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Summary

Research in the field of information warehousing mostly focuses technical aspects. Only
recently some contributions are found dealing with methodical aspects of information
warehouse development processes. With respect to the centra role information ware-
houses play for the management a development method is presented which strictly con
centrates on management views. Language concepts are developed which allow the
specification of information warehouses out of the managements perspective and a rep-
resentation formalism supporting this language is presented. Methodically the language
construction is based on constructive philosophy. Conceptual models are used as meta
information in later development phases and it is shown how meta data of etl and olap
tools available on the market can be generated out of the conceptua models. The go-
proach presented has been verified by means of a prototype.



1 I ntroduction

A data warehouses is generally accepted as central component of an information sys-
tems architecture storing materialized views on business processes in support of mar-
agement’s information requirements'. It is located on a centrd layer of an idedized
layer oriented architecture connecting online transaction processing (oltp) systems to
components enabling online amalytical processing (olap)?. The latter components are
Intended to support navigations adequate for management users through so called multi
dimensional information spaces. Oltp systems directly support the business processes
and are the sources of data wsed by olap systems. Typicaly they are connected to the
data warehouse by means of tools performing so called extraction, trarsformation and
loading tasks (etl)®.

The spectrum of contributions on this general topic indicates that theory is far away
from aclear understanding of all aspects relevant today*. Contributions® are reaching
from technical discussions of data bases and algorithms enabling olap functionality®
information search behavior of managers’ and papers concentrating on methodol ogies of
information systems development®. Research on development methodologies itself is a
complex field since investigations refer to logically separate levels of abstraction. On
the one hand there are processes developing methods.® On the other hand information
systems development processes are the matter of interest.*® The latter have to show how
concepts of the former can be put in concrete terms. With respect to VASSILIADIS™ the
lack of an accepted methodology for data warehouse development is one central factor
affecting failure of data warehouse projects. This paper deals with the development of
conceptual models and their integration in the development process and thus tries to
contribute to one of the many open research fields.*

cf. Inmon (1996); Inmon, Hackathorn (1994); Inmon et al. (1997)

cf. Becker, Holten (1998); Chaudhuri, Dayal (1997)

cf. Inmon (1996); Widom (1995)

cf. Vassiliadis (2000)

cf. Vassiliadis (2000) for an overview of research topics

cf. Agarwal et al. (1996) ; Agarwal et a. (1997) ; Bauer et a. (2000) ; Codd et a. (1993) ; Colliat
(1996); Gyssens, Lakshmanan (1997) ; olap Council (1997) ; Vassiliadis, Sellis (1999); Wedekind et
al. (1999)

" cf. Borgman (1998)

8 cf. Golfarelli et al. (Hawaii) (1998); Jarke et al. (1999); Jarke et al. (2000)

®  cf. Nissen et al. (1996) ; Pohl (1996) ; Wedekind (1981); Wedekind (1992)

10 ¢f. Boehm (1981); Davis (1990); Davis et al. (1988); Weske et al. (1999)

1 ¢f. Vassiliadis (2000)

12 ¢f. Vassiliadis (2000)
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In recent methodologically oriented contributions®® propose a quality oriented frame
work for data warehouse development. It is demanded that all views relevant to data
warehouse development are understood as views on a central enterprise model. Even
information sources schemes (oltp systems schemes) are interpreted this way. These
views are arranged into so called perspectives by the DWQ Meta Data Framework™.
The conceptual perspective is relevant for business analysts and business departments. It
enables models independent from the physical organization of data and comprises views
on the central enterprise model. The enterprise model itself gives an integrated overview
of the conceptual objects of an enterprise. The logical perspectives conceives a data
warehouse from actual data models given by the corresponding physical components
used to implement the logical scheme, e.g. relational database systems. The physical
perspective directly is related to the physical components used to implement the data
warehouse, e.g. commercial tools available on the market. The enterprise model thus not
just plays a minor but the central role in the process of data warehouse devel opment.

Having understood the central role of the enterprise model for data warehouse develop-
ment from a methodological point of view the main question is, which concepts are re-
quired to define the enterprise model, especially the conceptual perspective, in concrete
development projects. This is regarded as the central obstacle to the methodical devel-
opment of information warehouses and is the main issue of this work. The term infor-
mation warehouse (instead of data warehouse) is used for the time being since the n-
formation system under consideration has to match management’s information require-
ments in the first place. In accordance with the findings of JARKE ET AL.™ this matching
should be investigated independently of any technological realization which is the es-
sence of the methodical approach presented in this work.

Concerning the development of information warehouses two main problems each com-
prising a set of questions are addressed in this paper. The first problem refers to the
conceptual specification of management’s information requirements. The questions are:

1. Which concepts must be provided by a language in order to model management’s
information requirements independent of any technical aspect?

2. What is a suitable form of representation matching this language and being appro-
priate to support discussions with the management in order to model their informe-
tion requirements adequately?

13 ¢f. Jarke et al. (1999); Jarke et al. (2000)
4 cf. Jarke et al. (1999); Jarke et al. (2000)
15 ¢f. Jarke et al. (1999); Jarke et al. (2000)



The second problem deals with the integration of this specification with technical meta
data of information warehouse components. To support respective development deci-
sions three additional questions are to answer:

3. How data warehouse schemes can be created based on conceptual specifications of
management's information requirements and what parts of this task can be auto-
mated?

4. How meta data describing the business oriented logic of data warehouse data can be
generated?

5. Which meta data required for olap functionality and the etl processes can be gener-
ated?

This paper presents a framework and a method intended to organize information ware-
house development decisions based on a strict separation of management and technical
views on a central enterprise model. The main contributions are the construction of a
domain specific language providing concepts for the specification of management’s
information requirements and completing this language with a suitable representation
formalism. The enterprise modd is integrated with other meta data relevant to informa-
tion warehouse devel opment and usage by means of a central repository. A prototypical
implementation of a tool supporting the development method proposed is discussed
briefly and it is shown how the approach presented can be integrated with information
warehouse components available on the market.

Discussions with tool vendors and project managers have shown that two main advan-
tages can be expected if information warehouse development processes are strictly
based on conceptual models specifying information requirements of the management:
First of al the time necessary for development and maintenance of information ware-
houses can be reduced. Secondly the information warehouse implemented will match
management’ s information requirements in a better way.

In section 2 a development framework for information warehouse projects is introduced.
Section 3 develops a language and a corresponding representation formalism for the
specification of management’s information requirements as part of the conceptual e+
terprise model. The integration of conceptual models with technical meta data is dis-
cussed in section 4. The findings are confronted with related work in section 5 and it is
shown how they can be integrated with other findings relevant to the topic. Section 6
provides summary and conclusions.



2 I nfor mation War ehouse Development Framewor k

The framework presented in this section is intended to organize information warehouse
development tasks and relevant method development tasks as well. It enables the dis-
cussion of an information warehouse development approach based upon a differentia-
tion of two orthogona dimensions. The first dimension of the framework deals with
different levels of abstraction required to understand the modeling process. The second
dimension is characterized by the distinction of development phases arranged in a log-
cal order.

2.1 Organizing Model and Abstraction Levels

Different levels of abstraction are introduced as means to structure in a logical way the
rel ationships between

1. the parts of the business processes which are the instances represented in models
defining management relevant views on these business processes,

2. the languages used to create models defining the views on the business processes
ad

3. the representations of these languages themselves as models.

Different levels of abstraction can be derived from science theory'® and are well estab-
lished in software engineering.'” Within the philosophical discipline of logic languages
on different levels of abstraction are distinguished. A language which is subject to
sciertific analysis is called object language whereas the language used to carry out the
analysis is caled meta language!®. The attribute “meta” thus describes the role a certain
language fulfils in a scientific process. This understanding of language levels is applied
to the process of modeing in the following way'®: Languages, especialy formalized
languages, are used to create models. A certain language L1 used to create a model M1
can itself be expressed by a model M2. Following the intention of logic it can be said
that M2 is a meta model with respect to the instance represented by model M1 (Figure
1).

16 ¢f. Holten (1999), pp. 11-17

17 ¢f. Pohl (1996); 1SO (1990); Jacobs, Holten (1995)

18 ¢f. Kambartel (1996); Lorenz (A) (1995); Lorenz (B) (1995)
19 ¢f. Holten (1999), pp. 11
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Figure1: Model and Abstraction Levels

Different levels of abstraction are discussed intensively for the purpose of information
systems development in the literature. The IRDS framework? is characterized by four
levels of abstraction. The lower three directly correspond to the levels discussed so far.
A fourth level in the IRDS framework provides concepts relevant to develop methods
on a meta meta level. Compared to the IRDS framework only the lower three levels
forming two overlapping level pairs are of interest here. The interlocking level pairs can
be understood as “business process’ and “business modeling” ?*. The former describes
the business processes on the type level while the process instances themselves are per-
formed on the instance level. The latter explains the process of business development on
the meta level while business development processes are performed on the type level.

Compared to the repository structure of the DWQ approach?? the abstraction levels dis
cussed here are shifted downwards. The DWQ gpproach intends to describe the method
development processes using concepts provided by a so called process meta model. This
model is located on a meta meta level with respect to the discussions made above. DWQ
looks at devel opment processes defined in so called process models which belong to the
meta level defined in this paper. The lowest level of abstraction within DWQ'’s reposi-
tory structure contains business processes which are located on the type level in Figure
1.

20 ¢f. 1SO (1990); Pohl (1996); Jacobs, Holten (1995)
2L ¢f. Jacobs, Holten (1995)
22 cf. Jarke et al. (1999); Jarke et al. (2000)



The abstraction levels discussed in this paper are intended to describe information
warehouse devel opment processes and information usage processes in the enterprise. In
contrast to the DWQ and the IRDS approaches it is not intended to look at method de-
velopment processes in the first way. The levels relevant for this paper directly corre-
spond to the abstraction levels discussed within the framework of the Architecture of
Integrated Information Systems (ARIS)%. Nevertheless the so called mete level of the
ARIS framework (corresponding to the meta model level of the DWQ approach and the
IRD definition schema level of the IRDS approach) will not be discussed in this paper.

For demonstration purposes the following business example is used:

An example company (EXCOM) produces and sells cars and other goods and stores the
following sales transaction in its oltp system: One sports car (product 4711) sold to cli-
ent Westfalia Cars on November 8" 1999 for 28.000 EUROs. Additionally, EXCOM'’s
management requires information concerning sales of cars in Europe within the year
1999. EXCOM'’s Information Warehouse calculates this excerpt of a sales report to 30
Billion EUROs. This can be assigned to three abstraction levels of interest here in the
following way (see Figure 1):

1. Theinstance level comprises concrete data relevant for the domain, i.e. sales of cars
in region Europe in Year 1999 realized with reselling partners which amount to 30
Billion EUROs. Documents on this level comprise the bookings made in the busi-
NESS Process.

2. The next level is cdled type level and defines the type of instance level data in the
sense of a database scheme or variables. In the example there must be a variable
able to store a certain amount of EUROs for sales of cars in region Europe in Year
1999 readlized with reselling partners.

3. The concepts and terms used to define the models on the type level can be modelled
as well which is necessary e.g. for the development of repository based CASE-tools.
This modelling task leads to documents and models on the next level of abstraction
called meta level. Concerning the example the meta level model must show how a
certain object related to business decisions can be combined with ratios used in ac-
counting theory (like sales and cost).

23 cf. Scheer (1999)



2.2 Organizing Development Phases

The data warehouse meta data framework and the respective repository meta model®
are both characterized by the three perspectives “conceptual perspective’, “logical per-
spective” and “physical perspective’. Any perspective is defined by means of instances
of the repository meta object class. The conceptual perspective is characterized by mod-
els which are composed of so called concepts Model and concept are terms of the re-
pository meta model. The logical perspective is characterized by schemas and types
which both are meta terms. Finally the physical perspective is characterized by meta
terms agent and data store which belong to the meta class dw component. The DWQ
repository meta model shows how the meta concepts of the three perspectives are re-
lated to each other and gives clear definitions of the respective terms. The DWQ &o-
proach concentrates on the definition of the views characterizing the three perspectives
on an abstract level. It provides the terms and concepts to described the documents and
models required in different phases of data warehouse development based on the &
sumption that these documents have to be integrated in one central repository. The
DWQ approach implicitely looks at the development phases of data warehouse systems.

Another well known approach structuring the development of information systems is
the Architecture of Integrated Information Systems (ARIS)?. The ARIS framework is
characterized by different views on the development of information systems. The devel-
opment process itself is structured by three so called levels, which are characterized by
their proximity to information technology. These levels are directly related to well

known development phases of information systems. They are called Requirements defi-
nition, Design specification and Implementation description. The three levels of the data
view within the ARIS framework can be compared to the three perspectives of the
DWQ framework mentioned above. ARIS as well intends to provide conceptual views
on the requirements level, schema views on the design level and physical views on the
implementation level.

