

5.1.3. Validity of the Customisation Approach

Regarding the validity of the customisation approach we distinguish between the
customisation to organisational environments (process integration) and the cus-
tomisation to project environments.

Validity of the Process Integration. In addition to the mentioned integration into
RUP, we showed in this report a detailed customisation to organisational environ-
ments by using the process framework V-Modell XT. Still, the process integration
has limitations since a mandatory prerequisite for this integration is that the tar-
geted process framework must exhibit a modular structure that is ideally based on
a meta model (as it is given by the V-Modell). It should at least offer a precise de-
scription of the single elements of the framework and thereby allow the extraction
of such meta model (see also Sect. 4.2.2). A consequence of this restriction is that
an integration of the artefact-based core model cannot be clearly integrated into
informally described approaches as it is the case with Scrum, even if some aspects
of “agile approaches” like the lightweight documentation are explicitly supported
(see also the trimming procedure in Sect. 4.3).

Validity of the Customisation to Project Environments. Regarding the customi-
sation stages at project level we ensure also validity, although we exclusively pro-
vide the basic concepts. One important goal during development of the introduced
customisation approach was to ensure the validity of the introduced concepts by
clearly separating individual (experience-based) aspects of decision taking and the
commonly applicable mechanisms. We restricted for this purpose individual as-
pects of companies to be exclusively reflected by the values of project parameters
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and the made decisions (kept as impacts and impact scales in a structured project
repository), not by the parameters themselves that still remain valid. For example,
the parameter that reflects the availability of the end users takes effect on the con-
struction of a use case, but how the effect is finally defined (whether to construct
exactly what parts) depends on individual aspects such as experiences, political
and strategic interests of the team members. Still, when setting up the used project
repository within a company, it needs for a training phase. The validity of the
parameters and their values respectively the rating of the made decisions, how-
ever, increases with each project that documents its experiences (within a certain
learning curve).

Hence, we ensured the validity of the customisation to project environments and
prepared its in volatile project environments.

Finally, we did intentionally not incorporate the decision of a concrete syntax into
the customisation approach at project environments. As the explicit definition of
syntactical dependencies between single artefacts would make the artefact model
highly complex?, the decision on what syntax to choose during customisation
would obstruct the applicability of the customisation approach.

5.2. Future Work

We are currently enriching the artefact model with conformance constraints by
mathematically defining completeness and consistency conditions. The purpose
is to enable tool-supported verification in order to control the conformance of the
models being produced to the artefact model.

At this basis we are currently preparing an evaluation of the results of this report
(the integration of the BISA approach into the V-Modell) by performing an action
research study in a real life project with a duration of one year.

Finally, we are analysing in a survey a set of project parameters and their effects
(including additional European companies). We aim at the implementation of a
prototypical project repository that is ready for use. The survey is necessary be-
cause the project repository would otherwise only include impact scales and val-
ues of one particular company (Capgemini sd&m). Within this implementation
we also develop a meta model for project characterisation with concrete impact
scales that take effect onto the roles and the milestones (going beyond the effects
of project parameters on the construction of artefacts).

2 “How does a concrete syntax of an artefact A match with the syntax of an artefact B?”

164



A. Comprehensive Artefact Model

A.1. Artefact Structure

A.1.1. Business Specification

© ©

Introduction

1.1 Overview

1.2 Purpose

1.3 References

1.4 Scope

Business Vision

2.1 Business Context

2.1.1 Business Drivers, Objectives and Mission Statement

2.1.2 Principles
2.2 Project Scope
2.2.1 Expert Problem Description
2.2.2 Scope and Limitations
2.3 Enterprise Overview
2.4 Business Service Overview
Organisation Structure and Business Domains
3.1 Organisation Structure
3.2 Business Domains
Business Goals and Restrictions
4.1 Business Restrictions
4.1.1 Business Domain [Name] (Optional)
4.2 Business Goals
Business Roles
5.1 Stakeholder
5.2 Process Owner
5.3 User Groups
Business Capabilities
6.1 Business Service Model
6.1.1 Business Domain [Name]
6.1.1.1 Business Service [Name]

