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Abstract The paper presents a method for multi-
perspective enterprise modeling (MEMO) and a correspond-
ing (meta-) modeling environment. An extensive analysis
of requirements for enterprise modeling serves to motivate
and assess the method. The method is based on an elabo-
rate conception of multi-perspective enterprise models and
on an extensible language architecture. The language archi-
tecture is comprised of a meta modeling language and an
extensible set of integrated domain-specific modeling lan-
guages (DSML). The DSML are supplemented with process
models and with guidelines for their reflective use. The cor-
responding modeling environment integrates editors for var-
ious DSML into multi-language model editors. It includes a
meta model editor which enables the convenient use, devel-
opment and extension of the set of supported DSML and
supports the generation of respective graphical model edi-
tors. Thus, it also serves as a foundation for method engi-
neering. MEMO covers both software engineering as well
as social, managerial and economic aspects of the firm. The
presentation of MEMO is supplemented with a compara-
tive overview of other approaches to enterprise modeling.
The paper concludes bys summarizing fundamental techni-
cal, epistemological and political challenges for enterprise
modeling research and discusses potential paths for future
research.
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1 Introduction

Information systems can be regarded as a key instrument for
organizing and managing the firm: They enable new patterns
of division of labor and coordination of work. At the same
time, they are a pivotal instrument for initiating and per-
forming business transactions. In addition to that, informa-
tion systems need to be accounted for in strategic planning:
Not only do they support the creation of new products and
services, they may even enable entirely new business models
that create sustainable competitive advantage. Despite their
undisputed relevance for managing the enterprise and their
potential for improving its competitiveness, the development,
introduction, maintenance and management of information
systems remain a substantial challenge for many firms. On
the one hand, this challenge results from the peculiarities of
information systems as information technology (IT) artifacts.
On the other hand, the challenge is created by the growing
awareness that focusing on IT alone is not sufficient. Instead,
exploiting the potential of IT will often require changing the
organizational action system. At the same time, IT is not only
an enabler of organizational change. It may also inhibit it, if
information systems lack flexibility. Therefore, it is widely
undisputed that designing and managing information sys-
tems recommend accounting for both, the peculiarities of
complex IT artifacts and of the organizational action system
that needs to be supported. As a consequence, designing and
managing information systems require people with different
professional skills to collaborate effectively, which is not triv-
ial to accomplish, since “the frequent cultural chasm between
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business people and information technology professionals”
that Keen [32, preface] complained about 20 years ago, has
still not been overcome.

Various developments of the last two decades respond to
these challenges. In business practice, the need for “busi-
ness IT alignment” has been recognized as a key success
factor. In many companies, the head of IT—usually a person
with a clear technical background—has been replaced by IT
managers that are expected to regard IT as a service to sup-
port the business. Both in academia and business practice,
the increasing awareness of business processes as a foun-
dation for the joint analysis and design of a firm’s organi-
zation and its information system has arguably contributed
to dismount the walls between IT and business. Computer
Science, especially the fields of requirements analysis and
software engineering, has produced various approaches to
conceptual modeling as an instrument for systems analysis
and design that help with reducing complexity and foster
the involvement of prospective users. However, the focus
of these approaches is clearly on designing software sys-
tems and not on co-designing them with the organization of
a firm. This is different in Information Systems where it is
constitutive to not regard an information system as an end in
itself, but always as an instrument to improve organizational
performance and competitiveness. Business process mod-
els provide an important abstraction to serve this purpose.
Respective languages do not only support the representation
and analysis of business process models, some of them—
such as BPMN—also allow for the specification of work-
flow schemata. However, business process models cover a
narrow focus only. The development of information systems
that are mutually adjusted with the business and that account
for strategic options requires including more aspects of an
enterprise. The term “enterprise model” that was created in
the late 1980s of last century addresses this demand. Early
approaches focused in particular on the design of computer-
supported manufacturing systems [2,67] or more general on
the design of business information systems. The latter com-
bined business process modeling with data modeling [50] or
with object-oriented approaches [9,11,13]. Since the early
days, the focus of enterprise modeling has been extended
to also address the configuration and management of exist-
ing IT infrastructures. Although the relevance of modeling
the enterprise is widely undisputed in Information Systems,
the field is not in a coherent state yet. There is no unified
conception of enterprise models and corresponding methods.
Research is fragmented into different fields such as Informa-
tion Systems, Computer Science and Artificial Intelligence.
Also, ideas concerning use scenarios for enterprise modeling
and related benefits vary to some extent.