To organize the development process of information warehouses the frameworks dis-
cussed so far provide relevant information. The assumption that there exists some
opaque information system (referred to as information warehouse) matching manage-
ment’s information requirements has to be verified by stepwise transforming these re-
guirements into a logical information systems architecture in the sense of the logical
perspective of the DWQ framework? and the design specification in the sense of the

24 of. Jarke et al. (1999); Jarke et al. (2000)
25 ¢f. Scheer (1999); Scheer (2000); Scheer (1998)
2 cf. Jarke et al. (1999); Jarke et al. (2000)



ARIS framework?. This information systems architecture additionally has to match
technical and organizationa requirements characterizing the development situation ur
der consideration. Finally the components of the logical architecture have to be imple-
mented by means of physical components available on the market (physical perspective
of the DWQ framework® and implementation description in the sense of the ARIS
framework®). With respect to the DWQ and ARIS frameworks and widely accepted
development models in the literature the development phases of information warehouse
development processes are structured logically by three phases called conceptual speci-
fication, design (or programming in the large) and implementation. Any of these phases
are defined by means of development decisions characterizing the development state of
the system under consideration. The phases depend logically upon each other. The de-
velopment decisions characterizing the phases are sketched below.

It is widely accepted that any system development process has to start with the concep-
tual specification defining “what” the system under consideration should do.** The con
ceptual specification focuses on the domain the system has to work in. Thus, it has to
specify clearly the domain specific requirements in a language providing domain spe-
cific concepts which enable this specification.

The design or programming in the large phase is generally accepted as the second de-
velopment phase.®* The design has to specify the system’s components and the resulting
system’s architecture. Typically decisions concerning the logical database model*> and
the user interface® are made in this phase. The architecture of the system describes
every component, the functions it provides and its relationships to other components.
The definition of component interfaces and the separation of a component’s definition
and its realization are core principles of this phase.

The third phase — the so called implementation phase — deals with the realization of the
previoudy defined components. Tasks in the implementation phase comprise coding,
development of algorithms and data structures as well as documentation.

Of course these phases are integrated in an evolutionary development process with
jumps back to (logically) previous phases if necessary.?* Additionally, there could be a

27 cf. Scheer (1998); Scheer (1999); Scheer (2000)

28 cf. Jarke et al. (1999); Jarke et al. (2000)

29 cf. Scheer (1998); Scheer (1999); Scheer (2000)

30 ¢f. e.g. Pohl (1996); McMenamin, Palmer (1984); Davis (1990); | EEE (1984)
31 ¢f. eg. Boehm (1981); Davis et al. (1988); Weske et al. (1999)

32 ¢f. Codd (1990); Date (1990); Embley (1998); Gupta, Horowitz (1991)

33 ¢f. Balzert (1996)

34 ¢f. Boehm (1981)



phase like maintenance. But since the phases are structured logically here and following
NAGL** maintenance can be seen as another loop of the development process itself, and
thus, another instantiation of the phases mentioned so far. For the purpose of this work
the development process of information warehouses can be explained by the three
phases conceptual specification, design (or programming in the large) and implementa-
tion.

2.3 Combining the Dimensions. IWH Development Framework

The framework developed in this section intends to clearly organize development tasks
of information warehouse development processes. Development decisions on the type
level are made in any of the three development phases. Decisions on the type level must
be based on methodical preconditions which lead to models on the meta level. Since any
development phase is required on any abstraction level the two dimensions discussed so
far (abstraction levels and development phases) can be combined in a meaningful way
to define the information warehouse development framework. Each of the two dimen-
sions is characterized by three entities (three development phases and three levels of
abstraction). Nevertheless the combination of the dimensions leads to a framework with
eight entities only because there is no meaningful design phase on the instance level.
Each of these eight entities of the IWH development framework is characterized by a
specific combination of entities belonging to the respective dimensions (Figure 2).

Any of the eight boxes as components of the iwh development framework is character-
ized by a set of development tasks and respective input and output documents. The ex-
change of models and meta information between different boxes characterizes the iwh
development process. The core idea of the concept presented in this paper is the inter-
pretation of conceptua iwh models as meta information and their usage as parameters
and meta data for components characterizing the iwh architecture. A detailed discussion
of these topicsis given in section 4.

3 ¢f. Nagl (1990)
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Figure 2: Information Warehouse Devel opment Framework

Every abstraction level in the framework describes the development of certain informea
tion objects from the conceptual specification to their formalized and detailed imple-
mentation. The type level describes the phases required to develop the information
warehouse itself. The meta level describes the development of the information ware-
house repository which serves as means to store relevant meta information of the infor-
mation warehouse. Finally the instance level describes the process of formalizing i+
formation coming up in a specific business process and the handling of this information

by the information warehouse.
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3 Conceptual Specification of Management’s | nformation Re-
quirements. Meta Information Creation

At the beginning of this chapter some introduction to the scientific background the rest
of this paper is based on is given. Required information concerning a philosophy of sci-
ence is presented to enable an understanding of the construction and modeling of lan
guage concepts. After the language for conceptually specifying management’s informa-
tion requirements is introduced a suitable and compatible representation formalism is
presented. Finally the methodical usage of the modeling technique developed is demon
strated using a short example.

31 Scientific Background and M ethodology

Background

The relationships between models, instances and languages are analyzed in this work
based on the so called critical language approach.*® The foundation of this approach is
the constructive philosophy?*’. Main ideas of this philosophy are that any scientific a-
gumentation must be based on a so called critical language re-construction of the terms
and concepts used in this argumentation. It is not allowed (since it would not make any
sense) to use any concept that is not introduced explicitly in advance. This introduction
of termsis called a linguistic action and is performed by statements. Only if respective
definitions of concepts and terms are agreed on by a group of partners these persons
form a so caled language community able to participate in the argumentation.

The critical language approach was shown to make good use in the development of data
base systems® and software systems in general®®. Recently it was shown how this @
proach can be used in the development of information warehouse systems.*

The reason for the usage of the critical language approach in any of these works com
prises two main arguments:

1. Any information systems development has to focus the users views on the problem
domain and to specify this views in a conceptual model.

36 ¢f. Holten (1999); Ortner (1997); Lehmann, Jaszewski (1999); Wedekind (1981)

37 ¢f. Kamlah, Lorenzen (1992); Lorenzen (1987); Lorenzen (2000)

38 ¢f. Wedekind (1979); Wedekind (1981); Wedekind, Ortner (1977); Wedekind, Ortner (1980)
39 ¢f. Ortner (1997); Ortner, Sollner (ObMe) (1989); Ortner, Sollner (Dict) (1989)

40 ¢f. Becker, Holten (1998); Lehmann, Jaszewski (1999); Holten (1999)



2. This conceptua model has to be constructed stepwise based on critical language re-
constructions of the concepts and terms used in the domain under consideration. **

For data oriented information systems the so called object type method was introduced
to support the critical language construction of conceptual models.*> In works of
SINzIG* and HOLTEN** it was shown how the respective constriction operations can be
used to develop entity relation ship models (The respective construction operations for
ER models are introduced in the next sectionof this paper).

The importance of the defined levels of abstraction (see section 2.1) for the topic under
consideration and their relationships to the critical language approach can be demor+
strated with the following example: Specifying a management view on business proc-
€SSeS IS seen as a credtive task here. It comprises two main linguistic actions which
show that this modeling task cannot be automated: First a model component is created
as an instance by the modeler (e.g. the model component called Region). Second this
(new) object is declared explicitly as belonging to a certain class of objects (e.g. Region
is declared to be a member of the class DIMENSON). The first linguistic action is
called anomination (creating an object characterized by an unique identifier) the second
oneis caled a predication (declaring explicitly with a statement that this object belongs
to a certain class). In terms of information systems modeling nominations (as linguistic
actions) create so called instance of-relations.

The second kind of linguistic actions relevant for the current purpose (predications) also
has its counterpart in information systems modeling. Predications (as linguistic actions)
create so called is a-relations. By means of the modeler's statement “Region is a
DIMENSON” the unigue model component Region is assigned to the language class
DIMENSON (predication). This of course means that Region is intended to have al
characteristics members of the class DIMENSONS have based on its definition (e.g.
that they are structured hierarchically, see the following section).

Following the critical language approach there must be an agreement on the meaning of
theterm DIMENSION before it is used in the statement “Region isa DIMENSON”.
Otherwise this statement does not make any sense since nobody would know what is
meant by DIMENSION. Defining the term DIMENSON as class of the language is a
linguistic action (nomination) as well. This action defines the language construct which
is given the unique name DIMENSION. It creates a new instance called DIMENS ON of

41 ¢f. Ortner (1997); Lehmann, Jaszewski (1999)

42 ¢f. Ortner, Sollner (ObMe) (1989); Wedekind (1979); Wedekind (1981); Wedekind, Ortner (1977)
43 ¢f. Sinzig (1990)

44 ¢f. Holten (1999)
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aclass called object type. Object type of course is a class on a higher level of abstraction
than DIMENSION and Region. The set of object types defining the language under cor+
sideration can itself be represented by another model (e.g. M2). Components of model
M2 thus represent language concepts of L1 (see Figure 1).

Methodol ogy

The conceptual specification of management’s information requirements for informa-
tion warehouses is seen as a specific requirements engineering task in this paper. Never-
theless as in any requirements engineering project a domain specific language is needed,
which provides the concepts for the requirements specification.*> In the DWQ approach
development processes are argued to belong to the main determinants of data warehouse
quality. Concerning the conceptua model and its integration with other perspectives
(conceptual, logical, physical; see section 2.2) language concepts and respective rela
tionships are presented in this approach.

The goal of the next section is to give an overview of an elaborate language and meta
model intended to support the conceptual specification of management’s information
requirements.*” The language is the core component of a method for information ware-
house development. The language itself comprises two aspects®®: The conceptual aspect
defines the language concepts with their meaning and relationships. The second aspect
is called the representational aspect and relates representation formalisms to the lan
guage concepts. This intention of two language aspects can be found in the information
systems literature as well. E.g. RUMBAUGH ET AL.* define the language concept class as
a central term of the static view of the unified modeling language (UML) by means of
the statement: “A class is the description of a concept from the application domain or
the application solution”*°. A respective representation formalism is presented after de-
fining the concept class.

In the following section the conceptual aspect of a language intended to specify man-
agement’s information requirements and the respective meta model are constructed. A
suitable and compatible representation formalism is presented in the section 3.3. With
respect to Figure 1 (see section 2.1) language L1 on the type level is the matter of inter-
est here. This language will be constructed methodically based on the critical language
approach sketched above. It is important to remark that the idea of developing models

4 cf. Pohl (1996); Jarke et al. (1993)

4 f. Jarkeet al. (1999)

47 cf. Becker, Holten (1998); Holten (1999); Holten (DW2000) (2000)
48 ¢f. Holten (Mobl S2000) (2000)

49 ¢f. Rumbaugh et al. (1999)

%0 Rumbaugh et al. (1999), p. 25
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based on the critical language approach normally is applied to construct information
systems models like model M1 on the type level of Figure 1 in section 2.1. Nevertheless
as shown by HOLTEN>! the language used to create models (e.g. language L1 on the type
level in Figure 1) itself has to be developed based on this methodical approach. The goal
of developing a so called domain specific language is to provide an instrument which is
more suitable for the domain under consideration (in our case the conceptual specifica
tion of management’s information requirements in the development of information
warehouses) as a so called domain neutral language like e.g. UML.%? A domain specific
language is expected to better fit the requirements in the modeling process since it pro-
vides language constructs which are more powerful in the current domain compared to
domain neutral languages. It thus supports the creative task of constructing the concep-
tua model specifying information requirement’s of the management in the way that
required model components can be expressed more easily.

With respect to Figure 1 in section 2.1 the process of developing model M1 on the type
level is supported indirectly by providing more powerful language concepts of language
L1 on the same level. Additionally section 3.2 develops meta model M2 on the meta
level. Referring Figure 1 and the iwh development framework (Figure 2) the develop-
ment of a language on a certain level (e.g. the type level) which is intended to support
the process of constructing models on the same level (e.g. model M1) and providing a
model of this language on the next higher level of abstraction (e.g. model M2 on the
meta level) - both based on the critical language approach - is given the name vertical
integration of information systems development here. Using a meta model like M2 on
the metalevel of Figure 1 to integrate the phases of the development process is referring
the iwh development framework (Figure 2) given the name horizontal integration of
information systems development here. Aspects of the horizontal integration are the mat-
ter of interest in chapter 4 of this paper.