6.1.1.n Business Service [Name]

6.1.n Business Domain [Name]
6.2 Business Process Model
6.2.1 Business Domain [Name]
6.2.1.1 Business Process [Name]
6.2.1.1.1 Business Task [Name] (Optional)

6.2.1.1.n Business Task [Name] (Optional)
6.2.1.n Business Process [Name]

6.2.n Business Domain [Name]
Business Information Model
7.1 Business Objects
7.1.1 Business Domain [Name] (Optional)
7.1.1.1 Business Object [Name] (Optional)

7.1.1.n Business Object [Name] (Optional)

7.1.n Business Domain [Name] (Optional)
7.2 Information Objects
7.2.1 Business Domain [Name] (Optional)
7.2.1.1 Information Object [Name] (Optional)

7.2.1.n Information Object [Name] (Optional)
7.2.n Business Domain [Name] (Optional)

Business Demands Analysis
Glossary
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A.1. Artefact Structure

A.1.2. Requirements Specification

1 Introduction
1.1 Overview
1.2 Purpose
1.3 References
1.4 Scope
2 System Vision
2.1 Summary of Business Specification
2.1.1 Business Restrictions Overview
2.1.2 Business Goals Overview
2.1.3 Business Roles Overview
2.1.4 Information Objects Overview
2.1.5 Business Domains Overview
2.1.6 Business Process Overview
2.1.7 Business Service Overview
2.2 Scope of Information System under Consideration
2.2.1 System Overview
2.2.2 External Systems
2.2.3 Use Case Overview
2.2.4 Information System Service Overview
2.2.5 Features
3 Information System Requirements
3.1 Actors
3.2 Generic Scenarios
3.3 Domain-specific Application Capabilities
3.3.1 Business Domain [Name]
3.3.1.1 Information System Service Model
3.3.1.1.1 Information System Service [Name]

3.3.1.1.n Information System Service [Name]
3.3.1.2 Use Case Model
3.3.1.2.1 Use Case [Name]
3.3.1.2.1.1 Functional Requirement [Name]

3.3.1.2.1.n Functional Requirement [Name]

3.3.1.2.n Use Case [Name]
Alternative
3.3.1.2 Use Case Model
3.3.1.2.1 Use Case [Name]

3.3.1.2.n Use Case [Name]
3.3.1.3 Functional Requirements
3.3.1.83.1 Functional Requirement [Name]

3.3.1.83.n Functional Requirement [Name]

3.1.n Business Domain [Name]
3.4 Information System Objects
3.4.1 Information System Object [Name] (Optional)

3.4.n Information System Object [Name] (Optional)
3.5 System Quality Requirements
3.5.1 System Quality Requirement [Name]

3.4.n System Quality Requirement [Name]
Alternative
3.5.2 Business Domain [Name]
3.5.2.1 System Quality Requirement [Name]

3.4.1.n System Quality Requirement [Name]
Alternative
3.4.1 Usability Requirements
3.4.1.1 System Quality Requirement [Name]

3.4.1.n System Quality Requirement [Name]

3.4.2 Maintainbility Requirements
343 ..

166



A. Comprehensive Artefact Model

Alternative
3.4.1 Actor [Name]
3.4.1.1 System Quality Requirement [Name]

3.4.n Actor [Name]
Alternative
3.4.1 Generic Scenario [Name]
3.4.1.1 System Quality Requirement [Name]

3.4.1.n System Quality Requirement [Name]

3.4.n Generic Scenario [Name]
3.5 Architectural Constraints
3.5.1 Logical Restrictions
3.5.1.1 Architectural Constraint [Name]

3.5.1.n Architectural Constraint [Name]
3.5.2 Technical Restrictions
3.5.2.1 Architectural Constraint [Name]

3.5.2.n Architectural Constraint [Name]
Alternative
3.5.1 Generic Scenario [Name]
3.5.1.1 Architectural Constraint [Name]

3.5.1.n Architectural Constraint [Name]

3.5.n Generic Scenario [Name]
4 Integrational Requirements
4.1 Migration Requirements
4.1.1 Migration Requirement [Name]

