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Abstract\ The accounting of IT-costs is an important aspect not only in the context
of corporate cost accounting in general, but also for the management of IT.
Various approaches to IT-cost accounting exist. However, they usually are
implemented with only loose integration to the company�s IT-management. This
often causes discrepancies between the numbers used for accounting and those for
planning and operating the IT. A tighter integration of the information basis, which
the two corporate functions (cost accounting and IT-management) share, is 
suggested, to solve this problem. One way to achieve this integration, is the
implementation of cost accounting concepts in an IT-management method. 

In this paper we introduce concepts for modelling IT-costs within a domain 
specific language for the modelling of IT-landscapes. The language is part of an
IT-management method, which is currently under development. Using these
concepts, costs can be modelled on the same level of abstraction as IT-
components, thereby establishing a higher integration level between corporate cost
accounting and IT-management.

1 Introduction 

�nformation /echnologÞ (IT) in an enterprise generates a large amount of costs, which
tend to rise steadily (cf. e.g. Horv02], p.741). To identify the sources of these costs as a
prerequisite for recovering them from the users of the IT, as well as to provide a cost 
transparency, an IT-cost accounting has to be implemented. The services, which are
provided by IT, are usually not only accessed by external, but also by internal customers,
which potentially includes every division and department of a company. Due to the 
complex interrelations between the concerned IT-components, customers, services and
business processes, it is difficult to determine, which approach to IT-cost accounting 
should be adopted. This decision is further influenced by the positioning of the IT-
department in a company. The question has to be answered, whether a company sells IT-
services to internal and external customers in order to make profit (Profit 
enter), just
recovers the IT-costs from its customers (,ecoverÞ 
enter), or does not charge the costs
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at all, but only accounts for them (
ost 
enter). We cannot offer a solution to this
problem inside the scope of this paper, since it strongly depends on the concrete
enterprise. This holds for the determination of an appropriate level of detail for cost 
accounting, as well. However, aside from this decision, the actual applied approach
should be compatible with the corporate IT-management, since cost accounting of IT is
an important part of that task. Pragmatic approaches to IT-management, like ITIL1,
usually consider accounting and charging in their documentation on a rather abstract
level. Scientific approaches largely omit cost aspects in their concepts (cf. section 3). 
Hence, it is motivated to design concepts, which aim at allowing for an accounting of IT-
costs and are compatible with an IT-management method. This approach considers cost 
aspects within the context of tasks, like planning, evaluation, or optimisation of the
corporate IT, on a common level of abstraction. Thus, IT-related decision processes as
well as the valuation of an existing IT-landscape2 can be supported. 

In this paper we introduce concepts as part of a domain specific modelling language
(DSL), dedicated to the modelling of IT-landscapes. The language is complemented with
generic concepts, which can be used to model IT-cost aspects. This allows for the use of
a model of an IT-landscape as input for common cost accounting methods. In the next
section, we identify the concepts, which are required to model IT-cost aspects. 
Following, we evaluate selected approaches to the modelling of IT-landscapes with
respect to possible concepts for the depiction of cost aspects. Thereafter, we introduce 
the �/ Modelling �anguage (ITML), which is included in an IT-management method.
The method is still work in process and is developed as a part of an enterprise modelling
method, MEMO3. We present an excerpt from the meta-model of that language, which 
illustrates the concepts for modelling cost aspects. After a short application example and
a discussion of the existing restrictions of the approach, we conclude with an outlook to 
future work. 

2 I/ Cost Accounting 

Traditional costing methods (e.g. full and direct costing) usually differentiate between
direct and indirect costs (cf. [Eis99], pp. 626, [Frie04], pp. 66). Regarding IT, if IT-
components are exclusively used by one customer (e.g. one department), the according 
IT-costs can simply be attributed to this department (cost centre) as direct costs. If the IT 
is shared between several customers, the IT-costs are indirect costs and apportioned to
the customers relative to the degree of utilisation. Cost units, like CPU-time, used disk
space, number of printed pages, number of online accesses or employee hours (cf.
[Horv02], p. 740), can be used to measure the IT usage. Additionally, the cost types have
to be identified. Typical IT-related cost types are hardware, software, people,
accommodation, external service and transfers (cf. e.g. [ITIL03]), which each can be 