3.2 Language and Meta Model for IWH Concepts

In this section the concepts required to specify management’s information needs are
introduced based on the critical language approach sketched above. The core concepts
are constructed based on a thorough aralysis of management and accounting literature™.
The following linguistic actions are used®*:

L ¢f. Holten (Mobl S2000) (2000)

52 ¢f. Holten (Mobl S2000) (2000)

%3 seeHolten (1999) for adetailed discussion
% cf. Holten (1999); Wedekind (1981)
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Subsumption: A concept is created by statements. By means of subsumptions object
types are created in the sense of an instance-of relation. An object type defines a set
of objects. Concepts created by means of subsumptions are modeled with the entity
type symbol.

Subordination: A set of concepts is subordinated to a higher concept by statements.
By means of subordinations is-a relations are defined between object types. Is-a re-
lations created by subordinations are modeled with atriangle.

Composition: Two (or more) concepts are related by statements. By means of com
positions relationship types are created. Concepts created by means of compositions
are modeled with relationship type symbols and cardinalities in min-max notation.
Cardinalities define the complexity of relationship types. For any concept used to
define the meaning of the composition the complexity of minimum and maximum
values of the respective elements are given as zero, one or many vaues. If com
posed concepts are required to compose further concepts this is modeled by su-
rounding the respective relationship type symbol by an entity type symbol.

A summary of the concepts defining the conceptual aspect of the language together with
the required linguistic actions is given in Table 1 (see Appendix) and the resulting meta
model is shown in Figure 3. The first concept to be defined is Dimension. It is used to
create and organize the space the management’s view is composed of. There are com-
pulsory dimensions (like time and scenario) because any management view must have a
relation to time and to (optimistic or pessimistic) planning scenarios or the real busi-
ness. All other dimensions are non compulsory. To be able to cluster dimensions the
concept of Dimension-Grouping is introduced. E.g. in retailing companies it is neces-
sary to look at different aspects of locations. It could e.g. be of interest which competi-
tors have locations in the same area in order to classify the own locations according to
this situation. Other important aspects are location sites (like down town, outskirts or
island) or age and degree of modernization. From alogical point of view it is possible to
combine any of these aspects or classifications with another if these combinations are of
interest for a certain manager. It follows that these aspects are orthogonal and thus lead
to different dimensions in the sense defined above. Nevertheless a grouping of dimen-
sions is useful since there are different aspects (like site, age or competitor situation) of
one object type (e.g. location) are concerned.

Dimensions are defined by means of dimension objects. Based on the enterprise theory
of RIEBEL dimension objects can be understood as entities which are objects to a-
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rangements or examinations of the management.>> The enterprise theory provided by
RIEBEL is centered around the decision as the fundamental element.*® Any activity in an
enterprise is produced and maintained by certain decisions which therefore are the real
sources of costs, outcome and liquidity. Based on RIEBELS findings the concept Dimen-
sion-Object is introduced. From the management’s point of view some dimension do-
jects may be characterized by strong relationships to each other in the sense that they
define a certain dimension of the management’s view on the enterprise. These strong
relationships only exist because of domain specific reasons and are created by a mod-
eler. In this serse dimension objects are said to be part of a dimension’s definition. Di-
mension objects are organized in hierarchies (concept DO-Hierarchy). The concept of
DO-Hierarchy allows the construction of e.g. product hierarchies or hierarchies of re-
gions. Since dimensions are organized hierarchically it is useful to distinguish hierarchy
levels (concept Hierarchy-Level). Any dimension object is associated to one hierarchi-
cal level. To be able to define reports according to individua information needs it must
be possible to extract the required scopes from every hierarchy (concept Dimension-
Scope) and create individual combinations of these dimension scopes (concept Dimen-
sion-Scope-Combination).

The last concept required to define the structure of a management view is Reference-
Object. Reference objects are defined by RIEBEL as all “measures, processes and states
of affairs which can be object to arrangements or examinations on their own”>’. Based
on the definition of dimension hierarchies a reference object can formally be understood
as a vector with dimension objects as its coordinates. Using the formalized relations of
the meta model components the whole space of reference objects is defined implicitly
this way. From the business point of view a reference object is everything related to a
decision in a business process. An example for an instance (rol) of the concept Refer-
ence-Object is the set of cars which are sold to reselling partners in region Europe in
1999. This reference object comprises four dimensions (products, clients, region, time)
and its four coordinates are given by four dimension objects (cars, reselling partners,
Europe, 1999). Since reference objects are vectors they can also be called combined
reference objects (concept Combined- Reference-Object). The concept Reference-Object
is a generalization of the concepts Dimension-Object and Combined- Reference-Object.
Any of these concepts is comprised by RIEBELS definition given above. Nevertheless the
concept Dimension-Object indicates that some reference abjects fulfill a special role in
defining dimensions. While using combined reference objects for the definition of one
unequivocal dimension any other dimension of the combined reference object is not of

% cf. Riebel (1979)
% ¢f. Riebel (1992); Holten (1999)
7 cf. Riebel (1979), p. 869
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interest and will be ignored. E.g. while using the dimension object cars to define the
product hierarchy of the enterprise (dimension product) it is not of interest that cars as
decision objects can be characterized by many other attributes defining other dimen-
sions relevant for the management. These dimensions are ignored while defining the
hierarchical order of the dimension called product.

The next concept required is Ratio which is of fundamental importance for specifying
information in management processes. Ratios are core instruments to measure the value
of companies®®, the performance of the business™ and to analyze the financial situation
of an enterprise®. Synonyms found in the management accounting literature are operat-
ing ratio, operating figure or measure of performance. Ratios like e.g. “gross margin”
define important aspects of reference objects. Their economic meaning is clearly speci-
fied and their calculation is defined by means of algebraic expressions (e.g. “profit =
contribution margin— fixed costs’). The entire Du Pont-Pyramid with its main ratio
“return on investment” can be expressed based on algebraic expressions. Another form
of organizing ratios is used by so called ratio systems (concept Ratio-System). Ratio
systems are organized hierarchically and enable the top down analysis of one unequivo-
cal reference object according to different economical aspects relevant to the manage-
ment. E.g. the balanced scorecard presented by KAPLAN and NORTON®! is a set of ratio
systems supporting this top down analysis of reference objects in the strategic perform-
ance measurement process. Since the balanced scorecard organizes ratio systems hierar-
chically further concepts are required to be able to express this situation.

Finally the concepts defining the space of reference objects and the concepts concerning
ratios as aspects of reference objects must be connected. Doing this a type of informa-
tion relevant to the management is defined. Only if a clear definition of required ratios
is given and this set of ratios is connected to a set of reference objects the definition of
information relevant to the management is complete. For this purpose the new concept
Fact which goes beyond the characteristics of the concepts defined so far is introduced.
This concept is the core component required for the specification of management’s in-
formation needs. Any other concept introduced is required only to define clearly what is
meant by the concept Fact. Defining a fact therefore requires the definition of a refer-
ence object (e.g. the former mentioned set of cars which are sold to reselling partnersin
region Europe in 1999) and connecting this to a given ratio (e.g. profit).

8 ¢f. Copeland et al. (1990)

59 ¢f. Johnson, Kaplan (1987); Eccles (1991); Lapsley, Mitchel (1996); Kaplan, Norton (1997); Kap-
lan, Norton (1996); Kaplan, Norton (1992)

60 ¢f. Brealey, Myers (1996)

61 ¢f. Kaplan, Norton (1997); Kaplan, Norton (1996); Kaplan, Norton (1992)
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The conceptual aspect of the language constructed so far is shown as a meta model in
Figure 3. An extension of this language supporting the integration with technical a
pects is given in section 4 of this paper. The meta mode shown (and its extensions) are
the basis for the development of tools supporting the conceptual definition of an infor-
mation warehouse out of a management’s perspective. It is located in the box called
IWH Meta Modd of the framework presented in section 2.3 (see Figure 2).
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Figure 3: Meta model of language for information warehouse concepts

3.3 Representation and Technique for IWH Concepts

To be able to mode the conceptual information warehouse model out of the manage-
ment’ s perspective representation formalisms are required which consistently instantiate

62

see Table 1in Appendix for construction details
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the meta model developed in the previous section. A second requirement concerning a
representation formalism is that it must be able to support discussions with the man-
agement. It thus should be easy to read and understandable for management users which
are not interested in technical details like e.g. data warehouse database schemes. The
modeling technique presented here is based on works of HOLTEN and KNACKSTEDT®,
The representation elements required are summarized in Table 2 (see Appendix).

The first representation elements to introduce concern dimensions and groupings of
dimensions which are represented as boxes similar to entity types in the ERM approach.
Symbols with sets of little boxes inside represent dimension groupings the other boxes
represent dimensions. ldentifiers are presented above the respective symbols. The asso-
ciation between dimensions and dimension groupings is represented by the line between
the respective boxes. If al dimensions of a certain grouping of dimensions are selected
no dimension is shown in the model to avoid information overflow. Dimension objects
and their hierarchies are represented as trees. The associations of dimension objects to
dimensions and their hierarchical levels are instantiated based onthe dimensions ident -
fiers given as their names. The levels of dimension hierarchies and their order are i+
stantiated implicitly. Dimension scope combinations are represented by an unequivocal
identifier and the respective scopes of any dimension involved.

The set of reference objects is represented using a relationship type symbol surrounded
by an entity type symbol. This set is defined implicitly since it can be calculated as car-
tesian product out of the hierarchies of dimension objects and the dimension scope
combinations. The role of dimension objects as coordinates for reference objects is rep-
resented by the line connecting the dimension symbols with the reference object sym-
bol. Using this convention the space of reference objects relevant for the report under
consideration is specified.

Ratios are represented as algebraic expressions and ratio systems as trees. The associa-
tion of aratio with a ratio system is represented by simply using it to make up the re-
spective ratio system’s tree. The tree itself also represents the hierarchical order within
the respective ratio system. Ratio systems are identified by their names and additionally
symbolized by boxes similar to entity type symbols with numbers inside.

Finally facts are represented as relationship type symbols connecting sets of reference
objects (e.g. sales) and Ratio-Systems (e.g. DuPont ROI). A concrete set of facts defin-
ing a report relevant for management’ s decisions is defined implicitly this way.

63 ¢f. Holten (1999); Holten, K nackstedt (1999)



—-20-—

34 Method for IWH Concepts. Creating IWH Meta I nformation

After having provided a language and a representation formalism for conceptually mod-
eling an information warehouse the methodical usage of these instruments can be dem-
onstrated with an example. Creating the conceptual information warehouse model as a
development task is located in the box IWH Model (see Figure 2) of the development
framework presented in section 2.3. As discussed in section 3.1 the development of the
conceptual model should be based on the critical language approach. This approach thus
is followed twice in this paper: First we constructed the language to model conceptual
information warehouse models (language L1 on the type level of Figure 1) based on this
approach in section 3.2, second we demand that the methodical usage of this language
and the respective modeling technique provided in the last section is based on the criti-
cal language approach as well. This second point deals with the construction of models
on thetype level, eg. M1 in Figure 1. The methodical creation of a conceptual model of
the information warehouse comprises the following steps:

1. The dimensions and the hierarchies of dimension objects they are composed of must
be defined and stored in the respective library. In Figure 4 this is shown on the left
hand side for the dimension called “ Sales Organization Hierarchy” in the upper wir-
dow.

2. After having defined the dimension groups the dimensions belong to, combined ref-
erence objects required for a certain report can be constructed. The dimensions and
dimension groups required are selected and combined to the reference object needed
(right hand side of Figure 4).

3. To enable individual and management task oriented supply with information, d-
mension scopes are created and combined to the respective dimension scope
combinations for the report under consideration. In the example of Figure 4 this is
shown for a dimension scope combination called “Car Sales Parts of Europe” where
the needed parts of the hierarchy defining the “ Sales Organization” are selected and
copied to the bottom window. Eg. the manager responsible for EXCOM'’s car sales
in Germany only requires the subset comprising the regional sub-hierarchy of all
subordinated nodes of the node “Germany”. On the other hand there may exist an
other subset “Europe-South” for the management colleague responsible for car sales
in the whole southern region of Europe. Since both managers are responsible for
(different parts of) EXCOM'’s car sales their different regional subsets are combined
with the same (unique) subset “Cars’ of the dimension hierarchy that defines the
logical structure of EXCOM’s product portfolio. In this way any possible combina-
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tion of dimension objects can easily be defined according to individual information
requirements.

Ratios are defined from the business point of view and by the respective algebraic
expressions in the case that a ratio must be calculated based on other ratios. Ratios
are stored in libraries. These libraries guarantee that any ratio is used with one de-
fined meaning and are helpful in overcoming the problems of homonyms and syno-
nyms which is of fundamental importance in real world information warehouse pro-
jects. Figure 5 shows an algebraic expression for the ratio “Profit” (Ieft hand side).

Ratio systems relevant for the management tasks the report under consideration is
intended to support are created based on the ratios available in the respective library
(Figure 5 left hand side).