4.1.n Migration Requirement [Name]
Alternative
4.1.1 Release [Name]
4.1.1.1 Data Migration from Legacy Systems
4.1.1.1.1 Migration Requirement [Name]

4.1.1.1.n Migration Requirement [Name]
4.1.1.2 Displacement of Legacy Systems
4.1.1.2.1 Migration Requirement [Name]

4.1.1.2.n Migration Requirement [Name]

4.1.n Release [Name]
4.2 Deployment Requirements
4.2.1 Deployment Requirement [Name]

4.2.n Deployment Requirement [Name]
5 Organisational Requirements
5.1 Project Requirements
5.1.1 Project Requirement [Name]

5.1.n Project Requirement [Name]
5.2 Obligations
5.2.1 Obligation [Name]

5.2.n Obligation [Name]
6 Requirements Risk Status Report
7 Glossary

A.2. Concept Model

We subsequently illustrate the comprehensive concept model for business infor-
mation systems’ analysis. We first depict the concept model of the business speci-
fication, afterwards the one of the requirements specification and finally conclude
with illustrating the dependencies between both. The latter illustrates in the nearer
sense the principle of IT business alignment (going beyond the concepts of the sys-
tem vision).
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A.2. Concept Model

A.2.1. Business Specification
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Figure A.1.: Concept Model of the Business Specification
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A.2.2. Requirements Specification
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A.2.3. Transition from Business to Requirements Specification
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Specification
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A.3. Requirements Shell

Figure A.4 depicts a requirements shell for documenting (initially stated) require-
ments in an informal way, similarly as known from the Volere requirements spec-
ification templates [RR07]. The shell is defined according to the artefact model of
the requirements specification and facilitates the initial documentation of require-
ments for example within workshops, before adjusting the description according
to the concept model. The original statements (the shells) serve then as a rational

for the content within the requirements specification.
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Requirements Shell

ID

What is the unique identifier of the requirement?

(Original) Description

What is the requirement’s description?

(2 Can be transferred in dependency to the assertion into
corresponding requirements types, respectively concepts such as
structured scenarios or system quality requirements)

Owner

Who is responsible for resolving this requirement?

Stakeholder

Who is the customer-side responsible individual or organisation that
demands this requirement?

Source Do there exist supplementary sources for the requirement, such as a:
* Document / Specification
*  Email
*  Protocol of a phone call or a workshop

Rational What artefacts of the business specification are the rational for the

requirement?

Influences on

What further requirements are influenced by this requirement? Are
they conflicted? Do they support each other?

Derived from

From what requirement is this one derived?

History & Version

Is this requirement new? Was it changed? When was it changed?
What changes have been made? What is the resulting new version?

Business Value

What business value does the customer expect from the requirement?

Criticality What impact would it have if the

requirement is not realised?

How satisfied or unsatisfied would
the stakeholder be if realising the
requirement?

Satisfaction

How often are related business
processes performed?

Access Frequency

Effectivity How well does the requirement
support the stakeholder in achieving

his business goal and / or business

process?
Compliance to Business Does the requirement result from a
Rule not negotiable business rule (such as
alaw)?

State

What is the actual state of the requirement?

Acceptance Criteria

When is the requirement realised achieving the expectations of the
stakeholder?

Time Constraint
(optional)

Until when (or within what release) does the requirement have to be
realised?

Business Domain
(optional)

To what business domain is the requirement related?

Figure A.4.: Shell for Capturing Requirements
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B. V-Modell XT Meta Model

All concepts of the V-Modell are precisely defined by a formal meta model [TK09].
Thus, syntax and semantics are clearly defined, i.e. for each work product ex-
actly one role is responsible. In the following paragraphs we give a short im-
pression of the relevant parts of the meta model for this report. As we focus on
artefact-orientation, we only discuss the static work product-related parts of the
meta model.

B.1. Static View: Work Products

The meta model is divided into specialised sub-models providing views. The first
view to be considered is the view of work products, which is part of the so-called
static sub-model.

The static sub-model contains all elements that are used to define, structure and
describe the process. It contains work products, activites, roles and so on. This
sub-model is used for generating the process documentation using the content de-
scription of the particular model elements.