1 �nformation /echnologÞ �nformation �iLrarÞ. For general information about ITIL see http://www.itil.co.uk,
or e.g. [ViGu04] and [Olbr04].
2 We use the notion �/ landscape for the entirety of the corporate application landscape, the underlying IT
infrastructure and their interrelations. 
3 Multi Perspective 
nterprise Modelling, see section 4
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divided in subordinated cost elements. External service costs are caused by the use of
services provided by external parties. Transfers refer to the use of services or the
acquisition of hard- and software from other departments. In [Bart02], p. 59, people is 
interpreted as emploÞee hours invested in server operating, application support, repairs,
upgrading and development of software. In [Kirs99], p. 136, software costs are further
differentiated in costs regarding planning, design, acquisition, development, startup,
operating and maintenance of software. ITIL proposes traditional cost accounting within
its financial management module, offering a number of predefined cost types and cost 
elements, as well as a short overview of cost accounting. It is differentiated between
capital costs (e.g. hard- and software acquisition costs) and operational costs (e.g. staff,
maintenance). Beside cost types and cost units, cost centres, which are charged for their 
use of the IT, can be identified in traditional cost accounting. Typical cost centres are 
external customers or departments. 

Horv�th suggests an activitÞ Lased costing approach (ABC, see [KaCo99], or
Proâess�ostenrechnung4) in the area of IT-cost accounting (cf. [Horv02], p. 741). This
more recent costing method aims at identifying the relations between resources (e.g. IT-
components), processes and products (e.g. IT-services) and emphasises the impact of
process repetition on resource costs (cf. [Maen95], pp. 15). For this purpose, cost drivers 
are identified (cf. [Brau96], p. 53). A cost driver is a value, which quantifies the
repetitive activities necessary to produce a process output (cf. [KuLo95], p. 90). An IT-
cost driver can e.g. be the number of usages of an IT-service, consumed CPU-time or the 
amount of used disk storage, which can be used as a basis for charging the service. 

A frequently used approach for determining the overall costs, the ownership of IT
causes, is /otal 
ost of OÜnership (TCO), proposed by the Gartner Group in the
Eighties (see e.g. [Krcm00], pp. 181, [GRB04], pp. 499). In TCO, not only the initial 
acquisition costs of IT are accounted for, but also other, less obvious lifecycle costs (cf.
[Krcm00], pp. 181). The latter are called non-budgeted costs, because they do not appear
in the “book” in contrast to the budgeted costs. Some fundamental budgeted costs are
related to hardware and software procurement, software development, communication,
depreciation, support, administration, operation, installation, optimisation and
maintenance of IT. Non-budgeted costs, which are very difficult to quantify, can be
caused by negative productivity effects (delays, lack of ergonomics), system outages or a
lack of user qualification, among others. TCO aims at making IT-costs more transparent
to the user. It can be used as a planning tool by applying it to evaluate projected
investments in IT, as well.

There exist a number of further approaches to IT-cost accounting, whereas the utilised 
cost elements are largely the same. Hence, in the following the insights gained by
reviewing the selected accounting approaches are being used to formulate requirements
for concepts for modelling IT-costs. To implement a basic support of IT-accounting in a 
modelling language, the following aspects have to be considered: 

4 The German Proâess�ostenrechnung is also activity based, but differs in some aspects from the ABC. 
However, these differences have no impact on the topic of this paper and therefore are neglected in the
following. 

168



• IT-Assets 
• Personnel 
• Cost Centres 
• Cost Types 
• Cost Units 
• Additional ABC Aspects 

o Business Processes 
o Services 
o Cost Drivers

IT-Assets are basically hard- and software, which are used to provide the services and 
which generate costs. The employees (personnel) perform maintenance and support, or
use the IT respectively. Internal and external cost centres are e.g. departments and
customers in the form of people or other companies. Cost types and cost units have to be 
related to the assets in order to track costs. In consideration of ABC, business processes,
services and cost drivers have to be taken into account, as well. These fundamental
concepts should be implemented in a modelling language to allow for the modelling of
cost aspects against the background of IT-cost accounting. 