. The ratio system required for a certain report is connected to the required reference
object which leads to the creation of the facts needed for this report. Fig. 5 shows
this for the report “ Sales’.
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4 Horizontal Integration of I nformation War ehouse Develop-
ment: Meta Information Use

This section shows how conceptual models of information warehouses created based on
the approach presented in section 4 can be used as meta information in the ongoing
process of development, maintenance and usage of the information warehouse. The
term horizontal integration indicates a re-usage of the conceptual model in later devel-
opment phases with respect to the development framework discussed in section 2.3 (see
Figure 2). For demonstration purposes the remarks in this chapter refer to the relational
database model as far as the data warehouse scheme is concerned. This database model
just serves as an example and was used as platform for an information system prototype.
The ideas presented can be transferred to any other technical environment relevant ©
the purpose of information warehousing. Concerning the development phases the gen-
eral design decisions characterizing these phases are of interest here (see section 2.2).

4.1 Enlargement of Language and Meta M odel

With respect to the layer oriented information warehouse architecture discussed in sec-
tion 1 it is assumed here that all components required to make up an information ware-
house (oltp system, etl tool, data warehouse database management system, olap tool) are
available on the market. For demonstration and prototyping purposes SAP R/3 was used
as operational ERP system, Informatica PorwerMart as etl tool, the data warehouse da-
tabase was implemented using the Oracle 8 database management system and tools
from MicroStrategy where used to implement the relational olap environment. The larn+
guage is enlarged to integrate concepts introduced in section 3.2 with parts of the meta
databases of the components used to realize the information warehouse. Concepts to
express the input side of the etl tool and the transformation rules of the upload process
are not the matter of interest here. Additionally it is assumed that queries required to get
data out of the data warehouse are generated by the olap tool. An elaborate meta data
approach discussing these technical aspects of the information warehouse environment
in more detail is presented by STOHR ET AL.%4.

The enlargement of the language concerns concepts to describe simple data gructures
and standard queries. The respective concepts are summarized in Table 3 (see Appernt
dix) and the resulting meta model is shown in Figure 6. The first concept introduced for
the technical aspects of the information warehouse is Data Attribute. Data attributes are
used in any data model to characterize data. There are two specializations of data attrib-

64 cf. Stohr et al. (1999)
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utes relevant here concerning ratios (concept Ratio Attribute) and keys to identify data
(concept Key Attribute). Ratios introduced as concepts of the conceptual model in sec-
tion 3.2 are used to identify management oriented aspects of an information object
within the database. Correspondingly dimensions as conceptual terms are interpreted as
keys on the technical layer. The next step is to interpret dimension objects of the con
ceptual model as parts of the keys used to identify data on the technical layer (concept
Partial Key). These partial keys become members of key instances (concept Key In-
stance) which in relation with ratio attributes are used to identify instances of facts
(concept Fact Instance) in the database.

The connection of conceptual model and technical aspects of the information warehouse
leads to the concept Fact-Query. This concept describes the relation between concept
Fact defining a type of information for the conceptual model and concept Fact Instance
specifying values stored in the database. Based on the construction presented any navi-
gation discussed within the context of data warehousing and olap (drill down, dicing,
ranging etc.) can be explained as movement between sets of facts on the conceptual

level by means of the concepts RO-Structure and Ratio. The concept RO-Structure (see
Table 1 in Appendix) alows the specification of movements from one reference object
to another whereas the concept Ratio specifies aspects (ratios) required to complete the
definition of aview for the management. If a set of factsis specified as result of a navi-
gation operation on the conceptual level the corresponding values of these facts (defined
by means of the concept Fact Instance on the technical level) are queried in the database
(concept Fact-Query). Fact queries are combined to reports (concept Report). The con
ceptual structure of a report thus is explained by a set of facts relevant for a certain
management task on the conceptua level while its instantiation is done by means of fact
queries.

The integrated meta model of the language enlargement is shown in Figure 6. The cor+
cepts Ratio, Fact, Dimension and DimensionObject show the integration with the meta
model of Figure 3.
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4.2 Meta Information Repository and Development T ool

Based on the meta model constructed in section 3.2 a repository intended to store con-
ceptua models of information warehouses can be developed. The enlargement of the
language concerning technical aspects of the information warehouse in section 4.1 al-
lows the integration of conceptual information warehouse models with meta data used
as parameters by components the information warehouse is implemented with. This
meta data integration requires a comparison of models describing the meta data of n-
formation warehouse components (e.g. etl tool, olap tool) with the meta model devel-
oped in this paper. This could lead to serious problems if the meta models of the com-
ponents are not documented in the required form. It then would be necessary to reengi-
neer these meta models by analyzing the respective repositories. The development of
the repository storing information warehouse concepts itself is a standard software en-
gineering task. The meta model has to be transformed into a repository scheme. This
tool development process itself is not the matter of interest here. Obviously the main
concepts discussed so far (e.g. dimensions, dimension groupings, dimension objects
etc.) lead to relational tables in the repository scheme (provided the repository is real-
ized on arelational database management system as platform).
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The following relation schemes are used for demonstration purposes in the next extions.
They are excerpts of a (possible) repository scheme. Attributes defining keys are under-
lined.

D nmension (D-1D, D-Nanme, DG-I D)

D mensi onGroupi ng (DG |1 D, DG Nane)

Di mensi onCbj ect (DO 1D, DO Nane, DO-Father-1D, D-1D, HL-1D)
Di mensi onScope (DS-1D, DS-Nane)

DO DS-As (DO-I1 D, DS 1D)

Di mensi onScopeConbi nati on (DSC-1D, DSC-Nane)
DS-DSC As (DS 1D, DSG ID)

Ratio (R 1D, R-Nane, Cal cul ati onExpression)

Rati oSystem (RS-1D, RS- Nane)

R-RS-As (RID, RS-I1D, RID Father, RS-I1D- Father)
Facts-Report (FR ID, Report-Nane, DSC-1D, RS ID)

Figure7: Example for relational schemes of repository

With respect to the development framework proposed in section 2.3 the resulting reposi-
tory scheme is located in the framework box IWH Repository Scheme & Parameters.
This framework box is characterized by models and documents on the meta level (see
Figure 1) and development decisions concerned with the design of an information sys-
tem. Three classes of parameters are of interest with respect to the information ware-
house architecture discussed in section 1:

DWH parameters serve for the creation of the database scheme of the data ware-
house database.

Etl parameters are used to specify the upload process for the corresponding opera-
tional data.

Olap parameters serve as basis for the generation of queries to navigate within the
data warehouse.

Additionally this framework box contains the software architecture describing the com-
ponents required to support the process of information warehouse development based
on the approach presented here. All components are realized prototypically and operate
on the basis of a central repository. The following components are required:

The IWH Designer provides a graphical interface to develop conceptual information
warehouse models based on the language and representation formalism presented in
sections 3.2 and 3.3. The designer is used to fill the libraries of dimensions and their
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hierarchies, to define dimension scope combinations, to create combined reference
objects, to define ratios and ratio systems and finally to define reports as sets of facts
by combining ratio systems with reference objects. Section 3.4 briefly sketched
these tasks and Figure 4 and Figure 5 showed screen shots of the IWH Designer.

Another tool specifies the so called data warehouse parameters and generates (sug
gestions of) the data warehouse database scheme (see section 4.3.1). Dimensions
and dimension groups of the conceptual model are transformed into relation
schemes for the data warehouse database scheme and respective create table state-
ments are generated. Finally the resulting dimension tables can be popul ated.

Based on the data warehouse database scheme the target structures the etl tool hasto
write in can be derived and the respective meta data can be gererated (etl parame-
ters) and be written into the etl tools meta database (see section 4.3.2). The map-
pings completing the definition of the etl process must be added by a technical engi-
neer.

Finally the meta data required for the olap tool (olap parameters) can be generated
based on the conceptual information warehouse model. Components of the concep-
tual model (like e.g. dimension objects, dimension scopes, dimension scope combi-
nations, ratios and ratio systems) must be transformed into components provided by
the olap tool (e.g. templates, filters and metrics in the case of MicroStrategy) and be
written into the respective meta database (see section 4.3.2). Meta data describing
the data warehouse' s database scheme also must be written into the olap tool’ s meta
database.

Development activities concerned with the implementation of the repository storing
information warehouse concepts and the tools discussed above and sketched in section
3.4 are located in the box IWH Repository Sructures & Programs of the development
framework (see Figure 2). These activities create and maintain models and documents
(e.g. program structures and program code) on the meta level (cf. Figure 1) within the
implementation and usage phase of the information system intended to support the de-
velopment of information warehouses.

4.3 Using Meta I nformation

Having provided the language, technique, methodical steps and the respective tool syp-
port for information warehouse development processes in the preceding sections the
methodical usage of meta information within information warehouse development proc-
esses can be discussed. With respect to the development framework shown in Figure 2
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(see section 2.3) this usage of meta information is called horizontal integration since
documents and models developed in the conceptual specification phase are (re-)used as
meta information and parameters in the later development phases. The horizontal inte-
gration of information warehouse development refers to the boxes on the type level of
the development framework.

Development decisions located in the framework box IWH Scheme & Parameters are
concerned with database scheme design and the definition of meta data used by infor-
mation warehouse components (like etl tools and olap tools) as parameters. The follow-
ing remarks use the relational model as example to explain the re-usage of conceptual
models as meta information.

431 DataWarehouse Parameters

These parameters are specified within the design phase of the information warehouse
development process. Suggestions for data warehouse parameters can be derived out of
the conceptual models. A completely automated generation of database schemes is not
useful since the data warehouse engineer must be able to react on technical and project
specific requirements which are not specified in the conceptual model. On the other
hand the warehouse engineer must have the possibility to maintain the warehouse sche-
me e.g. to speed up query processing if the database has grown in its usage phase.

Decisions concerning DWH parameters and their horizontal integration with the
conceptual specification phase are demonstrated in the following using the example of a
denormalized snowflake scheme. Respective design decisions could be demonstrated
based on any other database model as well (e.g. a multi array oriented implementation
of so called multi cubes based on flat file systems). The intention here is to show in
which way development decisions belonging to different phases of the information
warehouse development process (and thus are located in different boxes of the devel-
opment framework shown in Figure 2 on the type level) can horizontally be integrated
based on meta information.

Figure 8 shows an example of a denormalized snowflake scheme. Fact instances rele-
vant to management are stored in a central fact table. Dimension tables structure data of
business relevant dimensions with respect to aggregation needs. E.g. products are struc-
tured hierarchically in product groups. There is a dimension table for any aggregation
level (e.g. product level, product goup level). The scheme is denormalized since infor-
mation describing e.g. product groups is stored both on the product group and the prod-
uct level (see e.g. tables LK-Product and LK -Product Group in Figure 8). By using for-
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eign key relations the fact table is related to the root of every dimension defined as the
bottom level table of the respective dimension (LK-Town, LK-Product, LK-Date, LK -
Client). The scheme shown in Figure 8 is characterized as snowflake since the root table
defining dimension time (LK-Date) has foreign key reations to three logicaly inde-
pendent branches within the dimension time. Thus, a given date is related to one week
(LK-Week), to one month (LK -Month) and finally to one weekday (LK-DayOfWeek).

| LK-Region | LK-ProductGroup

Region: char —» ProductGrouplD: char
ProductGroupDesc: char

LK-Country

Country: char LK-Product

Region: char [—*| ProductiD: char
ProductDesc: char
LK-Country 1 ProductGrouplD: char
District: char ProductGroupDesc: char

Country: char
Region: char

LK-Town Facts

Town: char <_| — ProductID: char

District: char Town: char
Country: char Date: char
Region: char Client: char
Sales: integer

LK-ClientGroup KDate

ClientGroupld: char Dt o
ClientGroupDesc: char ate: char
Month: char

LK-Client Year: char
Week: char
DayOfWeek: char

Clientld: char
ClientName: char
ClientGroupld: char
ClientGroupDesc: char

LK-Week

LK-DayOfWeek
DayOfWeek: char

LK-Year

Year: char
LK-Month

Month: char  [¢—
Year: char  |¢—

Figure8: Data Warehouse Scheme

Decisions concerning the development of a data warehouse database scheme in the case
of a snowflake scheme comprise the following tasks:

Definition of the fact table attributes.

Definition of the bottom level for every dimension.

Definition of branches within every dimension.

Definition of hierarchical levels of every branch of every dimension.
Definition of foreign key relations within every branch of every dimension

Since the language (and the meta model) introduced in section 3 guarantee a properly
structured conceptual model of the information warehouse (which could e.g. be stored
based on the repository scheme shown in Figure 7) it can be used to generate sugges-
tions for the database scheme in the following way (cf. concepts defined in Table 1):

Definition of fact table attributes



In the following it is assumed, that the dimensions of the database scheme are generated
based on dimension groups (concept Dimension Grouping). The dimensions of the con-
ceptual model (concept Dimension) will then lead to different branches of the dimen-
sion of the database scheme which corresponds to the respective dimension group of the
conceptual model. This makes sense since the fact table under construction should be as
small as possible. The set of required dimensions for the database scheme can be calcu-
lated based on the repository scheme given in Figure 7 by means of the following sim-
ple relationa expression.

p DG-ID, DG - Name (Dimenson Grouping).