B.1.1. Work Products

Work products define the structure of the (potential) results of a project — also
called result structure. We focus on the work product view in the following.

Discipline
1
O--*
Decision Gate Work Product Topic
0 * 0 * O * 0 *
1 0..1
0..1
Activity Sub Topic

u 0.1

Work products (Figure B.1) are the basic concept. They are structured by topics cov-
ering certain contents that should be addressed by a particular work product. In
other words: topics define what contents a work product shall contain. To provide

Figure B.1.: Meta Model Aspect: Static View on Work Products
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fine grained modelling of work products, topics can also be structured by so-called
sub topics, which can recursively contain further sub topics. The V-Modell pro-
vides containers that combine work products that are assigned to similar project
stages/phases. Those containers are called disciplines. Disciplines also contain ac-
tivites that are used — in the V-Modell-context — to describe the finalisation of work
products. Compared to project planning, V-Modell-activities are more comparable
to work packages than to (elementary) tasks.

As no activity flows can be expressed, because of the unconnected activities, the
V-Modell provides another concept to define an order for products’ creation. Work
products are assigned to decision gates, which become milestones in a project plan.
The semantics is: If a decision gate (milestone) shall be reached, the set of assigned
work products have to be finished, including successfull quality-assurance. Deci-
sion gates are the interface to the dynamic sub-model that defines an order of deci-
sion gates. So the order of work product creation is given by the order of decision
gates combined into the project execution strategy (cf. section B.2).

B.1.2. Work Product Dependencies

Each work product is embedded in a system of dependencies. The meta model
provides different dependency types that support the expression of

e work product creation
e relation to work products’ contents

e structure of complex work products (respecting their comprised sub-work
products)

e necessary changes of the process depending on the work products’ contents

Work product dependencies are used to model systems of products using associa-
tions as shown in Figure B.2. For this report we only need the content-related and
the creational work product dependencies.

Dependencies Process Module

’ 0.. 1 0.*

Work Product
1.%

1.%

Content Work
Product ’—Work Products to
Dependency Dependency

Creation Sources

Creational Work
Product
Dependency

-

Creation Targets

Figure B.2.: Meta Model Aspect: View on Work Product Dependencies

Creational dependencies are used to express why a particular work product has to
be created in a project. The sources of the directed dependency are the so-called
initial work products. Those products regulate what other work products have to
be created (including shape, intervals and so on). The targets of that dependency
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type are the products, which creation is regulated. To give an example, the project
plan defines when a status report has to be created.

Content-related dependencies connect work products with each other expressing
that contents of one work product depend on the contents of another one. An ex-
ample is the dependency between the system under development and the system
specification.

B.1.3. Relations

While work product dependencies connect only work products, other process el-
ements such as roles, decision gates and so on have to be taken into account, too.
To structure and connect the different process elements such as work products and
roles, typed and directed relations (associations) are used.

Process Module

0..* 1
Relation
0.%
Work Product Decision Gate
+Work Product 1 +Decision Gate 1.7

Work Product to
Decision Gate

Figure B.3.: Meta Model Aspect: View on Work Product Relations

Figure B.3 shows the relation between work products and decision gates, as de-
scribed above. The idom is the same for all relation types in the meta model. There
exsits a relation type that connects several types of process elements, e.g. work
products and decision gates or work products and roles.

Dependencies and realtions are used in the later presented proof of concept. They
are used to built the structure of the BISA artefact types and their contents.

B.2. Dynamic View: Project Execution Strategies

The static parts of the meta model define the result and documentation structure
of the process. Thus, the V-Modell is artefact-based, no activity flows are defined.
To provide a process organisation or a process structure, project execution strategies
are used. They state what decision gates (milestones) have to be reached in which
order. Since all work products are assigned to milestones, the dates for finalisation
are defined. So the result structure and the process structure are connected to each
other.