Against this background, the paper pursues two inter-
related objectives. On the one hand, it aims at contribut-
ing to a coherent conception of enterprise modeling by
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analyzing characteristic requirements and objectives, by sug-
gesting a foundational technical terminology and by identify-
ing prospects and challenges of future research. On the other
hand, a particular method for multi-perspective enterprise
modeling (MEMO) is presented in detail. It is to substantiate
the general considerations by suggesting a comprehensive
structure for an enterprise modeling method and a corre-
sponding tool architecture. Also, MEMO serves to illustrate
the range of actual and prospective use scenarios. Finally, the
method shows how to supplement an engineering approach
to enterprise modeling with concepts that account for pecu-
liarities of action systems. The paper starts with develop-
ing a common foundation for enterprise modeling. For this
purpose, high-level objectives and related requirements are
considered and stepwise refined by looking at enterprises as
action systems. The structural elements of MEMO are then
introduced with respect to the previously analyzed require-
ments. Subsequently, the prospects and challenges of using
enterprise models at run-time are illustrated by a conception
of future enterprise software systems. The presentation of
MEMO is complemented with a brief overview of related
research. Finally, key elements of a future research agenda
are suggested that reflect the prospects of enterprise mod-
eling, but also fundamental technical, epistemological and
political challenges.

2 Objectives, terminology and core requirements

Early contributions to enterprise modeling had three initial
assumptions in common:

o The realisation of efficient business information systems
recommends the joint analysis and design of the software
system and the corresponding action system.

e The complexity of both, software system and action sys-
tem, recommends developing appropriate abstractions.

e Co-designing information system and action system
requires involving people with different professional
backgrounds and different agendas. As a consequence,
there is need for abstractions, i.e., models, that represent
particular views. Furthermore, there is need for overcom-
ing communication barriers between the various stake-
holders.

These assumptions lead to a first definition of the term “enter-
prise model”:

An enterprise model comprises conceptual models of
software systems, e.g., object or component models, that
are integrated with conceptual models of the surround-
ing action systems, e.g., business process models or strat-
egy models. Action system and information system are
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not limited by the boundaries of a particular organiza-
tion. Instead, an enterprise model may represent inter-
organizational aspects as well.

Note that in recent years the term “enterprise architecture”
has been introduced with a similar intention. While it is some-
times used with a special focus on high-level abstractions to
address upper management, various definitions of the term
(e.g.,[35,62]) correspond with the above conception of enter-
prise models. The remainder of this section serves to develop
a more elaborate conception of enterprise models and enter-
prise modeling. For this purpose, we will take a closer look
at the subject—enterprises—and analyze requirements for an
enterprise modeling method.

2.1 Basic requirements

An enterprise model is not an end in itself. On a high level
of abstraction, it serves three interrelated purposes: to pro-
mote communication and collaboration, control and change.
All three purposes are related to the information system in
conjunction with the action system. Refining these generic
purposes into high-level requirements provides a clearer idea
of how to achieve them. The complexity of information sys-
tems and action systems stresses the need for thorough analy-
sis and design. Analysis and design require concepts that
help to structure the targeted problem domain appropriately.
They also demand for concerted and purposeful guidelines
for applying these concepts.

Requirement HR1 Enterprise models should include
concepts that are suited to support the conjoint analy-
sis and design of information system and action sys-
tem. They should be supplemented by corresponding
methods.

Complexity also demands for specialization and separation
of concerns, which lead to the well-known problem of com-
munication barriers that are caused by diverse agendas and
technical terminologies. The following requirement reflects
both aspects:

Requirement HR2 Enterprise models should provide
abstractions and representations that correspond to the
professional backgrounds of prospective users. To fos-
ter communication, enterprise models should also offer
concepts that serve as common reference to diverse
groups of stakeholders.

The demand for supporting analysis and design of informa-
tion systems leads to a further high-level requirement:

Requirement HR3 Enterprise models should include
concepts that can be mapped to implementation-level
concepts according to clear transformation rules.

An enterprise model needs to represent the relevant aspects
and features of a particular firm. These relevant features may
vary to a large extent from firm to firm. Therefore, an enter-
prise model needs to be built for or adapted to the specific
requirements of a certain enterprise, which results in the fol-
lowing requirement:

Requirement HR4 An approach to enterprise model-
ing should support the convenient and safe design of
particular enterprise models. Convenient refers to the
effort it takes to realize a particular enterprise model.
Safe refers to support for model integrity.

Developing an enterprise model is a demanding project that
requires a major investment. Therefore, it is important to
account for the economics of enterprise modeling. This
includes the effort it takes to build and use an enterprise
model as well as its prospective benefits. Promoting produc-
tivity and reuse are proven approaches to reduce costs, which
directs the focus on tools:

Requirement HRS An approach to enterprise model-
ing should be supplemented by corresponding model-
ing tools. Tools should not be restricted to developing
enterprise models, but should also support their pur-
poseful use by supporting specific analysis and design
tasks.

Note that tools are also suited to promote safe and con-
venient specification and adaptation of enterprise models
(requirement HR4). However, even with sophisticated mod-
eling tools, the effort to design an enterprise model from
scratch may impose an effort too high for many firms. To cope
with this challenge, providing reusable—and adaptable—
artifacts can be an attractive option:

Requirement HR6 To reduce the costs of developing
a particular enterprise model, an approach to enterprise
modeling should include reference models.

Reference models come both with a descriptive and a pre-
scriptive claim. On the one hand, they should account for
actual features of the represented domain. On the other hand,
they are supposed to serve as a blueprint for especially effec-
tive designs. To justify an investment into enterprise model-
ing, its prospective and actual benefits need to be accounted
for. Benefits (and costs as well) depend on a range of fac-
tors that vary and cannot be controlled entirely—such as the
skills and attitudes of users. Therefore, it seems unrealistic to
demand for an approach to determine costs and benefits. Nev-
ertheless, an approach to enterprise modeling should provide
meaningful guidance.