These dimensions define the key attributes required for the fact table. The attributes
required for measures can be calculated by means of the following expression where
only base ratios are used. The calculation of complex expressions has to be performed
by the ROLAP tool.

sR-ID,R- Nane(CaqulaIbnExpressbn:NlL) (RatIO)

Definition of the bottom level for every dimension

Since dimension groups of the conceptual model are transformed into dimersions of the
data warehouse scheme the dimensions of the conceptual model become branches
within the resulting snowflake scheme. For this reason the relationships of the hierar-
chies' leaves defining dimensions of the conceptual model must be analyzed. The con
cept of DimensionGrouping (see Table 1) was defined to characterize different aspects
of one unequivocal object type. Leaves of the hierarchies of dimension objects defining
dimensions of one dimension groups are thus differert representations of the same set of
objects. From an algebraic point of view there exist isomorphisms relating every object
on the bottom level of one dimension of a dimension group to every other dimensions
bottom levels of the same dimension group. What follows is that there exist equivalence
classes with respect to these isomorphisms. These equivalence classes define the bottom
level of the dimensions in the data warehouse scheme since they are related to the dif-
ferent branches of the snowflake scheme characterizing the respective dimension. For-
mally this can be stated as follows:

Givena dg .1 DimensionGrouping

The set of dimensions belonging to this dimension group is given by

A:s (06=T5) (Dimension)
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The set of al dimension objects which are leaves in any dimension are given by the next
expression provided the lowest hierarchical level isindicated as“1”.

B S -y (Dimenson Object)

Joining sets A and B leads to the set of all dimension objects which are on the bottom
level of the dimension group under consideration

C:Ap<, B

Now it is important to note that the relation scheme called DimensionObject (see Figure
7) is used to store the equivalence classes of dimension objects in the way mentioned
above. What follows is that the unequivoca key for tuples of this relation scheme is
given by combining the three attributes DO-ID, D-1D, HL. By means of this key the
different representations of objects used to define the respective dimensions are identi-
fied. These dimension objects are related on the bottom level (HL = 1) by isomor-
phisms. To identify the respective equivalence classes the (partial) key DO-1D can be
used. Using this the required set of equivalence classes used to define the bottom level
of the respective dimension “dgy,” of the data warehouse database scheme is given by

D :pDO—ID (C)
Definition of hierarchical levels and foreign key relations within the dimensions

Using statement

A:s (DG=T00) (Dimension)
again the required branches of the database scheme dimension “dg,” can be obtained.
Joining this set with relation DimensionObject leads to the set of all dimension objects

of the database scheme dimension under consideration:
E:A <y, DimensonO bject

To calculate the hierarchical levels within this dimension and the required foreign key
relations only a sub set of information is required given by the following expression:

p (DO- ID, D-1D,HL-1D, DO-Father-1D) (E)

As shown the logic of the management view on the business which is specified by
means of the conceptual model can be transformed into suggestions for the database
scheme based on the rules discussed above. Any technical specification of data types
and attributes relevant for the implementation of this scheme is independent of the logic
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defined within the conceptual model. Database engineers have to make their decisions
concerning these aspects in the implementation phase.

4.3.2 Etl and Olap Parameters

Etl tools use (parts of the) meta data defining the data warehouse scheme as parameters
for the data warehouse upload process. An approach to model technical meta data for
data warehousing environments is proposed by STOHR ET AL.°°. According to this g
proach some examples of meta data are shown in Figure 9. Note that this kind of nota-
tion (Figure 9) is another way of representing the same information shown in Figure 8.
Nevertheless Figure 8 is a representation which is used by human software designers,
whereas the structure shown in Figure 9 is oriented at the relationa database model.
Both kinds of representation are located in the framework box called IWH Scheme &
Parameters (see Figure 2) if development decisions are the focus of interest. From a
technical point of view this information is located in the etl tool and olap tool reposito-
ries. Since both forms of representation show the same information concerning meta
data describing database schemes the rules for the suggestion of the data warehouse
scheme based on the conceptual model (see section 4.3.1) can be applied to generate
suggestions for these meta data as well.

DS-Type
DataStructure DS-Type DS-DWH-Function
Facts relational table | fact table
LK-Town relational table | dimension table
LK-District relational table | dimension table

DS-Attributes Dimensions

DataStructure| Attributes | A-Type Table Dimension
Facts Product Char LK-Product Products
Facts Town Char LK-ProductGroup | Products
Facts Date Char LK-Town Region
Facts Client Char LK-District Region
Facts Sales Integer LK-Country Region
LK-Region Region
LK-Town Town Char LK-Date Time
LK-Town District Char LK-Month Time
LK-Town Country Char LK-Year Time
LK-Week Time

LK-DayOfWeek | Time

[ForeignKey-Associations |

Attribute Primary Foreign

ProductiD LK-Product Facts

ProductGroupID | LK-ProductGroup | LK-Product

Country LK-Country Lk-District

Country LK-Country LK-Town

Year LK-Year LK-Date

Year LK-Year LK-Month

5 cf. Stohr et al. (1999)



Technical development tasks concerned e.g. with the definition of data types and other
technical parameters depend on the components used to implement the information
warehouse. They are the matter of interest within the implementation phase. These tasks
are located in the framework box IWH Structures & Programs (see Figure 2) on the
type level. While implementing an information warehouse the parameters discussed
above are used to specify exactly the tasks of etl and olap tools. Based on a short exam-
ple thisis shown in the following.

The sales transaction introduced in section 2.1 is booked in EXCOM'’s oltp system (©®
Figure 10) and has to be transformed into the integrated data format of the data ware-
house using the etl tool. For this purpose meta data describing the oltp systems' data
structures are read by the etl tool. Providing these meta data is a technical task which is
beyond the scope of this paper. The sales transaction could e.g. be stored in a set of SAP
R/3 tables or any other data source (@ Figure 10). The next step is to read the meta data
describing the data warehouse scheme to determine the target structures and the e
quired data formats for the data warehouse upload (® Figure 10). In our example the el
tool will find that the required information must be stored in the fact table. This meta
information can be provided based on the rules discussed in section 4.3.1. Finally etl
tools need meta data to define required transformations (called mappings in the case of
Informatica) of source data into data warehouse data (® Figure 10). This is the third
kind of meta data stored in the etl repository. Again, these meta information cannot be
generated out of the conceptual model of the information warehouse. The source data
may be stored in any data type in the oltp system and must e.g. be transformed into
character strings for the key attributes of the fact table and into integer format for the
sales attribute. In the example the row stored in the fact table will be composed of the
following attribute values, where “xxx“ indicates xxx to be a character string: (Product:
“4711"; Region: “Muenger’; Date: “19991108"; Client: “Westfdia Cars’; Sales:
28.000).
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Figure10:  Information Warehouse Load

Reading oltp data, transforming them and writing them into the data warehouse in an
integrated format are the next steps for the etl tool to perform (®, ® Figure 10). These
tasks of the etl process are performed periodically. Examples of fact data stored in the
fact table are given in Figure 11. Data stored in the etl repository serve as functional
parameters for transformation and integration routines of the etl tool (and thus are b-
cated in framework box IWH Scheme & Parameters). Data stored in the fact table of the
data warehouse or in the oltp systems data store are both located in the framework box
IWH Data on the instance level. The information generated within the business process
is located in the framework box 1WH Information on the instance level (see Figure 2).

Facts

Product Town Date Client Sales |...
4711 | Muenster |[19991108 | Westfalia Cars | 28.000
4711 | Dortmund [ 19991107 | Phoenix 28.000
4712 | Muenster |[19991105 | Westfalia Cars | 31.000

LK-ProductGroup
ProductGroup | ProductGroupDesc
1 Cars
2 Equipment
3 Sparks
4 Electronics
LK-Product
Product | ProductDesgProductGroup| ProductGroupDesc
4711 | FunRacer 1 Cars
4711 | Compact 1 Cars

4813 | Spoiler 2 Equipment

Figurel1l: Information Warehouse Data

In order to instanciate reports and multidimensiona views for the management the olap
tool is used. Reports are defined based on concepts provided by the olap tool (e.g. fil-
ters, metrics and templates in the case of MicroStrategy) and these definitions are stored



in the repository of the olap tool. Using these concepts as parameters in connection with
the meta data describing the data warehouse scheme the olap tool transforms structured
report definitions into SQL statements and sends these queries to the database manage-
ment system of the data warehouse (®, @ Figure 12). These SQL queries are located in
the framework box IWH Structures & Programs of the development framework (see
Figure 2).

IWH IWH
Schema & Parameters Structrures & Programs
Presentation Tier
— ®
IWH ROLAP @
Parameters Engine
DWH 6
DBMS
[
ROLAP
%\2{: Engine
Cache
IIWH
Data

Figure 12:  Information Warehouse Usage

1999 Sales Europe in
Mi.EURO

Products | Sales

Figure13:  Desired Report Structure

Figure 13 as a (very simple) report definition prescribes that any data is needed that
belongs to the period year 1999 and gives information about sales in EURO for any
product. This report definition can be specified with a conceptual model (cf. Table 1 for
the concepts) by means of the dimensions “time”, “region” and “products’ (concept
Dimension), the dimension objects “1999”, “Europe” and “al” for these dimensions
(concepts Dimension, Dimension-Object, D-DO-ASs) and the ratio “Sales’ (concept R
tio). The required metainformation can be generated out of the conceptual model of the
information warehouse by means of the following rules (cf. the repository scheme in

Figure 7):



A report is conceptually defined by means of a so called dimension scope combination
and a respective ratio system (see section 3.2). Ratios (called metrics in the case of Mi-
croStrategy) of a certain report can be determined by the expression

F:Ratio >< g ) (R- RS- As>< g, Facts- Report)

Required dimension objects together with their dimensions and hierarchy levels are
given by the expression

G: DimensgonO bject ;5,5 >< (DO -DS-As>< 6 )
(DS- DSC-AS®>< g ) Facts - Report))

Figure 13 additionally defines the presentation structure of the report. This specification
must be added to the conceptual model as a technical parameter.

Referring to the information warehouse parameters shown in Figure 9 the attribute
“Sales’ of the data structure (the table) “Facts’ is of interest for the query generation.
Additionally the foreign key relations of the attributes “Year” and “ProductID” between
the data structures Facts, LK-Date and LK-Product respectively which are defined in
table “ForeignKey-Association” are required for the query generation. Finally data of
attribute “Date” of data structure “Facts’ can be qualified against data of attribute value
“Year = 1999" of data structure LK -Date using the foreign key relations defined in the
table “ForeignKey-Associations” (Figure 9). This meta information is used by the olap
tool (® Figure 12). It then generates complex SQL queries which read from both fact
and dimension tables of the data warehouse as well.

For the example the generation of the SQL statement proceeds as follows. Based on the
report definition the required attributes are identified (Sel ect and f r om clauses) and
the required join operations are generated based on foreign key associations (table For-
eignKey-Associations, Figure 9) leading to the main part of the wher e clause. The
value of the attribute “Year” in table LK-Date is qualified to “1999” wher e clause).
Finally the presentation structure of the desired report is used to generate the required
group by clause. To guarantee that there is only one description for one product in
the result table the max operator is used. This is necessary since it could be possible
that during the etl process some integration tasks like transforming different product
descriptions for the same product from different oltp systems into one data warehouse
representation are omitted (which could be reasonable to speed up the etl process). For
that purpose the max operator is applied to attribute Pr oduct _Desc (whichis of type
char) inthe Sel ect clausein order to choose one (arbitrary) product description for all
products with the same product id. This operator is required since it prevents the same
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product to be listed severa times in the result table if there does exist more than one
product description for one product. The second reason for this operator is that every
argument of the Sel ect clause must become an argument of the gr oup by clause
unless an aggregation operator is used. In our example SQL generated by the olap tool
could e.g. look like the following statement:

Sel ect a2.[Product |ID] as [Product _ID,
max(a2. [ Product Desc]) as [Product],
SUM al.[ Sales])) as [ Sal es]

from [ Facts] . al,
[ LK- Product]. a2,
[ LK- Date] . a3

wher e a2.[Product _ID = al.[Product_ID
and a3.[Date] = al.[Date]
and a3.[Year] = (1999)

group by a2.[Product_ID

The result sets are calculated by the database management system of the data ware-
house, formatted according to the report definition and usually cached by the olap tool
(@ to ® Figure 12). Tools on the presentation tier create formats presented to the man
agement user (@ Figure 12), e.g. the report shown in Figure 14 (where product ids are
omitted). Any olap functionality (like e.g. rotation, slicing, dicing, drill-down or roll-up)
isrealized generating SQL queries by the olap tool based on meta information as shown
above.