3 State of the Art 

In this section we give a short overview of selected approaches to the modelling of IT-
landscapes. We cover ARCUS, 3LGM2, PMCSS and CIM, which all include a domain
specific languages for this purpose. The evaluation of the approaches mainly focuses on 
language concepts, which are dedicated to the depiction of cost aspects. Despite the fact
that ITIL considers cost accounting of IT, it does not provide any means for modelling 
IT-landscapes. Therefore, it is omitted in this section.

ARCUS\ ARCUS5 has been developed as a method for managing software architecture
landscapes in an enterprise (see [HJTN99], [HMT02])6. It emerged as the result of a
cooperation between the �.A.S./. �mL�Ç and the 	aÞerische �andesLan�n. The method 
comprises a modelling language and a process model. A model of an IT-landscape is 
structured into four layers: the 	usiness Process Architecture �aÞer, the ProLlem 
�omain Architecture �aÞer, the �ogical Application Architecture �aÞer, and the SÞstem
Architecture �aÞer.  Neighbouring layers are connected with each other through 
interlayer relations of model elements. The consideration of business processes,
applications and hardware components in the modelling language potentially allows for 
managing cost aspects, which can be used as input for the costing methods discussed in
section 1. However, concrete concepts for that purpose are not documented. 

5 The meaning of the acronym is not given in the available publications.
6 In [HJT99], p. 2, the term architecture management is used and defined as a central service provider in an
enterprise, that ensures the compatibility of utilised IT-systems and software.
7 www.fast.de
8 www.bayernlb.de
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3L�M2\ The 3LGM2 (Three Layer Graph Based Meta-Model) is an enhancement of the
3LGM (Three Level Graph-based Model, [BAWN97]). It defines a modelling language
for the description of Hospital Information Systems (HIS). A 3LGM2-model aims at 
supporting information management tasks, especially the planning and evaluation of 
information systems, in a hospital. A model consists of three different layers (see
[WBW03a], [WBW03b] and [BHWN04]). These layers - or perspectives on the
information system - are the procedure laÞer (in [WHBN04] it is designated domain
laÞer), the logical tool laÞer and the phÞsical tool laÞer. Neighbouring layers of a model
are interconnected through relations of model elements belonging to different layers. As
with ARCUS, the available abstractions on IT-landscapes are situated on separated 
layers. However, a Lusiness process abstraction is unaccounted for. Instead, the
procedure layer provides a functional view on a HIS. Additionally, there is no support of
economic aspects on a model yet. However, such enhancements are planned for future
work (see [BHWN04]). 

PMCSS\ A method for modelling IT-landscapes has been introduced by J. Kirsch in his
habilitation ([Kirs99]). The approach aims at extending ARIS with a component for the
planning of IT-landscapes. The included language is defined by a meta-model in eERM
(extended Entity Relationship Model), which is added to the existing ARIS concepts.
The language allows for describing functions, processes, data and the organisational
structure. The level of detail regarding the attributes defined in the meta-model, which
serve to store mainly technical information about the IT, is high. In contrast, economic
aspects are solely focused on tracking costs regarding planning, design, acquisition,
development, startup, operating and maintenance of hard- and software (cf. section 2). 
These cost types are implemented as properties of particular types (like e.g. hardware 
components) and can as such not be modified according to the users needs. 

CIM\ The 
ommon �nformation Model (CIM) published by the �istriLuted 
Management /as� �orce (DMTF)9 comprises a meta-model (meta-schema) and a 
conceptual reference model (schema) for IT-landscapes. The meta-model defines the
basic concepts, which are used in the reference model for the vendor-independent
description of the components of an IT-landscape. The main design goal of CIM is the
provision of a schema, which can be mapped to LDAP-directories or databases. A CIM-
compatible database can serve as a basis for IT-management activities, especially the
administration. CIM is purely a concept for describing IT-components. The main
application scenario of CIM is using it as a schema for databases or LDAP-directories. 
Due to the absence of a Lusiness process abstraction as well as the negligence of cost
aspects, it does not contribute to cost accounting.