Requirement HR7 An approach to enterprise model-
ing should contribute to the assessment of its economics

@ Springer



944

U. Frank

by clear descriptions of the intended rationale and by
providing criteria to foster the transparency of ex-ante
and ex-post assessment criteria.

2.2 Peculiarities of action systems

To a large extent, the previous high-level requirements
reflect common assumptions about analyzing and designing
business information systems. However, these assumptions
remain on a superficial level as far as specific characteristics
of action systems are concerned. An action system is a system
of interrelated actions that reflect the corresponding actors’
intentions and abilities, organizational goals and guidelines,
contextual threats and opportunities, as well as mutual expec-
tations. A major research stream in Organizational Studies
was aimed at analyzing peculiarities of organizational action
systems to gain a deeper understanding of how they work and
how they can be managed and changed. This research has pro-
duced a plethora of organizational theories (e.g., [33,41,48]),
interpretative schemes (e.g., [42,63]), and methods for guid-
ing change (e.g., [3,28]). With respect to creation and use
of enterprise models, the following aspects are of particular
relevance:

Lack of transparency While the idealized conception of
an enterprise assumes clear goals, objectivity and rational
action, research in Organizational Psychology has produced
overwhelming evidence that factual enterprises often lack
this kind of transparency and coherence. Weick regards the
lack of an explicit and sound goal system as more charac-
teristic than its existence. According to his analysis, action
systems are often “saturated with subjectivity, abstraction,
guesses, ... and arbitrariness” [63, p. 5]. For our course of
investigation, this lack of transparency leads to the question
whether this is a characteristic feature of action systems that
we better account for—or an insufficiency that could be over-
come.

Contingent subject Modeling a system recommends
abstracting on aspects that are widely invariant. Organiza-
tional action systems depend on individual action and on the
respective environment. Both are not only hard to detect—
relevant parts may not be visible—but they may also be char-
acterized by substantial variety, the causes of which are hard
to dissolve. On the level of individual actions this thought
refers to unknown or varying intentions and related per-
sonal, sometimes deliberately hidden agendas. As a conse-
quence, organizational action systems are characterized by
multiple contingencies, which may be reciprocally intensi-
fied [38, pp. 148ff]. The so-called “contingency approach”
in Organization Studies [36,48] was aimed at dissolving the
factors that cause observed contingency but except for a
few correlations on the macro level, it did not produce con-
vincing results. With respect to enterprise modeling these
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sobering findings have two important implications. On the
one hand, they raise the question whether there are common-
alities beyond the dissolvable diversity (requirement HR6).
On the other hand, they show a principal limitation of enter-
prise models. While they abstract—for good reasons—from
individual actors, accounting for individual agendas may be
nevertheless relevant for developing an appropriate assess-
ment of a firm’s potential. This is even more problematic as
some actors will hide their agendas on purpose.

Pivotal relevance of language An action system is based on
communication and cooperation which in turn imply the exis-
tence of acommon language. At the same time, actions enrich
utterances with meaning and reproduce certain patterns of
reducing complexity. In other words: They constitute and
reproduce sense. “Action, perception, and sense-making exist
in a circular, tightly coupled relationship ...” [63, p. 159].
As a consequence, action systems will usually bulk against
a formal specification. The concepts they are based on are
often characterized by intentional semantics: The intentions
that they reflect, make sense only through references to the
corresponding actors’ “Lebenswelt” (literally: “life world™)
[54]—an aspect that the late Wittgenstein illustrates with a
hypothetic construction: “If a lion could talk, we could not
understand him” [64, p. 358]. Hence, describing action sys-
tems solely with formal languages goes along with the risk
of dysfunctional simplifications.

Cognitive perspectives Developing an elaborate apprecia-
tion of individual action and a framework for analyzing
enablers and inhibitors of organizational collaboration rec-
ommends accounting for individual perception and concep-
tualization. This is also the case for developing models that fit
individual cognitive styles—and account for inter-subjective
differences. The term perspectivity (“Perspektivitit” in
German), which has a long tradition in Philosophy, Psy-
chology and Sociology, serves to express that the way an
individual perceives and understands the world, his “Weltan-
schauung”, is characterized by a specific perspective, i.e., a
cognitive disposition that is shaped by socialization, expe-
riences, language games, etc. Hence, a perspective as a
psychological construct constitutes a conception of reality,
comparable to a particular viewpoint in spatial perception
[23, p. 159], which helps to reduce complexity by constitut-
ing sense [37, p. 182]. If perspectives are shared among indi-
viduals, they foster communication, otherwise they impede
communication.

Resistance to change Often, the analysis of action sys-
tems is aimed at change, e.g., to improve efficiency, to
decrease costs, etc. However, action systems—and their lin-
guistic foundations— constitute and reproduce sense, which
is essential for understanding a complex environment and for
reducing uncertainty and risk. As a consequence, action sys-
tem will often show a remarkable persistence; many actors
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will be extremely reluctant to accept or even support change
[42, p. 233ff], [46].