The underlying concept is the procedure module that defines a partial process, re-
spectively a subset of decision gates in an given order. In a particular project, sev-
eral procedure modules are used to build a project execution strategy. The concrete
selection of relevant modules is given by a concrete failoring profile, which defines
the process parts relevant for a concrete project.
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B.3. Tailoring View

Tailoring in the V-Modell means an automatic, tool-supported customisation pro-
cess to adopt the whole process model to the project’s specific requirements. Dur-
ing the tailoring, so-called project types and project type variants have to be se-
lected to roughly sketch the project setting. A more detailed customisation is in
the following provided by a set of context-specific project attributes, which allow
the user to select additional options, e.g. to embed sub-contracting parties into a
project. In this section we only give a brief overview over tailoring. A detailled
description can be found in [TK09].

B.3.1. Process Modules

Process modules are the content-containing components relevant for the tailoring.
A project-specific V-Modell instance is a consistent selection of process modules.
Since process modules contain all static process elements (cf. section B.1), the result
structure for a particular project is given by that selection.

B.3.2. Procedure Modules

Processes and sub-processes, relevant for the project, are defined by the procedure
modules. Same as for process modules, a set of procedure modules is selected
during the tailoring. All selected modules are used to derive the project-specific
project execution strategy.

B.3.3. Project Tailoring Profile

The selection of the different modules builds the project-specific process model.
The relations and dependencies are also defined by the meta model. The relevant
concepts for the tailoring are the project types, which roghly describe the frame for
a particular project (e.g. customer or contractor). Project types are supplemented
by project type variants that add specific process and concrete procedure modules.
Project type variants provide an automatically computed project execution strat-
egy for the project. Finally project attributes provide capabilities for fine grained
customisation as described above.

The meta model also defines a stepwise tailoring process, which is implemented
by a tool. At first a project type has to be choosen. Secondly, one of the context-
specific provided project type variants has to be selected and finally — and optional
— project atrribute values can be assigned. The meta model structure defines that
selection of a project type is a precondition to select a project type variant and so.

The resulting tailored process model is a subset of all contents provided by the
whole standard process model. The results can be exported (transformed) into
several formats, e.g. PDF oder DOC for process documentation or work product
templates.
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C. Glossary

Actor An actor is a unique role outside the system under consideration that is able
to execute an action of a scenario and / or call an information system service.
We distinguish between primary actors that provide and use information and
secondary actors that only use information from the system as an input.

Architectural Constraint Architectural constraints are statements that restrict the
information system’s solution in its architecture respecting its logical and
/ or physical layers. They demand or exclude specific solutions. See also
“restrictions on the logical architecture” and “restrictions on the technical
architecture”.

Artefact An artefact is a deliverable that is produced, modified, or used by a se-
quence of tasks as part of one (development) phase and has value to a role.
Artefacts are subject to version control and have a specific type. They are hi-
erarchically structured into content items that define single areas of respon-
sibility and that are output of a single task. Each content item encompasses
at its lowest level of decomposition:

1. Concepts: a concept defines the elements and their dependencies of
domain-specific description techniques used to represent the concern of
a content item. Concepts have a specific type and can be decomposed
to concept items, in which the differentiation is made if different items
of a concept can be described with different techniques.

2. Syntax: the syntax defines a concrete language or representation that
can be chosen for a specific concept.

3. Method: The method (or task) describes the sequence of steps that is
performed in order to make use of a concept.

Business Constraint A business constraint states a limitation placed on a solution,
or an aspect of the current state that cannot be changed by the deployment
of the new solution.

Business Domain A business domain groups a set of logically related business pro-
cesses and their sub-processes, thereby the business services that are pro-
vided by the business processes. It defines a major area of the business that
is in scope of the architecture. A business domain can be decomposed, but
relates in any case to exactly one process owner and its business processes.

Business Driver Business drivers are internal and external factors, including indi-
viduals, knowledge and conditions that initiate and support the design of
business activities.

Business Goal A business goal is a prescriptive statement of intent of one or more
stakeholders. Business goals can be derived from other business goals, while
we distinguish apart of business goals in general that concern financial and
customer-related intents of the overall business in particular between (1)
process-related goals and (2) IT-related goals.