SummarÞ 

The briefly introduced approaches all provide concepts for the modelling of IT-
landscapes with a varying degree of detail. However, none of them provides adequate
concepts for the depiction of cost aspects, which are needed to serve as a basis for an IT-
cost accounting. Against the background of the shortcomings of these modelling

9 The specification if the most recent version 2.9.1 can be downloaded from [CIM05]. 
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approaches, we present a language for the modelling of IT-landscape, which provides
basic concepts for modelling cost aspects.

4 /he I/ Modelling Language

In this section we introduce the domain specific IT Modelling Language (ITML). 
Beforehand, we want to briefly discuss some advantages, that a DSL holds compared to 
a general purpose language (GPL) in certain scenarios (cf. e.g. [EsJa01] and [LKT04]),
in order to justify its utilisation in our context of modelling IT-landscapes. First, a GPL 
usually does not provide all required concepts for the creation of a model of an IT-
landscape on an appropriate level of abstraction. Concepts, like hardÜare device or
application, have to be invented by the modeller using the general purpose concepts (e.g. 
class in UML) of the given language. This implies that all the domain specific
properties, like constraints and valid relations to other model elements, have to be
specified by the modeller. Obviously, this proceeding comprises significant potential for 
conceptual errors or inconsistencies. Furthermore, the abstract depiction of the domain 
using a GPL potentially results in models, which are difficult to understand by anyone
but the modeller. The concepts used for depiction most likely do not correspond to the 
Weltanschauung of possible addresses, and therefore may not be as helpful to serve as a
basis for a discussion about the depicted domain, as required10. Another advantage of an
elaborated meta-model of a DSL as the core language definition, is that modelling tools
can check the validity and integrity of any model formulated in the given dedicated 
language on the basis of that meta-model11.

The ITML is part of a modelling method, which aims at supporting tasks related to the 
management of IT, as they are part of any corporate �/-management, information 
management and �/-controlling12. These activities can be roughly categorised as 
operational and strategic ­including tactical®. Typical operational activities are the 
implementation of IT-landscapes and their administration. Strategic activities are the
planning and design as well as the evaluation (including optimisation) of the corporate
IT. An important prerequisite for a successful performing of the above mentioned
activities is the provision of analysis concepts. Possible analysis tasks, which the method
aims to cover, can be attributed to the categories data provision for inventory control and
IT-cost allocation, analysis of the IT-architecture, detection of weak spots/bottlenecks, 
and detection of integration/redundancy issues. A model of an IT-landscape serves as a 
data repository, which holds the information about the IT, which is necessary to perform
these analyses. 

10 Concepts that directly correspond to the viewer – or modeller - foster the clearness of a model (cf. [Fran97]).
11 Cf. [FrPr97], p. 24. 
12 In the following selection of references, basic IT-management activities are discussed: [ZaBr03], pp.7-8,
[StHa05]. p.427, [Horv02], p. 720, [GRB04], p. 392, [PMK04], pp. 82, [Stic01], p. 18, [Krcm00], p. 155 and
[Hein99], p. 156.
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The IT-management method is integrated in the enterprise modelling method M
MO13.
By using the MEMO modelling concepts as a framework for the integration of the IT-
landscape concepts, the available abstractions for the modelling of the organisational and
operational structure of an enterprise can be reused. This approach promises a mutual
enrichment of both methods. Chiefly due to the tight integration of the MEMO 
modelling languages14, which provide specialised, intuitive concepts for the construction
of multi-perspective enterprise models, MEMO is well suited for this task. Included
languages are the StrategÞ Modelling �anguage (SML), the OL�ect Modelling �anguage
(OML), and the Organisation Modelling �anguage (OrgML). The latter language is of
special interest in the context of this research paper. It chiefly serves to represent the
organisational structure as well as the business processes of a company. 