Relevance of symbolic context The success of action
systems depends on individual intentions, motivations and
commitment. Therefore, it is often not sufficient to focus
on organizational guidelines or governance only. Instead,
there is need to account for corporate value systems, ritu-
als, legends, common beliefs, i.e., to organizational culture
[53]. Among other things, culture is represented and medi-
ated through “symbolic actions” that are aimed at fostering
motivation and commitment [47, p. 5]. They are regarded as
a key element of managerial competence and a core prereq-
uisite of promoting organizational change by creating sense.
At the same time, they are directly related to characteristics
of a human actor such as charisma, persuasive power, empa-
thy, etc. In other words: They constitute a key success factor
of organizational change that goes clearly beyond the mere
application of enterprise models and corresponding tools.

2.3 Refinement of requirements

What is the consequence of our brief consideration of action
systems? While some may regard the peculiarities of orga-
nizational action systems as insufficiencies that need to be
overcome, others may see them as typical characteristics of
social systems that need to be accepted as such. The interpre-
tation we prefer is in between these extreme positions. First,
it is reflected by the assumption that promoting rationality
will often help to make action systems more effective—and
more attractive, too. Promoting rationality includes various
aspects thatrelate to enterprise models. It recommends foster-
ing transparency by (re-) constructing clear structures. These
do not only include a concise design of business processes
and organization structure, but also a specification of a coher-
ent goal system. A transparent goal system does not have to
be sound. However, it would make conflicts explicit. Hence,
clear (linguistic) structures contribute to decreasing contin-
gency. Note that introducing such structures depends on the
dynamics of the environment, which may require to chal-
lenge existing structures from time to time—or to introduce
less restrictive rules to better cope with uncertainty. Further-
more, rationality demands for justifying decisions. An enter-
prise model that makes underlying assumptions explicit can
effectively contribute to comprehensible justifications. Sec-
ond, the peculiarities of action systems show clear limitations
of formalization and of a mere engineering approach. It is not
feasible to reconstruct the meaning of all utterances relevant
for analyzing and understanding action systems adequately
in an enterprise model. Also, changing an action system is
not just a matter of “engineering” a better solution.

Against this background, the basic requirements presented
above need to be partially revised. First, there is need to

account for different cognitive perspectives. However, we
cannot recognize the cognitive perspectives of others with
certainty. Also, there is no need for representing partic-
ular individual perspectives. Instead, an enterprise model
should account for perspectives that are characteristic for rel-
evant groups of stakeholders. To develop representations of
principal perspectives, it is important to focus on the corre-
sponding technical language, e.g., the language of strategy
analysts, the language of sales personnel, etc., since it will
reflect characteristic goals, common practices and preferred
levels of abstraction. Concepts of these languages could be
reconstructed with a general purpose modeling language
(GPML) such as the UML. Hence, one could use the UML as
alanguage for enterprise modeling (see, e.g., [39]). However,
such an approach comes with two major drawbacks that can
be avoided by the use of a DSML: First,a GPML would com-
promise productivity because it would require reconstruct-
ing domain-level concepts from scratch—using primitive
concepts such as “class”, “attribute”, etc. Second, it would
jeopardize the integrity of enterprise models because the con-
straints that are built into the DSML would have to be defined
by model users, too.

With respect to requirement HR4 (support for safe and
convenient design), concepts of a certain technical language
should be provided by a dedicated modeling language:

Requirement RR1 An approach to enterprise mod-
eling should provide modeling languages that offer
reconstructions of language concepts characteristic for
cognitive perspectives of relevant stakeholder groups.

The notion of a modeling language allows for defining the
term “‘modeling method”, which we will use from now on as a
replacement of the more generic term “modeling approach”.
It is based on a generic conception of method:

A method is aimed at solving a class of problems. It
consists of a terminology, accepted assumptions about
successful action and a corresponding process model
that guides the course of problem solving steps.

A modeling method is a specific kind of method. It
consists of at least one modeling language and at least
one corresponding process model which guides the
construction and analysis of models, i.e., it guides the
meaningful use of language concepts.

Note that often the term “modeling methodology” is used
instead. This is, however, misleading: A methodology is a
study of methods. With respect to the contingency of action
systems and to the variety of cognitive styles, it cannot be
expected that a set of modeling methods provided with a
method to enterprise modeling would be sufficient.

Requirement RR2 There should be support for tailor-
ing methods to the needs of a particular enterprise and
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the cognitive styles of prospective users. This includes
the adaptation of modeling languages and correspond-
ing process models.

Note that this requirement also relates to tool support: Only if
modifying a modeling language is supported by tools, it can
be accomplished efficiently. To avoid the naive application of
a method for enterprise modeling, it is mandatory to account
for the peculiarities of action systems.

Requirement RR3 A method for enterprise model-
ing should stress the limitations of formalisation and
a mere engineering approach. Instead, it should sup-
plement a rational approach by emphasizing the reflec-
tive appreciation of action systems. For this purpose, it
should stress the need for comprehension and empathy
(e.g., [66, p. 20]) as well as for sense making [47,63].