Business Information System A business information system is an information
processing system being structured in order to (at least partially) support
business processes. They are characterised by (1) a boundary, respectively
scope, (2) a (functional) behaviour that supports business process logic and
(3) further (also non-functional) properties. With the term system we refer
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to all layers of a system that have the purpose of supporting selected busi-
ness processes including the systems’ architecture, used hardware, the un-
derlying (network) infrastructures and one or more applications. Additional
synonyms in this report are Information Systems (IS) and IT Systems.
Business Information System’ Analysis Business Information Systems’ Analysis (BISA)

is a discipline that aims at describing the problem space as comprehensively
as possible. It comprises activities for an iterative and systematic approach of
defining a (1) business specification, reflecting the essential needs of all rel-
evant stakeholders towards the current and the future state of the business
and (2) requirements specification, reflecting the essential needs and con-
straints towards information systems and their development, aligned with
the business needs stated in the business specification.

Business Mission A business mission is a statement of direction and goal for the
overall business.

Business Object A business object represents a unique object of reality (the “busi-
ness world”). It can be of material nature, such as a “Car” or of immaterial
nature, such as an “Order” that a waiter has in his mind.

Business Objective Business objectives are statements of intent that define planned
outcomes to an organisation.

Business Process A business process is a cross-functional sequence of activities
across multiple positions in order to achieve a planned work result in an
organisation and that contributes to at least one business goal. It is admin-
istrated by a process owner and serves to directly or indirectly produce a
product or provide a business service for a customer or a market. The ac-
tivities are triggered by an event and may use other activities to transform
(produce, read and modify) one or more business objects and information
objects. Business processes can be hierarchically decomposed until reaching
the granularity of business tasks.

Business Process Category The business process category defines if a business
process directly or indirectly produces a product or provides a business ser-
vice. The first is declared as a core process, the latter as a supporting process.

Business Rule A business rule is an actionable directive that defines or constrains
behavioural aspects of the business and that supports a business goal. It is
intended to assert business structure or to control or enable the activities of
the business.

Business Service A business service defines a business capability provided by the
execution of one or more business processes satisfying at least one business
goal. It can be hierarchically decomposed and maps an input (stimulus) to
an output (response).

Business Specification A business specification formulates all goals, capabilities,
restrictions and conditions that affect the business of a customer’s organisa-
tion and further information that describe the current and future state of the
like.

Business Task Business tasks are partial units that are encompassed by a business
process. Each business task consists of an ordered sequence of atomic pro-
cess steps, while these in turn are (1) performed by exactly one user group
aimed at achieving at least one process-related goal (2) can be supported by
an information system.

Business Unit A business unit is a recognised part of an organisation under man-
agement of at least one stakeholder (see also “organisation”).

Business Vision A business vision introduces into the actual problems and defines
the resulting scope of the business that shall underlie a change as part of
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a project. The business vision steers customer-side decision-makers into a
common direction by summarising aimed objectives (needs) to be achieved,
principles to be preserved, affected business capabilities to be gained and /
or changed and finally resulting (re-) structures of envisioned organisations.

Conformance A model being produced at the project level is conformant to the
(referenced) concept model, if the concept model is an abstraction of the
more concrete model. Conformance of a model at the project level to the
concept model is (in the context of this report) related to completeness and
to consistency. Completeness requires that selected elements of the model
considered conformant are present, while consistency requires that selected
relationships must not be violated.

Deployment Requirement Deployment requirements describe demands towards
the deployment procedure, constraining the process design of the deploy-
ment and the technical environment during initial launch of the system or
specific parts of it.

Enterprise An enterprise is a set of organisations and their business units that
share a set of common business goals and collaborate to provide specific
products or business services to customers.

External System An external system is a system including one or more applica-
tions that directly or indirectly interacts with the envisioned system in order
to realise the workflow of a business process.

Feature A feature is a prominent or distinctive user-recognisable aspect, quality,
or characteristic of an information system that is related to a specific set of
requirements that fulfils this feature.

Functional Requirement Functional requirements define the demanded external
behaviour of an application that is given by a stimulus, followed by an ex-
pected response, as part of a reaction to this stimulus, independant from
the underlying realisation of this response. Delimited from functional re-
quirements are the characteristics and conditions, which are related to the
expected response (see also system quality requirement).