1999 Sales Europe in

Mil.LEURO
Products | Sales
Cars 30.000
Equipment 11.580
Sports 19.758

Electronics 23.423

@

Figure14: Report Results



5 Related Work and Discussion

The information warehouse development framework presented in section 2 is build on
the separation of three development phases which are combined with three model and
abstraction layers to organize development decisions characterizing information ware-
house development processes. Compared to the framework of the DWQ approach’® the
same phases are used. Nevertheless the abstraction layers analyzed in JARKE ET AL
and VASSILIADIS ET AL.?® are shifted upwards compared to the framework presented in
this paper. DWQ focuses the questions of quality oriented development and integration
of data warehouse components within development and change processes (see the meta
model based approach in JARKE ET AL.%°). The DWQ approach concentrates on the de-
velopment of methodologies in general with a focus on quality of developed informa
tion systems and development processes as well. For that reason the process of process
development is analyzed in more detail than in the approach presented in this paper.

The quality oriented aspect of usefulness, which concentrates on the data warehouse
access according to users' work™, has strong relations to the approach presented in this
paper. Both approaches, DWQ and the one presented here, stress the central role of the
conceptual model of the information warehouse. The main idea presented in this paper
IS to create a conceptual model of the information warehouse that fits the information
requirements of management before making any design or implementation decisions
and using this conceptual model as meta information for development decisions in later
development phases. For that purpose a method is proposed and integrated into the
framework presented. The focus is on language (comprising concepts and representation
formalism), modeling technique and tool supported method. The DWQ approach on the
other hand motivates the central role of the conceptua model to assure quality to docu-
ments and processes but does not discuss languages, techniques and methods to create
conceptual models in concrete terms.

Another approach to conceptually modeling the data warehouses is presented by
GOLFARELLI, Rizzi and GOLFARELLI ET AL."*. A graphical representation formalism for
data warehouses called dimensional fact model is formalized in this approach. Addi-
tionaly it is shown how the fact model can be developed based on given data base
schemes of oltp systems and required algorithms are presented. The focus is on the for-

66 ¢f. Jarke et al. (2000); Jarke et al. (1999) ; Vassiliadis et al. (2000)

67 ¢f. Jarke et al. (2000); Jarke et al. (1999)

8 ¢f. Vasdliadis et al. (2000)

69 ¢f. Jarke et al. (2000), pp. 128, 135

0 ¢f. Jarke et al. (2000)

1 cf. Golfarelli, Rizzi (1999); Golfarelli, Rizzi (1998); Golfarelli et al. (JCIS) (1998); Golfarelli et al.
(Hawaii) (1998)
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mal description of the conceptua model and the integration with the oltp systems. The
approach presented by GOLFARELLI ET AL. conceptually describes the structures e-
quired to design the data warehouse. Compared to the gpproach presented in this paper
the fact model approach complements the suggestions for the data warehouse scheme
generated based on the conceptual model. The approach presented in this paper can be
seen as top down gpproach since it starts with the analysis of managements information
requirements. The language concepts and representation formalism presented are i+
tended to formalize these requirements by means of concepts and terms used by the
management without any technical restrictions. In later development phases, especialy
in the design phase, this conceptual model must be transformed into a data base scheme
for the data warehouse. Technical requirements, especially limitations and possibilities
concerning the operational data sources, are core parameters of these development deci-
sions. The approach presented by GOLFARELLI, Rizzl and GOLFARELLI ET AL.”? logically
completes the approach presented in this paper sinceit is a bottom up approach alowing
the formalized analysis of oltp systems data structures and the transformation of this
analysis into a conceptual description. The integration of the two approaches could be
fruitful to come even closer to a completed method of information warehouse develop-
ment. For that purpose the language concepts characterizing the both approaches have
to be integrated by means of a meta model.

Other approaches focusing the analysis of oltp systems schemes to generate or suggest
data warehouse or data mart schemes are presented by HUSEMANN ET AL.”® and MoOODY,
KORTINK™. The approach presented by HUSEMANN ET AL.” starts by identifying reason
able measures in the oltp systems schemes whereas MooDY, KORTINK ’® start by classi-
fying the oltp systems entities. Both approaches concentrate on development decisions
in the design phase. A meta data based approach to generic graphical model design is
presented by SAPIA ET AL.”". Compared to the approach presented in this paper there is
no domain specific knowledge which can be used to create graphical notations. On the
opposite the notation discussed in this paper is developed based on the domain specific
analysis of concepts required.

72 f Golfarelli, Rizzi (1998); Golfarelli etal. (JCIS) (1998): Golfarelli et al. (Hawaii) (1998)
3 ¢f. Husemann et al. (2000)

" cf. Moody, Kortink (2000)

> ¢f. Husemann et al. (2000)

8 ¢f. Moody, Kortink (2000)

T cf. Sapiaet al. (2000)



6 Conclusion

This paper deals with methodical aspects of information warehouse development proc-
esses. The focus is on the development and usage of conceptual models. Devel opment
processes are analysed based on a framework separating three development phases and
three model and abstraction levels. This framework organizes development decisions
with respect to their logical order and shows the relationships of decisions within the
development processes to decisions of the method development process. Based on this
framework the paper discusses development and usage of methods for conceptually
modelling the information warehouse. Additionally it is shown how conceptual models
of the information warehouse can be used as meta information and parameters in the
later development phases.

Main conctributions of the paper are the discussion of fundamentals of method creation
for conceptually modellig information warehouses based on the constructive philosophy
presented by LORENZEN and KAMLAH® and the methodologica integration of concep-
tual models as meta information in the information warehouse development process.
Based on the constructive philosophy of LORENZEN and KAMLAH™ and the constructive
language approach?® the construction operators of the so called object type method are
applied to construct language concepts required for the conceptual specification of i+
formation warehouses. The respective concepts are developed based upon the domain
specific management and accounting literature. The language is intended to specify in-
formation warehouses without any technical aspects. The resulting language is modelled
on a meta level and a representation formalism for the language is presented. The
method for conceptually modelling information warehouses is completed by defining
modelling tasks and their logical order. Central libraries are core components of this
method. The method is supported by atool which is deveoped based on the meta model
of the language constructed. A repository storing libraries and conceptual models is the
core component of the tool.

Conceptual models deveoped based on the approach presented play central roles in the
development processes since they are (re-)used as meta information and parameters in
later development phases. The paper shows how conceptual models stored in a central
repository can be transformed into meta data used by etl and olap tools available on the
market.

8 ¢f. Lorenzen (1987); Lorenzen (2000); Kamlah, Lorenzen (1992)
79 ¢f. Lorenzen (1987); Lorenzen (2000); Kamlah, Lorenzen (1992)
80 ¢f. Wedekind (1981)
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Appendix
Conceptual Aspect of | Linguistic action and meaning (Type | Meta Model Component of Model
LanguageL1 (Type |Level of Figurel) M2 (Meta Level of Figurel)
Level of Figurel)
Dimension Subsumption: Used to create and organ-

ize the space the management’s view is Dimension
composed of .




Conceptual Aspect of

Linguistic action and meaning (Type

Meta Model Component of Model

LanguagelL1 (Type |[Leve of Figurel) M2 (Meta Level of Figurel)
Level of Figurel)

Compulsory- Subsumption and Subordination: Some

Dimension, Non- dimensions like time and scenario are computsony
Cumpulsory- compulsory for any conceptual descrip- pmension Dimension
Dimension tion of management views. Any other <+[

dimension is non compulsory. The spe-
cialization is uneguivocal (symbol u)
and total (symbol t).

Non-Compulsory-
Dimension

Dimension-Grouping

Subsumption: A specific object type for
which different dimensions can be used
to characterize its aspects relevant for
the management.

Dimension-
Grouping

D-DG-As

(Dimension Dimen-
sion-Grouping Assosi-
ation)

Composition: Relationship between
concepts Dimension and Dimension-
Grouping. A certain dimension belongs
to one unequivocal dimension grouping
(cardinalities (1,1)). A certain dimen-
sion grouping comprises at least one
dimension but may comprise many
dimensions (cardinalities (1,n)).

Dimension-

Grouping (1,n)

Dimension

Dimension-Object

Subsumption: Entities relevant for man-
agement’ s arrangements and examina-
tions and part of the definition of di-
mensions in the sense that they have
strong relationships to each other from
the management’ s point of view.

Dimension-Object

D-DO-As
(Dimension Dimen-
sion-Object Associa-
tion)

Composition: Relationship between
concepts Dimension and Dimension-
Object. A dimension requires a (possi-
ble empty) set of dimension objects for
its definition (cardinalities (O,n)) and
any dimension object requiresaun-
equivocal relationship to one unequivo-
cal dimension (cardinalities (1,1)).

Dimension

Dimension-Object ===

DO-Hierarchy
(Dimension-Object
Hierarchy)

Composition: Recursive relationship
from concept Dimension-Object to
itself. For dimension objects a hierar-
chical order isrequired. Any dimension
object may have zero or one higher
dimension object (cardinalities (0,1))
and zero or many subordinated ones
(cardinalities (0,n)).

Dimension-Object

0,1)
(0,n)

DO-Hierarchy

Hierarchy-Level

Subsumption: Levels of hierarchy
dimensions consist of and dimension
objects are assigned to.

Hierarchy-Level

D-HL-As
(Dimension Hierar-
chy-Level Associa-
tion)

Composition: Relation between con-
cepts Dimension and Hierarchy-Level.
Any Dimension comprises one or many
hierarchical levels (cardinalities (1,n))
and a hierarchical level as abstract ob-
ject can be related to one or many di-
mensions (cardinalities (1,n)).

@n)

<>

Hierarchy-Level

Dimension

L.n)
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Conceptual Aspect of

Linguistic action and meaning (Type

Meta Model Component of Model

(Dimension Hierar-
chy-Level Association

Sequence)

order of he hierarchy levels associated
to adimension. Every hierarchical level
of adimension has zero or one prede-
cessor and zero or one successor. (car-
dinalities (1,0) on either side).

LanguagelL1 (Type |[Leve of Figurel) M2 (Meta Level of Figurel)
Level of Figurel)
D-HL-Sequence Composition: Thereis a unequivocal

DO-DHL-As
(Dimension-Object
Dimension-Hierarchy-
Level-Association
Association)

Composition: Relationship between
concepts Dimension-Object and D-HL-
As. Every dimension object must un-
equivocally be associated to one hierar-
chical level of the dimension it belongs
to (cardinalities (1,1)) and every hierar-
chical level of adimension must contain
at least one or many dimension objects
(cardinalities (1,n)).

Dimension-Object

(Ln)

Dimension-Scope

Subsumption: Used to define scopes out
of dimensionsrelevant for a manage-
ment view.

Dimension-Scope

DO-DSAs
(Dimension-Object
Dimension-Scope
Association)

Composition: Relationship between
concepts Dimension-Object and Dimen-
sion-Scope. Any dimension object may
or may not be member of adimension
scope (cardinalities (O,n)). Any dimen-
sion scope comprises one or more di-
mension objects (cardinalities (1,n)).

Dimension-Object

Dimension-Scope

(0,n)

DO-DS-As

@n)

Dimension-Scope-

Subsumption: Used to identify combina-

(Dimension-Scope
Dimension-Scope-
Combination Associa-
tion)

concepts Dimension-Scope and Dimen-
sion-Scope-Combination. Any dimen-
sion scope combination may contain one
or many dimension scopes (cardinalities
(1,n)) whereas any dimension scope can
be amember of zero or many dimension
scope combinations (cardinalities (O,n)).

Combination tionsof dimension scopeswhile defin- | | Tomsmor |
ing management views.
DS-DSC-As Composition: Relationship between

Dimension-Scope

Dimension-Scope-
Combination

(0,n)

(L.n)

Refrence-Object

Subsumption: Reference objects are
defined by RIEBEL asall “measures,
processes and states of affairs which can
be object to arrangements or examina-

tions on their own” &,

Reference-Object

Combined-Reference-
Object

Subsumption and Subordination: A
combined reference object is areference
object interpreted as avector.

Reference-Object|

< Reference-Object

Combined-

C-RO-Coordinates
(Combined-Reference-
Object Coordinates)

Composition: Relationship between
concepts Combined-Reference-Object
and Dimension-Object. Dimension
objects are used as coordinates to spec-
ify combined reference objects. Any
dimension object can be used as a coor-
dinate for one or many combined refer-
ence objects (cardinalities (1,n)) and any

Combined-
Reference-Object

Dimension-Object|

81

Riebel (1979), p. 869




Conceptual Aspect of
LanguagelL1 (Type
Level of Figurel)

Linguistic action and meaning (Type
Level of Figurel)

Meta Model Component of Model
M2 (Meta Level of Figurel)

combined reference object has one or
many coordinates (cardinalities (1,n)).