This requirement shows some similarities to the assumptions
underlying so-called “agile approaches” to software devel-
opment. However, there is a clear difference: It demands for
supplementing a model-centric approach, not for overcom-
ing it (which is arguably the case for some proponents of
agile approaches).

2.4 Requirements for modeling environments

To effectively and efficiently use modeling methods, corre-
sponding tool support is required. This is for various rea-
sons: Without a modeling tool, it will be hardly possible
to verify (and guarantee) the correctness of a model’s syn-
tax. Furthermore, a tool promotes the protection of semantic
constraints and referential integrity between integrated mod-
els. In addition to that, a tool may allow for transforming
a model into further representations, e.g., implementation-
level documents. Last but not least, a tool provides support
for analyzing models and for adapting graphical representa-
tions to specific views or styles. Apart from these well-known
benefits offered by modeling tools, there are further specific
requirements. Since the set of DSML provided with a method
cannot be regarded as static, there is need for supporting the
modification of existing DSML and the creation of new ones.

Requirement TR1 A tool environment for enterprise
modeling should include a meta model editor for spec-
ifying and modifying meta models.

To actually use a new DSML, it is not sufficient to specify
its abstract syntax and semantics. Instead, a corresponding
model editor is required that also features a graphical nota-
tion. Only, if the process of creating model editors for new
or modified DSML is not too costly, it is a realistic option to
extend an existing language base.
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Requirement TR2 A meta model editor should effi-
ciently support the creation of a model editor from a
meta model. This includes the implementation of the
abstract syntax and semantics as well as the additional
definition of the concrete syntax.

It is a key characteristic of enterprise models that they inte-
grate models of various perspectives on an enterprise. To
illustrate the relationship between different models, it is use-
ful to create diagrams that include representations of these
models:

Requirement TR3 A tool environment for enterprise
modeling should allow for creating multi-language dia-
grams, i.e., diagrams that integrate diagrams of models
that were created with different DSML.

3 Multi-perspective enterprise modeling

The above considerations concerning requirements and lim-
itations of enterprise models have inspired the development
and evolution of “MEMO”, a method to guide the creation
and application of enterprise models. It is based on a con-
ception of “multi-perspective enterprise models™:

A multi-perspective enterprise model is an enterprise
model that emphasizes accounting for perspectives.

In this definition, the term ‘multi-perspective’ is purpose-
fully overloaded. The first conception of the term refers
to a cognitive perspective. It represents a specific profes-
sional background that corresponds to cognitive dispositions,
technical languages, specific goals and capabilities of
prospective users. Hence, it is not an implicit feature of an
enterprise model, but characterizes its intended purpose—
to satisfy prospective users’ perspectives. The second con-
ception refers to the representation of cognitive perspectives
within an enterprise model. The third conception stresses the
need for additional perspectives that go beyond the construc-
tion and use of enterprise models. It recommends reflecting
upon the limitations of an exclusively engineering approach
by accounting for peculiarities of action systems.

MEMO is comprised of four key elements: A high-level
framework, domain-specific modeling languages, accompa-
nying methods and tools. The high-level conceptual frame-
work represents a holistic perspective on an enterprise that
is composed of certain generic perspectives (e.g., strategy,
organization, information system) each of which can be fur-
ther detailed into various aspects (e.g., resource, structure,
process, goal). Both, perspectives and aspects can be adapted
to the needs of a particular application domain. Each aspect
of a generic perspective represents a particular perspective.
Particular perspectives can be combined to further specific
perspectives. In the exemplary framework in Fig. 1, each
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Fig. 1 High-level framework for structuring the enterprise and associated diagram types

particular perspective is illustrated by characteristic topics
of interest for analysis and design. The framework serves as
a starting point for identifying perspectives that require fur-
ther attention. To allow for more elaborate analyses, each
selected perspective is associated with a set of diagram
types. Each diagram type is associated with a set of DSML.
A diagram type in turn can be assigned to a collection of per-
spectives. Perspectives can also be supplemented and charac-
terized by typical problem classes, which can be associated
with corresponding modeling methods. Figure 1 shows a typ-
ical configuration of the framework and the corresponding
meta model.

3.1 Language architecture and meta meta model

To provide concepts that support specific analysis and design
tasks (requirement HR1) and to foster the representation
of cognitive perspectives (requirement RR1), MEMO pro-
vides a set of DSML. The DSML also promote productiv-
ity and integrity of designing enterprise models (requirement
HR4). A language architecture serves to satisfy the demands
for adaptability, extensibility and integration (requirements
HR2,RR2). It consists of a meta meta model that specifies the
abstract syntax and semantics of a meta modeling language—

the MEMO MML—and an extensible set of meta models
which serve the specification of DSML and that are specified
with the MEMO MML (see Fig. 2). The language architec-
ture also reflects the demand for fostering reuse: While the
range of reuse a specific enterprise model (M) allows for will
usually be low, the range of reuse of corresponding DSML
(M) will be clearly higher—but is still restricted to certain
domains, e.g., organizational goals or business processes.
The meta meta model (M3) can be reused independent from
particular domains.