Generic Scenario A generic scenario is an abstract description of an interaction be-
tween an actor and the system or its environment with the purpose of (1)
describing interactions / behaviour, that has to be prevented (by the means
of attack scenarios), (2) describing interactions / behaviour, that directly has
to be supported without any relation to the business process logic (e.g. by de-
scribing maintenance tasks that in general address the internal quality of an
application), (3) structuring, ordering and grouping use cases (emphasising
what users have to perform before executing a use case or between executing
several use cases

Information Object An information object describes the (information) content of a
business object that is processed and that can be reproduced by an informa-
tion system.

Information System Requirement Information system requirements are requirements
that exclusively describe specific demanded functionalities, properties and
conditions of the application, its architecture and its environment from a cus-
tomer’s perspective.

Information System Object An information system object describes the system-side
representation of an information object that can be processed in terms of be-
ing created, read of updated.

Information System Service An information system service defines a piece of sys-
tem’s functionality to support the realisation of business processes and / or
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business services. It can be hierarchically decomposed and maps an input
(stimulus) to an output (response). Synonyms: Application Service, IT Ser-
vice.

IT Information Technology, including aspects of business information systems,
their (logical and technical) architecture and finally applications (software).

Migration Requirement Migration requirements are restrictions on the displace-
ment or modification of one or more legacy systems, emphasising either as-
pects of (technical) migration steps or aspects of data migration.

Obligation Obligations are agreements, propositions and exclusions between the
parties within a development project. They encompass demands towards a
specific action that has to be taken by a party, independent of how the action
is performed.

Organisation An organisation is an autonomous set of hierarchically structured
business units with clearly defined boundaries.

Principle A principle is a statement of belief, approach or intent which serves as a
basis for directing the formulation of architectures.

Process Owner A process owner is an individual that has the responsibility for the
performance of a business process in realising its business goals. He has the
authority on the business process and its execution and the ability to make
necessary definitions and changes.

Project A project is performed over a chosen time frame and aims at achieving an
objective and a project scope. A project has a specific project type that repre-
sents a selection of a set of project parameters with assigned values affecting
processes, roles and artefacts’ structure and content.

Project Characteristic A project characteristic is a taxonomy of parameter cate-
gories and parameters that affect concrete elements of the development pro-
cess. A parameter category describes a major area of concern that is decom-
posed into a set of related project parameters. A project parameter is a mea-
surable or at least assessable circumstance that has an impact onto the ele-
ments of the process model, the role model and / or the artefact model. Each
project parameter is measured or assessed using a metric and a correspond-
ing value range.

Project Requirement Project requirements are constraints towards the content and
/ or structure of selected artefract types and the process model, i.e. affecting
the process design.

Quality Attribute A quality attribute reflects a composition of perceptible charac-
teristics that are exhibited by an application and its environment due to its
properties. Quality attributes are hierarchically organised. An example is
“Efficiency” that can be decomposed into “time behaviour” and “resource
utilisation”.

Quality of Service The quality of service defines a contractual agreement on a set
of service parameters including a set of service levels. A service parameter
demands for a quality attribute for the service, like availability. A service
level is a measurement that defines the expected value range for the chosen
measurement, like 96%. Both the service parameter and the service level
quantify the quality of service to a measurable or at least assessable level.
Synonyms: Service Level Agreement.

Requirement A requirement is a demanded property of an information system or
a process and environment related to the system’s development and integra-
tion, both to be accomplished by a development project.
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Requirements Risk A requirements risk is a defected requirement that causes po-
tential problems to the development activities and to the final software prod-
uct quality due to specific risk factors.

Requirements Specification A requirements specification encompasses all demanded
properties of a system and / or a development process that shall be accom-
plished by a project in order to satisfy the demands stated in the business
specification.

Restriction on the Logical Architecture Restrictions on the logical architecture re-
strict the of the solution’s architecture logically in its structure.

Restriction on the Technical Architecture Restrictions on the technical architecture
restrict the architecture of the solution in the used technologies and used
hardware.