Reference-Object,
Combined-Reference-
Object, Dimension-
Object

Subordination: A reference objectisa
vector and then specialized as combined
reference object. Additionally arefer-
ence object can have therole of an di-
mension object and then isused to de-
fine dimensions and as coordinates for
combined reference objects. Neverthe-
less any dimension object is areference
object. The specialization of reference
objects thusis not uneguivocal (symbol
n) but total (symbol t).

Reference-Object

Combined-
Reference-Object

C-RO-

<§ourdinates

Dimension-Object|

(L,n)

RO-Structure
(Reference-Object
Structure)

Composition: Recursive relationship
from concept Reference-Object to itself.
Logically thisrelationship defines the
space of al reference objects manage-
ment views can be composed of. Any
reference object may have zero or many
higher reference objects (cardinalities
(0,n)) and zero or many subordinated
ones (cardinalities (0,n)).

(0,n) @

Reference-Object

0.n)

Ratio

Subsumption: Ratios are the instruments
to measure management relevant as-
pects of the value of an enterprise, the
business performance and the financial
situation.

Ratio

Ratio- Structure

Composition: Recursive relationship
from concept Ratio to itself. Any ratio
can become part of an algebraic expres-
sion to calculate another ratio (cardinal-
ities (0,n)) and any ratio can be ex-
plained algebraically based on a possi-
ble empty set of other ratios (cardinal-
ities (0,n)).

Structure,

©O.n)

Ratio-

Ratio

(o.n)

Operator

Subsumption: Operators are used in
algebraic expressions to define ratios.

Operator

Calculation Expres-
sion

Composition: Relationship between
concepts Operator and Ratio-Structure.
Sinceratio structures are parts of alge-
braic expressions there must be an un-
equivocal association of agiven ratio
structure to one operator (cardinalities
(1,1)) whereas any operator can be used
in zero or many calculation expressions
(cardinalities (0,n)).

Operator

©.n)

alculatio
Expressiol

Ratio-
Structure

(L1

CE-Sequence
(Cdculation Expres-
sion Sequence)

Composition: Recursive relationship
from concept Calculation Expression to
itself. To explain an algebraic expres-
sion an unequivocal sequence of calcu-
lation expressionsis required. Any cal-
culation expression must have zero or
one predecessor and zero or one succes-
sor (cardinalities (0,1) on either side).

CE-Sequence
©1

alculatiof
Xpression

0.1)
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Conceptual Aspect of

Linguistic action and meaning (Type

Meta Model Component of Model

LanguagelL1 (Type |[Leve of Figurel) M2 (Meta Level of Figurel)
Level of Figurel)
Ratio-System Subsumption: A ratio systemisaset of
ratios which enables the analysis of Rato-System
different meaningful aspects of a busi-
nesssituation.
R-RSAs Composition: Relationship between o)
(Ratio Ratio-System | concepts Ratio and Ratio-System. A Fete
Association) ratio system comprises one or many <R e
ratios (cardinalities (1,n)) and aratio
may be member of zero or many ratio Rato-System =l
systems (cardinalities (0,n)).
R-RS-Hierarchy Composition: Recursive relationship

(Ratio Ratio-System-
Association Hierar-
chy)

from concept R-RS-As to itself. Ratios
which are part of aratio system are
organized hierarchically. Any ratio as
member of a given ratio system may
have zero or one higher ratio (cardinal -
ities (0,1)) and zero or many subordi-
nated ones (cardinalities (0,n)).

©n)

Fact

Composition: Relationship between
concepts Reference-Object and Ratio.
Any reference object can be combined
with zero or many ratios and vice versa
(cardinalities (O,n) on either side).

. n)

Reference-Object

<>

(0,n)

Ratio

Table 1:

conceptual modelling

L anguage concepts, linguistic actions and meta model components —

Representation Element to
create Model M1 (type level of

Figurel)

L anguage Conceptsof lan-
guage L1 used (type level of
Figurel; see Table1)

Part of Meta Model M2 (meta
level of Figurel) instantiated
while modeling (see Figure 3)

Article Classification ~_Article Importance

Dimension, Dimension-
Grouping, D-DG-As
(Dimension Dimension-
Gouping-Association)

Dimension-

Grouping (1,n)

<>

1,1

Dimension

|5 mbax Orvizations Hermucky

=l | Dimension-Object, DO-

- Dol et D menis e
=1 MeonthenE s
[EEEET
Cobogne
sz iar
Etedtn
= Netharisndz
Aishesdar
DenHasg
- Diermask:
= Southem-Elrmpe
- Ny
- Span
el ascid
+1- Prorhagal
5 WazimnE uops
# EasanEvaope

Hierarchy (Dimension-Object-
Hierarchy), D-DO-As (Dimen-
sion Dimension-Object Associ-
ation), Hierarchy Level, D-HL-
As (Dimension Hierarchy-
Level Association), D-HL-
Sequence (Dimension Hierar-
chy-Level-Association Sequen-
ce), DO-DHL-As (Dimension-
Object Dimension-Hierarchy-
Level-Association Association)

@y

Dimension-Object
(6]

01) '
©n)
DO-Hierarchy
D-DO-

@n

Dimension

DO-
DHL-
As
(0.1)
_ﬂ_l'ﬂ_l 0.1)
' D-HL-Sequence

Hierarchy-Level




Representation Element to
create Model M1 (type level of

L anguage Conceptsof lan-
guage L1 used (type level of

Part of Meta Model M2 (meta
level of Figurel) instantiated

Figurel) Figurel; see Table1) while modeling (see Figure 3)
Diimer it S cope Combinaions Dimension-Scope, Dimension- o
IE‘alS-*s. Paiti of Euicpe ﬂ * tl Scope-Comb| nat| on, DO—DS— Dimension-Object )
= P . . . .
iy As (Dimension-Object Dimen-
e sion-Scope Association), DS @
Halin DSC'AS (D| menS| On-SCOpe Dimension-Scope o
B SRS Dimension-Scope-Combination
Association)
Dimension-Scope- | (1.1)
Combination
Reference-Object, Combined-
E‘_L Reference-Object, RO- o
e e Structure (Reference-Object U ot | @
Structure), C-RO-Coordinates | | " Reference-Object
(Combined Reference-Object RO
Coordinates)
Dimension-Object
(1n)
| o Fank RO jungheb zll | Ratio, Ratio-System, R-RS-As
= R - . P Operator CE-Sequence
i e (Retio Ramo-_system Associati- ©.m ©.D
Tureal on), R-RS-Hierarchy (Ratio Aculation
-1 Piofisw i inests . . Xpression,
= Praits Ratio- System-Association
o Hierarchy), Ratio-Structure, ]
- EderaLaphadrimsts Operator, Calculation Expres- Jratio- ™[
Bl At Turave . .
Turaer sion, CE-Sequence (Calculati- '|7
& T“ﬁ_’“: - on- Expression Sequence) ol o
1 Agseh Ratio (Ojn)
Financisi e
= EsaraCapes ©n
=1 WakingC apil
i Irrerlones )
+ - Ronca vabli: (0,n)
- Lash R-RS-As
Inlormstian | ! |
Frofits = Corctbuiedd angin - Freed Costs Ratio-System (L.n)
Du Pont ROI (english)
Fact 0. n)

Du Pont ROI (english) s for ]epor( Sales

(¢
Reference-Object

<>

(0,n)

Ratio

Table 2;

Representation Formalism or Information Warehouse Concepts

Conceptual Aspect
of Language L1
(Type Level of
Figurel)

Linguistic action and meaning (Type Level
of Figure 1)

Meta M odel Component of
Model M2 (Meta Level of
Figurel)

Data Attribute

Subsumption: Used to structure datawithin a
technical data base

Data Attribute

Ratio Attribute

Subsumption: Used to describe management
relevant aspects of data objects stored inthe

Ratio Attribute
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Conceptual Aspect
of Language L1
(Type Level of

Linguistic action and meaning (Type Level
of Figure 1)

Meta M odel Component of

Modd M2 (Meta L
Figurel)

evel of

Figurel)

data base.
R-RAttr-As Composition: Relationship between concepts .
(Ratio Ratio- Ratio and Ratio Attribute. Every ratio leads

Attribute Associa-
tion)

to one unequivocal ratio attribute and every
ratio attribute correspondsto exactly one
ratio (cardinalities (1,1) on either side).

11
< R-RAttr-As
Ratio Attribute

1)

Key Attribute

Subsumption: Used to identify data objectsin
the data base.

Key
Attribute

D-KeyAttr-As
(Dimension Key-
Attribute Associa-
tion)

Composition: Relationship between concepts
Dimension and Key Attribute. Every dimen-
sionisinterpreted as akey attribute and every
key attributeisrelated to adimension (cardi-
nalities (1,1) on either side).

Dimension

1.0
< D-KeyAttr-As

Key
Attribute 1,1)

Data Attribute, Ratio
Attribute, Key At-
tribute

Subordination: Ratio attributes and key at-
tributes are both data attributes but fulfill
different functions.

Data Attribute

atio Attribute

Key
Attribute

Partial Key

Subsumption and Subordination: The concept
Partial Key is used to create keys identifying
data objectsin the database. Every identifier
of adimension object of the conceptual layer
serves as partial key on the technical layer
(specialization).

Dimension-Object

T
<

Partial Key

Key Instance

Subsumption: Used to compose keys identi-
fying data objects in a database.

Key
Instance

Pkey-Keylnst-As
(Partial-Key Key-
Instance Associa-
tion)

Composition: Relationship between concepts
Partial Key and Key Instance. Every partial
key can be used to compose many key in-
stances and a key instance is composed of
one or more partial keys (cardinalities (1,n)
on either side).

Key
Instance

1,n)

PKey-
Keylnst-As

Partial Key

1,n)

Fact Instance

Composition: Relationship between concepts
Key Instance and Ratio Attribute. Onein-
stance of afact isidentified within the data-
baseif onekey and oneratio attributeis
given. Every ratio attribute can be used to
identify zero or many fact instances (cardi-
nalities (0,n)). Every key is used to identify at
least one or many fact instances (cardinalities

(1,n)).

Ratio Attribute o.n)

<

Fact
Instance

Key

Instance 1,n)

Fact Query

Composition: Relationship between concepts
Fact and Fact Instance. Thereis zero or one
fact instances for every fact (cardinalities
(0,1)) since there must not be avaluefor a
fact but if avalueisgiven it should be un-
equivocally given. On the other hand thereis
zero or one fact for any fact instance as well
(cardinalities (0,1)) since there are fact in-
stances possible which are not used to create
reportsto acertain time given.

01

&>

0,1
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Conceptual Aspect
of Language L1
(Type Level of

Linguistic action and meaning (Type Level
of Figure 1)

Meta M odel Component of
Mode M2 (Meta Level of
Figurel)

Figurel)

Report Subsumption: Used to giveinformation to a e
management user.

Reference Report Subsumption: Specialization of concept Re-
port. Reference reports are predefined and Reference
have certain parametersto be specified when Report
instantiated.

ad-hoc Report Subsumption: Specialization of concept Re-

port. Ad-hoc reports are instantiated without
having any parametersin advance..

ad-hoc
Report

Report, Reference
Report, ad-hoc Re-
port

Subordination: Every reference report and
every ad-hoc report is amember of concept
Report (specialization symbol t). Every report
belongs unequivocally to one of the two sub
concepts (specialization symbol u).

Reference

Report Report

ad-hoc
Report

Report Query As
(Report Query Asso-
ciation)

Composition: Relationship between concepts
Report and Fact-Query. Every report is re-
lated to at least one fact query (cardinalities
(1,n). There might be fact queries not used in
reports (cardinalities (O,n)).

Report Ln

< eport Quen

Table 3: Language concepts, linguistic actions and meta model components —

technical modelling



Arbeitsberichte des | nstituts fir Wirtschaftsinfor matik

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.
Nr.

Nr.
Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

1

2

10

11

12

13

14

15

16

17

18

19

20

21

Bolte, Ch., Kurbel, K., Moazzami, M., Pietsch, W.: Erfahrungen bel der Entwicklung
eines Informationssystems auf RDBMS- und 4GL-Basis; Februar 1991.

Kurbdl, K.: Das technologische Umfeld der Informationsverarbeitung - Ein subjektiver
‘State of the Art'-Report Uber Hardware, Software und Paradigmen; Méarz 1991.

Kurbel, K.: CA-Techniken und CIM; Mai 1991.

Nietsch, M., Nietsch, T., Rautenstrauch, C., Rinschede, M., Siedentopf, J.. Anforderun-
gen mittelsténdischer Industriebetriebe an einen elektronischen Leitstand - Ergebnisse
einer Untersuchung bei zwolf Unternehmen; Juli 1991.