Figure 1: Integration of the ITML with the MEMO-Languages

4.1 Integration of the I/ML into MEMO

Since the focus of the paper is on modelling concepts, we outline the integration of the
modelling language with the available MEMO-languages, without further referring to

13 For an overview of MEMO be referred to [Fran94] and [Fran02].
14 More detailed descriptions of the MEMO languages can be found in [Fran98b], [Fran98c] and [Fran99]. 
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the overall method. Figure 1 illustrates the interrelations and interfaces between the 
ITML15 and the other MEMO languages. The MEMO-SML is omitted in the diagram,
since the strategies are implemented by business processes and hence situated on a
higher level of abstraction. The integration of the various modelling languages is
accomplished through the specification of common concepts in the meta-models of the
languages (cf. [Fran98a]). Hence, to integrate the ITML into MEMO, the meta-model of
the ITML also has to provide concepts, which it has in common with the other 
languages. The definition of the meta-models is done with the MEMO meta-meta-model. 
This provides for a fundamental compatibility of the language concepts. The same
concepts are being used to define the meta-model of the ITML. Instances of the ITML 
meta-model are the models, which are used to depict IT-landscapes. Through the
common concepts in the meta-models, an IT-landscape model has interfaces to business
process models (e.g. via the concept Lusiness process), organisational charts (e.g. via
Organisational,ole), and object models (via a class-like concept). This allows for the
depiction of support relations between IT-components and business processes as well as 
the responsibilities of certain roles for hard- or software components. OML diagrams can
be used to create object-oriented models of the information, which is being used or 
stored by applications. In the context of modelling cost aspects of IT-landscapes, 
relevant interface concepts are the Lusiness process and the organisational role.

4.2 Language Concepts for Modelling Cost Aspects 

Figure 3 shows an excerpt from the meta-model of the ITML, which focuses on the
language concepts required for modelling IT-costs. We use the UML-notation for the
meta-model, whereas the semantics of the concepts correspond to those of the MEMO
meta-meta-model (see [Fran98a]). All meta-types are direct or indirect subtypes of

lement (see Figure 2) and therefore own the properties name] description and
num�nstances. The latter enables a type on model-level to track the number of its
instances. Furthermore, a modeller can define his own value types or property types,
which basically correspond to the tagged value and attribute concepts of the UML (cf.
[OMG04]).

The meta-model in Figure 3 comprises the above mentioned interface concepts Lusiness 
process and organisational role. A business process is supported by services, which are
provided by software applications. Applications are run on hardware devices, which 
together with the applications represent the IT-assets. In the complete meta-model the
above meta-types are further elaborated to reflect the complexity of a corporate IT-
landscape and the related business processes. However, these details are omitted in this
paper, as are all other language concepts and properties, which do not directly contribute
to the topic. 

15 In [Kirc03] an early design of the language is being introduced.
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Figure 2: Core Elements of the ITML

The group of people, which are related to the business processes, e.g. as administrators 
or operational employees, can be modelled by using Person/Þpe. Cost centres, e.g.
departments or external customers, are implemented as Organisational1nit and

ÝternalPartner.
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Figure 3: Excerpt from the ITML Meta-Model with Focus on Cost Concepts

The relation of organisational units, external partners and types of persons to a business
process is realised by the meta-type ProcessParticipation, which is connected to the
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organisational role, the other types can play. Thus, properties of the relation can be 
encapsulated in a distinct relation type. To allow for a responsibility-relation between
organisational units and applications or hardware devices respectively, without having to
consider the concerned business processes, two associations responsiLle for are included.
Additional concepts are �ocation and Accommodation, which represent the
accommodation of hardware at a location. 

Figure 4: Interrelations of Cost Concepts 

Also included in the meta-model are cost types, which are related to the respective
elements, which generate the costs. Included cost types are personnel, hardware, 
software, accommodation and non-budgeted costs. Transfer and external service costs,
which are mentioned in section 2, are not explicitly included, since they are aggregated 
costs of the other types. In Figure 4 the cost types are shown as specialisations of the
abstract meta-type 
ost/Þpe. In general, the differentiation of the cost types on meta-
level can be problematic, since the interpretation of their semantics is not standardised in
the context of IT-cost accounting. Thus, the presented abstractions are subject to critical 
reviews and possible future modifications, if applicable. 