The decision for developing a meta modeling language
instead of using an existing one was based on two reasons.
The first is a historical one. When we started with specifying
DSML, there was no adequate meta modeling language avail-
able. The second reason relates to the experience we have
gained with the specification and utilization of DSML. From
time to time, it resulted in new, partially challenging require-
ments for a meta modeling language. As a consequence,
maintaining our own meta modeling language became an
important part of our research and helped us shaping our
conception of DSML. At the same time, alternative options
that emerged during the last years turned out to be not satis-
factory for our purpose (for a comparative evaluation of UML
MOF [44], Ecore [59] and the MEMO MML see [16]). Core
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Meta Models

Models

Fig. 2 MEMO language architecture

concepts of the MEMO MML, such as the specification of
specialisation, correspond to the semantics of object-oriented
programming languages to support a clear mapping to
implementation-level concepts (requirement HR3). Among
others, specific features of the MEMO MML include support
for defining language concepts to specify intrinsic features,
language concepts to model instances and concepts to sup-
port the integration with operational information systems.
Figure 3 shows the meta meta model that serves the speci-
fication of the abstract syntax and semantics of the MEMO
MML. The different background shades—grey and white—
of the rectangles representing language concepts indicate
different levels of abstraction. For instance: Different from
“MetaEntity”, “Comment” is not a language concept, but is
instantiated only once as a supplement to a model.

While concepts such as “MetaEntity” and “MetaAt-
tribute” correspond directly to respective instances in a meta
model, “MetaAssociationLink” is introduced to allow for
the elaborate specification of associations. Each instance
of “MetaAssociationLink” is linked to exactly one instance
of “MetaEntity”—and to a further instance of “MetaAs-
socationLink”. Hence, multiplicities and role names are
defined for each instance of “MetaAssociationLink”. Also,
an optional designator can be assigned to both instances of
“MetaAssociationLink”, allowing for defining one designa-
tor for each reading direction.

Specifying a meta model—i.e., reconstructing the
technical terminology of the targeted domain—requires
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reflecting upon the ontological essence of a term. At the same
time, it recommends taking into account that instances of a
meta concept are types. Sometimes, this results in the prob-
lem that the essence of a term includes features that do not
apply directly to the type level (i.e., the Mj-level in Fig. 2).
Instead, they apply to the instances represented by a type. For
example: The meta type “Business Process” can be instanti-
ated into the type “Order Management”. Although our idea
of an order management process includes the assurance that
every particular instance has a start time and an end time,
it is not possible to express this knowledge with the specifi-
cation of the type. The problem is known in object-oriented
modeling and software development. The UML offers a con-
cept called “powertype” [45, p. 57], which, however, seems
artificial and therefore hinders its intuitive use (for a more
detailed evaluation see [16, pp. 17ff]. Atkinson and Kiihne
[4] suggest a concept which they call “clabject”: A clab-
ject can be specified using “fields” that either represent a
meta type attribute—which is supposed to be instantiated
and initialized on the type level—or a feature of instances
of the type. These two meanings of a field are differenti-
ated through so-called “potencies”. For example, the field
“startTime” within the meta type “Business Process” could
be assigned the potency 2 to express that it must not be ini-
tialized on the type level (potency 1), but only on the instance
level. The concept of “intrinsic” features or types that is part
of the MEMO MML is similar to the concept of a “clab-
ject”, however, it was designed for easier use. A (meta) type
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Fig. 3 MEMO meta meta model

may have (regular) attributes that apply to its instances or
“intrinsic attributes” which can be instantiated only with the
instances of its instances. Hence, intrinsic attributes corre-
spond to fields with a potency value of 2 in Atkinson and
Kiihne’s terminology. Furthermore, our concept covers asso-
ciations, too: An association that gets effective only with
the instances of the entity types it connects is called an

“intrinsic association”. An entity type that must not be instan-
tiated directly, but only on the level below the one it is pre-
sented on, is called an “intrinsic type”. Note that all attributes
of an intrinsic type are intrinsic by default for the entire life-
cycle of that type. Also, all associations an intrinsic type is
involved in must be intrinsic as well. The concept is specified
in the meta meta model through the attribute “isIntrinsic” in
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“MetaConcept” and the constraints C5, C6 and C15. “Obtain-
able feature” is a further concept provided by the MEMO
MML (attribute “obtainable” in “MetaAttribute”). It serves
to mark attributes which may be initialized with data obtained
from an external system, e.g., an ERP system. To foster the
distinction of meta models and models on other levels of
abstraction, the MEMO MML features a characteristic graph-
ical notation (see Fig. 4).

Conceptual models are aimed at abstraction. Hence, they
should not represent particular instances, the state and even
the existence of which may change over time. However,
sometimes it can make sense to include representations of
instances into an enterprise model. Possible examples of
instances that could be included into models are cities, coun-
tries, or organizations (e.g., a particular company). To enable
the specification of modeling languages that allow for rep-
resenting instances, a meta modeling language needs to
offer concepts that can be instantiated into types (instead
of meta types). The MEMO MML [16] provides a corre-
sponding concept—realized through the attribute “isType”
of “MetaEntity”—however, at the price of overloading the
meta meta model, which is accounted for with the constraints
C13,Cl14 and C15.