Becker, J., Prischmann, M.: Konnektionistische Modelle - Grundlagen und K onzepte;
September 1991.

Grob, H. L.: Ein produktivitdtsorientierter Ansatz zur Evaluierung von Beratungserfd-
gen; September 1991.

Becker, J.: CIM und Logistik; Oktober 1991.

Burgholz, M., Kurbdl, K., Nietsch, Th., Rautenstrauch, C.: Erfahrungen bei der Ent-
wicklung und Portierung eines elektronischen Leitstands; Januar 1992.

Becker, J., Prischmamn, M.: Anwendung konnektionistischer Systeme; Februar 1992.
Becker, J.: Computer Integrated Manufacturing aus Sicht der Betriebswirtschaftdehre
und der Wirtschaftsinformatik; April 1992.

Kurbd, K., Dornhoff, P.: A System for Case-Based Effort Estimation for Sof tware-
Development Projects; Juli 1992.

Dornhoff, P.: Aufwandsplanung zur Unterstiitzung des Managements von Softwareent-
wicklungsprojekten; August 1992.

Eicker, S., Schnieder, T.: Reengineering; August 1992.

Erkelenz, F.: KVD2 - Ein integriertes wissensbasiertes Modul zur Bemessung von
Krankenhausverweildauern - Problemstellung, Konzeption und Realisierung; Dezember
1992,

Horster, B., Schneider, B., Siedentopf, J.: Kriterien zur Auswahl konnektionistischer
Verfahren fir betriebliche Probleme; Mérz 1993.

Jung, R.: Wirtschaftlichkeitsfaktoren beim integrationsorientierten Reengineering: Ver-
teilungsarchitektur und I ntegrationsschritte aus 6konomischer Sicht; Juli 1993.

Miller, C., Weiland, R.: Der Ubergang von proprietaren zu offenen Systemen aus Sicht
der Transaktionskostentheorie; Juli 1993.

Becker, J., Rosemann, M. Design for Logistics - Ein Beispid fur die logistikgerechte
Gestaltung des Computer Integrated Manufacturing; Juli 1993.

Becker, J., Rosemann, M.: Informationswirtschaftliche Integrationsschwerpunkte inner-
halb der logistischen Subsysteme - Ein Beitrag zu einem produktionstibergreifenden
Verstandnis von CIM; Juli 1993.

Becker, J.: Neue Verfahren der entwurfs und konstruktionsbegleitenden Kalkulation
und ihre Grenzen in der praktischen Anwendung; Juli 1993.

Becker, K., Prischmann, M.: VESKONN - Prototypische Umsetzung eines modularen
Konzepts zur Konstruktionsunterstiitzung mit konnektionistischen Methoden; Novem-
ber 1993



Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Nr. 40
Nr. 41

Nr. 42

Schneider, B.: Neuronae Netze fir betriebliche Anwendungen: Anwendungspotentiale
und existierende Systeme; November 1993.

Nietsch, T., Rautenstrauch, C., Rehfeldt, M., Rosemann, M., Turowski, K.: Ansétze fur
die Verbesserung von PPS Systemen durch Fuzzy-Logik; Dezember 1993.

Nietsch, M., Rinschede, M., Rautenstrauch, C.: Werkzeuggestiitzte Individualisierung
des objektorientierten Leitstands ool ; Dezember 1993.

Meckenstock, A., Unland, R., Zimmer, D.: Flexible Unterstiitzung kooperativer Ent-
wurfsumgebungen durch einen Transaktions-Baukasten; Dezember 1993.

Grob, H. L.: Computer Assisted Learning (CAL) durch Berechnungsexperimente; Janu-
ar1994.

Kirn, St., Unland, R. (Hrsg.): Tagungsband zum Workshop "Unterstiitzung Organi sato-
rischer Prozesse durch CSCW". In Kooperation mit Gl -Fachausschuf3 5.5 "Betriebliche
Kommunikations- und Informationssysteme” und Arbeitskreis 5.5.1 "Computer Suppor-
ted Cooperative Work", Westfédlische Wilhelms-Universitét Minster, 4.-5. November
1993

Kirn, St., Unland, R.: Zur Verbundintelligenz integrierter Mensch-Computer-Teams.
Ein organisationstheoretischer Ansatz, Mérz 1994.

Kirn, St., Unland, R.: Workflow Management mit kooperativen Softwaresystemen:
State of the Art und Problemabrif3;, Mérz 1994.

Unland, R.: Optimistic Concurrency Control Revisited; Mérz 1994.

Unland, R.: Semantics-Based Locking: From Isolation to Cooperation; Mérz 1994.
Meckenstock, A., Unland, R., Zimmer, D.: Controlling Cooperation and Recovery in
Nested Transactions, Méarz 1994.

Kurbel, K., Schnieder, T.: Integration Issues of Information Engineering Based I-CASE
Tools, September 1994.

Unland, R.: TOPAZ: A Tool Kit for the Construction of Application Specific Transac-
tion; November 1994.

Unland, R.: Organizational Intelligence and Negotiation Based DAI Systems - Theoreti-
ca Foundations and Experimental Results; November 1994.

Unland, R., Kirn, St., Wanka, U., O'Hare, G.M.P., Abbas, S.: AEGIS: AGENT ORI-
ENTED ORGANISATIONS; Februar 1995.

Jdung, R., Rimpler, A., Schnieder, T., Teubner, A.: Eine empirische Untersuchung von
Kosteneinflul¥faktoren bei integrationsorientierten Reengineering-Projekten; Mérz 1995.
Kirn, St.: Organisatorische Flexibilitét durch Workflow-Management-Systeme?; Juli
1995.

Kirn, St.: Cooperative Knowledge Processing: The Key Technology for Future Organi-
zations; Juli 1995.

Kirn, St.: Organisationa Intelligence and Distributed Al; Juli 1995.

Fischer, K., Kirn, St., Weinhard, Ch. (Hrsg.): Organisationsaspekte in Multiagentensy-
temen; September 1995.

Grob, H. L., Lange, W.: Zum Wandel des Berufshildes bel Wirtschaftsinformatikern,
Eine empirische Analyse auf der Basis von Stellenanzeigen, Oktober 1995.



Nr. 43

Nr. 44

Nr. 45

Nr. 46
Nr. 47

Nr. 48

Nr. 49

Nr. 50

Nr. 51

Nr. 52

Nr. 53

Nr. 54

Nr. 55

Nr. 56

Nr. 57

Nr. 58
Nr. 59

Nr. 60

Nr. 61
Nr. 62

Nr. 63

Abu-Alwan, |., Schlagheck, B., Unland, R.: Evaluierung des objektorientierten Date-
bankmanagementsystems ObjectStore, Dezember 1995.
Winter, R., Using Formalized Invariant Properties of an Extended Conceptual Modd to
Generate Reusable Consistency Control for Information Systems; Dezember 1995.
Winter, R., Design and Implementation of Derivation Rules in Information Systems;
Februar 1996.
Becker, J.: Eine Architektur fir Handelsinformationssysteme; Mérz 1996.
Becker, J., Rosemann, M. (Hrsg.): Workflowmanagement - State-of -the-Art aus Sicht
von Theorie und Praxis, Proceedings zum Workshop vom 10. April 1996; April 1996.
Rosemann, M., zur Mihlen, M.: Der Lésungsbeitrag von Metadatenmodellen beim

V ergleich von Workflowmanagementsystemen; Juni 1996.
Rosemann, M., Denecke, Th., Pittmann, M.: Konzeption und prototypische Realisie-
rung eines Informationssystems fiir das Prozef3monitoring und -controlling; September
1996.
v. Uthmann, C., Turowski, K. unter Mitarbeit von Rehfeldt, M., Skall, M.: Workflow-
basierte Geschéftsprozefdregelung al's Konzept fur das Management von Produktent-
wicklungsprozessen; November 1996.
Eicker, S, Jung, R., Nietsch, M., Winter, R.: Entwicklung eines Data Warehouse fur das
Produktionscontrolling: Konzepte und Erfahrungen; November 1996.
Becker, J., Rosemann, M., Schiitte, R. (Hrsg.): Entwicklungsstand und Entwicklungs-
perspektiven Der Referenzmodellierung, Proceedings zur Veranstaltung vom 10. Marz
1997; Mérz 1997.
Loos, P.: Capture More Data Semantic Through The Expanded Entity-Relationship
Model (PERM); Februar 1997.
Becker, J., Rosemann, M. (Hrsg.): Organisatorische und technische Aspekte beim Ein-
satz von Workflowmanagementsystemen. Proceedings zur Veranstaltung vom 10. April
1997; April 1997.
Holten, R., Knackstedt, R.: Fuhrungsinformationssysteme - Historische Entwicklung
und Konzeption; April 1997.
Holten, R.: Die drei Dimensionen des Inhaltsaspektes von Flihrungsinformationssyste-
men; April 1997.
Holten, R., Striemer, R., Weske, M.: Ansétze zur Entwicklung von Workflow-basierten
Anwendungssystemen - Eine vergleichende Darstellung -, April 1997.
Kuchen, H.: Arbeitstagung Programmiersprachen, Tagungsband, Juli 1997.
Vering, O.: Berlicksichtigung von Unschérfe in betrieblichen Informationssystemen —
Einsatzfelder und Nutzenpotentiale am Beispiel der PPS, September 1997.
Schwegmann, A., Schlagheck, B.: Integration der Prozef3orientierung in das
objektor ientierte Paradigma: Klassenzuordnungsansatz vs. Prozef3klassenansatz,
Baaekniddr: 199V orbereitung.
Wiese, J.: Ein Entscheidungsmodell fur die Auswahl von Standardanwendungssof tware
am Beigpiel von Warenwirtschaftssystemen, Mérz 1998.
Kuchen, H.: Workshop on Functional and Logic Programming, Proceedings, Juni 1998.



Nr.

Nr.

Nr.
Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.
Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

Nr.

64

66
67

68

70
71

72

73

74
75

76

78

v. Uthmann, C.; Becker, J.; Brodner, P.; Maucher, |.; Rosemann, M.: PPS meets Work-
flow. Proceedings zum Workshop vom 9. Juni 1998.

Scheer, A-W.; Rosemann, M.; Schitte, R. (Hrsg.): Integrationsmanagement, Januar
1999.

zur Mihlen, M.; Ehlers, L.: Internet - Technologie und Historie, Juni 1999.

Holten R.: A Framework for Information Warehouse Devel opment Processes, Mal
1999.

Holten R.; Knackstedt, R.: Fachkonzeption von Fihrungsinformationssystemen — In-
stanziierung eines FIS-Metamodells am Beispiel eines Einzelhande sunternehmens, Mal
1999.

Holten, R.: Semantische Spezifikation Dispositiver Informationssysteme, Juli 1999.
zur Mihlen, M.: In Vorbereitung.

Klein, S.; Schneider, B.; Vossen, G.; Weske, M.; Projektgruppe PESS: Eine XML-

basi erte Systemarchitektur zur Realisierung flexibler Web-Applikationen, Juli 2000.
Klein, S.; Schneider, B. (Hrsg): Negotiations and Interactions in Electronic Markets,
Proceedings of the Sixth Research Symposium on Emerging Electronic Markets, Muen-
ster, Germany, September 19 - 21, 1999, August 2000.

Becker, J.; Bergerfurth, J.; Hansmann, H.; Neumann, S.; Serries, T.: Methoden zur Ein
fuhrung Workflow-gestitzter Architekturen von PPS-Systemen, November 2000
Terveer, |.: In Vorbereitung.

Becker, J. (Ed.): Proceedings of the University Alliance Executive Directors Workshop
— ECIS 2001

Klein et. a. (Eds.): MOVE: Eine flexible Architektur zur Unterstiitzung des Aulen
dienstes mit mobile devices. (In Vorbereitung.)

Knackstedt, R.; Holten, R.; Hansmann, H.; Neumann, S.: Konstruktion von Methodi-
ken: Vorschlage fir eine begriffliche Grundlegung und doméanenspezifische Anwen-
dungsbeispiele, Juli 2001.

Holten, R.: Konstruktion doméanenspezifischer Modellierungstechniken fur die Model-
lierung von Fachkonzepten, August 2001.

79 Vossen, G., Husemann, B., Lechtenborger, J.: XLX - Eine Lernplattform fur den univer-

sitaren Ubungsbetrieb, August 2001

80 Knackstedt, R., Serries, Th.: Gestaltung von Fihrungsinformationssystemen mittels In-

formationsportalen; Ansétze zur Integration von Data-Warehouse- und Content-
M anagement-Systemen, November 2001.

81 Holten, R.: Conceptual Models as Basis for the Integrated Information Warehouse De-

velopment, Oktober 2001.