Every cost type can be related to a number of cost units, which in turn are related to 
organisational roles. The owner of a role acts as a cost centre in this context. Considering 
ABC, a cost type can also be related to cost drivers. These are connected with
organisational roles as well as business processes. The meta-type �ardÜare
osts is
exemplarily specialised in a number of sub-types, which demonstrates a possible 
differentiation of that superordinated cost type. The specialisation of the other cost types
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is omitted in this figure. An orthogonal differentiation of the cost types (e.g. in capital
and operational costs) on meta-level is not considered, since this can be implemented by
the modeller on model-level according to the concrete corporate requirements.

Figure 5: A Simple Example for Modelling Costs

Figure 5 shows an exemplary, simplified model, which demonstrates how costs can be
complemented to the model of an IT-landscape. A business process WeL �orm Support
,equest, which is fully automated, raises IT-costs. The customers, which use the IT to
access a web form, fill in a support request. The resulting data is stored in a database. 
The application types ÜeL server, application server and dataLase, with one instance
each, are attributed with specific average costs, belonging to the cost types acquisition 
costs and support costs. The applications provide the necessary services for the business
process and run on hardware devices (a server for running web and application server
software and two servers for the database). The hardware devices are also attributed with 
average costs (acquisition costs and operating costs). A number of administrators, who
are involved for an average of 30 hours per month each, are attributed with an hourly
wage rate and assigned to the process. The value of the cost driver instances, which are
used to charge the cost centre, can be calculated on the basis of the IT-costs related to the
execution of the business process and the concrete values (E Users and E Online
Accesses/Month). In this example, the sole cost centre is the service department of the 
company. 
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The above introduced modelling concepts complement a language for the modelling of
IT-landscapes with cost abstractions, which are required to perform an IT-cost 
accounting. Since the concepts are designed to be generic in a way, that they fit in
various accounting approaches, the level of detail on meta-level is relatively low.
Additionally, due to the fact that the resulting models, like the one in Figure 5, are
situated on type-level, the given concrete values hold for all possible instances of a type. 
Thus, only average values can be expressed on this level of abstraction. An instance of 
the type �	Server e.g. can be expected to have average acquisition costs of 2500.- €,
whereas the actual costs of the two possible instances may differ. With this restriction in
mind, such a model may be used as a tool for planning and optimising IT-services with
respect to the costs they generate. However, to effectively integrate the concepts with the
corporate IT-accounting, concrete instances have to be included in the calculation. By
creating reference models for specific cost accounting methods, which describe the 
necessary properties of concrete instances of an IT-landscape, an interface to accounting 
can be created. Furthermore, enterprise specific models can be created to cover more 
specific requirements. Thus, a tool which stores concrete data about the corporate IT on
the basis of a reference model of the given language, can be used to extract the required 
accounting data. 

5 Summary

In this paper we introduced concepts for modelling IT-costs, which are integrated in a 
language dedicated to modelling corporate IT-landscapes. We identified the basic
concepts, which are required for the depiction of cost aspects, by reviewing common
cost accounting methods. Following, selected approaches to the modelling of IT-
landscapes were evaluated, whereas the focus was on possible included cost concepts.
Since the approaches lack most of the required abstractions, it was motivated to include
basic cost concepts in a modelling language, which is a part of an IT-management
method. 

The introduced concepts for modelling IT-costs allow for the attribution of costs of
various cost types to IT-assets, like computers and software. Furthermore, cost drivers or
cost units can be included in a model and assigned to business processes or cost centres.
This allows for providing data required for planning and optimising IT-landscapes. 
However, concepts which describe properties of concrete instances of IT-components
were not further discussed and will be introduced in a future paper. With these additional
concepts, which e.g. can be provided in a reference model, the corporate IT-accounting 
can be further supported. Furthermore, we presently support only cost accounting 
methods, which do not require information about the benefit of IT or a business process.
This excludes e.g. /arget 
osting, the 	rea�even AnalÞsis, or IT-controlling in general. 
The Lenefit-concept is not yet implemented, but is scheduled to be included in the course
of future refinements of the language. Concepts for the depiction of risks, like they are
used in the /otal 
conomic �mpact method, as well as of quality aspects have to be
developed in the future, as well. This will allow for a broader range of application of the
language and further improve the usability of the overall IT-management method. Also
planned is the implementation of the language concepts with a meta-modelling tool. 
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