Currently the language architecture includes a language
for object-oriented modeling, OML [12]; a language for
modeling organizations, both organizational structures and
business processes, OrgML [17,18]; a language for rep-
resenting strategic aspects such as goal systems or value
chains, SML [21]; and a language for modeling IT resources
on various levels of detail, ITML [34]. Further languages
target the modeling of resources [30], the design of per-
formance indicator systems [60] or various aspects of cor-
porate knowledge management [49]. Distinguishing these
languages is mainly motivated by the need for reducing com-
plexity: While it is conceivable to define one multi-purpose
language that allows for creating all intended diagram types,
such an approach would result in a level of complexity
that could hardly be maintained anymore. The modeling
languages are integrated through common concepts. For
example, both, the OrgML and the ITML utilize the com-
mon language concept “Business Process”. In turn, corre-
sponding models are integrated through common instances
of these common concepts. For example: A model of an IT
infrastructure may refer to an order management process type
that is used in a corresponding organization model as well.
Figure 4 illustrates the integration of modeling languages
in MEMO through common language concepts. Note that
multiplicities are omitted to foster readability. Concepts of
the meta model are assigned to perspectives. Also, it is indi-
cated in which diagram types they are intended to be used.
The screenshot at the bottom of Fig. 7 in Sect. 3.4 shows a
corresponding multi-language diagram (i.e., an instance of a
diagram type).
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3.2 Support for method engineering

Enterprise models provide the conceptual foundation for sup-
porting a wide range of analyses and design tasks related to
the interplay of information system and action system. Orig-
inally, the main emphasis of MEMO was on methods to sup-
port the design of information systems that are conjointly
developed with the action system. A typical example of this
strand of research has focused on generating workflow appli-
cations, i.e., a workflow schema and additional code, from a
workflow model that refers to a corresponding object model
[29] or on the model-based development of customized elec-
tronic commerce systems [21]. In recent years, the focus
shifted from support for software development to other sce-
narios. They include the design of performance indicator sys-
tems that are integrated with business processes and business
objects [60], a modeling method to support IT management
[20], amodeling method for IT audit risk assessment [61] and
a modeling method for supporting mergers [57]. Due to the
immense diversity of problems that may be addressed with
enterprise modeling, a predefined set of modeling methods is
not sufficient. To cover a wider range of problem classes it is
required to support the tailoring of modeling methods. Spe-
cialization of existing methods is hardly satisfactory, because
it would be restricted to adding further features and would
not allow for defining entirely new process models.

3.2.1 Conceptual foundation

To promote greater flexibility, MEMO supports method engi-
neering. For this purpose, a meta model of modeling methods
can be instantiated into particular methods or projects respec-
tively. Since a modeling method consists of a set modeling
languages and at least one corresponding process model, the
meta model includes concepts to define a process model on
the macro and the micro level. Figure 5 shows an excerpt
of the meta model and an excerpt of an exemplary instan-
tiation into a particular project or method type. Note that
the process model should not be mistaken as a waterfall
model. Instead, it represents an idealized process that may
require returning to previous phases. Each phase can be fur-
ther detailed on a micro-level. For this purpose the meta
model offers concepts such as “Goal”, “Role”, “Action”,
“Position”, “Diagram” or “Resource”. Among other things
the structure includes the required input, objectives, partici-
pants, required diagram types, required actions and intended
results. Participants are specified through references to posi-
tions within a corresponding organizational chart and/or to
roles of a corresponding role model—both specified with the
MEMO OrgML.

Among other things, each phase can be assigned states of
diagram types which provide views on one or more models,
each of which is specified by one of the MEMO DSML. With
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Fig. 5 Excerpt of meta model for method engineering and exemplary instantiation

respect to the expressiveness and flexibility of the approach,
it is important that the concepts shown in the meta model are
associated with concepts in meta models of the DSML used in
a method. For instance: “Position” is part of the OrgML and
could be associated with organizational units, skill profiles,
etc. “Goal” can be associated to other goals up to those repre-
sented in a strategy model. The meta model includes various
intrinsic features that can be initialized on the My level only.
Take, for instance, the specification of the meta type “Dia-
gram”. The regular attribute “name” serves to specify the
name of a diagram type, e.g., “Business Process Diagram”.
The intrinsic attribute “name” serves to define the name of
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a particular business process diagram, e.g., “Order Manage-
ment”.
refer to a particular diagram. The intrinsic type “Employee”
can be instantiated only on the My level (which is not shown
in Fig. 5). This allows for assigning particular employees to a
specific project—which would be instantiated from a project
type. The meta type “MEMO_Model” serves to define types
of models, hence, modeling languages.