Risk Factor A risk factor is the root cause for the requirements risk. One risk factor
can be the root cause for several requirements risks (defected requirements).

Risk Factor Trend A risk factor trend calculates the total amount of risk factors that
are the root cause for the defects.

Risk Trend A risk trend calculates the total amount of requirements that are af-
fected due to the same defects.

Solution / Problem - Orientation Solution-orientation is the approach in which arte-
facts remain underspecified. They are directly distorted by solution ideas of
following constructive development phases. The concepts that describe the
problem space remain incomplete at the level of the business process hierar-
chy and / or the IT system hierarchy. Problem-orientation is the approach
of a continuous approval process with a customer in which the artefacts are
analysed, refined and quantified in consistency and compliance to the grow-
ing logical architecture.

Stakeholder A Stakeholder describes a unique individual, group or organisation
that is related to a organisation and its business. It is actively involved in a
project having its interests expressed by business goals that may be positively
or negatively affected as a result of project execution or successful project
completion.

System Overview A system overview specifies the system’s boundary by defining
the interdependencies between the system and its future environment, given
by the actors. These interdependencies define what actors intend to interact
with the system under consideration and how they intend to do it.

System Quality Requirement System quality requirements constrain a system and
its (development and usage) environment in order to support an activity,
thus in order to satisfy a business goals. System quality requirements directly
constrain by the use of measurements specific behavioural and structural
elements of the system and its environment in their properties and condi-
tions in order to support the activities that rationale the requirement. System
quality requirements affect at least one quality attribute. Synonyms: (system
-specific) non-functional requirement, quality requirement.

System Vision The system vision defines the (sometimes contractual) basis for the
following requirements specification. It summarises the results of the busi-
ness specification that are in scope of the system, such as the business pro-
cesses that have to be at least partially automatised, and aligns initial user-
visible requirements to these results. It contains an outline of the envisioned
information system’s capabilities and characteristics and aligns the defined
stakeholders into a common direction by defining the application under con-
sideration and its boundaries from a behavioural perspective.
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Traceability Traceability is a characteristic of a system and its development in

which the requirements are clearly and unambiguously linked backward to
their sources and rationales and forward to the artefacts that are produced
during following constructive disciplines based on the requirements. The
documented links are defined as Requirements Traces. Forward tracing de-
scribes the investigation of traces forward to the artefacts that are accordingly
produced. Backward tracing describes the investigation of traces backward
to the artefacts’ rationale.

Traceability Matrix The traceability matrix describes the requirements traces that

are produced over the whole development life cycle, defining the backward
traces and the forward traces of the requirements artefacts.

Underspecified Artefact A content item is underspecified if it is in a state being

not conformant to the corresponding concept type, i.e. incomplete and / or
inconsistent. t. An artefact type remains underspecified if the corresponding
concept types do not underlie further refinements remaining at the level of
(1) the business process hierarchy at the example of the business specification
and / or (2) the information system service hierarchy at the example of the
requirements specification.

Use Case A use case is a discrete, stand-alone and system-supported activity that

is triggered by an event and performed by an actor in interaction with the
system to satisfy a business goal. It describes the observable behaviour and
interaction of a system in response to an actor action. A single use case might
encompass a collection of related (structured) scenarios, and one scenario is
a specific instance of a use case. It consists of a unique ID and a brief de-
scription of its purpose. A use case is related to (1) an actor that participates
within a structured scenario, (2) a structured scenario as an ordered sequnce
of actions and interactions that occurs under certain (3) conditions that de-
scribe the state of the system before the scenario is executed (precondition)
and the state after the execution (postcondition), (4) an action being a unit
that describes a specific behaviour within a scenario and finally (5) an infor-
mation system object that is the system-side representation of an information
object being created or modified as a consequence of a system action.

Use Case Overview The use case overview provides an overview of the use cases

that directly can be performed by actors. It illustrates what business tasks
will at least partially be automatised by the information system. It defines
the relationships between actors and use cases as well as between the use
cases.

User Group A user group is a group of individuals with a specific proficiency di-
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