The range of possible methods can be further increased, if
one takes advantage of the extensible set of DSML: Mod-
ifying or adding DSML will allow for use scenarios not
covered by the given set of languages. This will, however,

The intrinsic attributes “created” and “lastModified”
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demand for substantially higher expertise and effort. With
respect to requirement RR3 it is important to note that the
term “method engineering” may trigger inappropriate expec-
tations. The suggested approach to guide the configuration of
amethod or the organization of a project respectively focuses
on one aspect of methods only: their analytic or rational struc-
ture. While we trust the assumption that an elaborate (not:
a bureaucratic) structure supports purposeful reduction of
complexity and thus supports analytical reasoning, we do
not think it is sufficient. In addition to the analytic part of
a method there is need for supplementary measures that are
aimed at creating sense, build trust, getting people involved,
etc.

3.2.2 Exemplary application: a method for selecting ERP
systems

The acquisition and introduction of large enterprise software
systems such as enterprise resource planning (ERP) systems
requires a major investment with a long-term impact. There-
fore, selecting a system demands for thorough analysis and
assessment. Since large enterprise software systems tend to
penetrate the entire firm, they have a clear impact on the
action system. At the same time, the organization of the
action system affects the performance of the software. Hence,
a specific enterprise model promises to serve as a useful
conceptual foundation. A corresponding modeling method
can be customized using the above approach to method
engineering. It could comprise three DSML: the strategy
modeling language (SML), the organization modeling lan-
guage (OrgML) and the language to model IT infrastruc-
tures (ITML). The exemplary instantiation in Fig. 5 shows
the macro-level process model and the refined specification
of a selected process phase according to concepts defined
in the meta model. The core of the method is aimed at the
analysis of requirements for the targeted range of ERP sys-
tems. For this purpose, the MEMO ITML includes the con-
cept “RequiredFunction”. An instance of this concept—i.e., a
type of a required function—can be assigned to a subprocess
within a business process and then specified according to the
predefined structure.

Figure 6 shows an excerpt of a corresponding business
process diagram (MEMO OrgML) that is enhanced with rep-
resentations of required functions. After required functions
have been specified for a number of business process types,
there may be need to refine and harmonize their specifica-
tions. Subsequently, the requirements are checked against
the functions provided by the candidate enterprise software
systems—resulting, e.g., in tables that serve as input for the
selection decision. While using a tool is not mandatory for
constructing and applying the method, it would certainly
contribute to efficiency and integrity. It could, for instance,
enforce that all required entries are made, check them for

plausibility and transform models into other representations
used for decision making—such as tables or drawings.

3.3 Additional support

The construction and application of customized methods
is supported by further instruments. They include refer-
ence models (requirements HR4 and HR6), a method for
designing DSML (requirement RR2), a method to guide the
assessment of economic aspects (requirement HR7) and spe-
cific approaches to account for peculiarities of action systems
(requirement RR3).

In the last 15 years, the application of MEMO has resulted
in a number of reference models for different domains.
Various reference strategy models and more than 80 cor-
responding reference process models for electronic com-
merce have been published in detail [21].! The design
and adaptation of a DSML raises a particular challenge.
Since DSML represent an artifact most prospective users are
not familiar with, it will usually be no option to directly
ask them for requirements. Instead, there is need to give
users an idea of what they could expect from a DSML
(and from a corresponding method). Our experience has
shown that use scenarios provide a suitable starting point:
Against the background of a use scenario prospective users
are familiar with, they are presented with a (mock) dia-
gram in a preliminary notation specifically conceived for
encouraging discussions with prospective language users.
To account for cognitive perspectives (requirement RR1),
the concepts represented in the diagram are reconstructed
from technical terms and from prevalent analysis approaches
prospective users can be expected to know about, such
as a balanced scorecard, a widely used conceptual tool in
management practice. The diagram then serves to jointly
develop analysis and design tasks that it could support to
address.

This process will gradually result in requirements for
refining the concepts and/or adding further ones. The cor-
responding method for designing DSML is outlined in [15].
It also provides support for typical design decisions such as
the differentiation of modeling language and model (for a
more detailed analysis see [19]). An approach that allows to
model essential aspects of potential modeling scenarios sup-
ports evaluating the economics of enterprise modeling by
increasing transparency [65].

Four dedicated approaches account for peculiarities of
action systems. At first, it is an essential characteristic of
MEMO to stress a critical stance on a naive view of action
systems. Second, language specifications include concepts

! For a comprehensive documentation of the reference models see
http://www.wi-inf.uni-duisburg-essen.de/FGFrank/ecomod/.
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Fig. 6 Example of diagram to support requirements analysis for ERP systems

to draw attention to limitations of formalization and possi-
ble dysfunctional effects (see, for instance, the specifications
of the meta types “Indicator” and “Indicator Assignment” in
Fig. 4). Third, there are language concepts that demand for
an explicit justification of modeling decisions. For example:
If a certain indicator type for measuring the performance of a
business process is specified with a respective DSML, a cor-
responding modeling concepts provides a structure (“Ratio-
naleSpec”) for describing the rationale of related modeling
decisions [60]. Fourth, process models can be supplemented
with references to dedicated instruments, e.g., workshops,
discursive assessments, etc., and additional documents,
e.g., transcripts, “rich pictures” [6], etc.
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3.4 Tool environment

The tool environment, MEMO Center, combines a set of
model editors that allow for creating multi-language dia-
grams (requirements HRS and TR3) with a meta modeling
component that supports the development of new model edi-
tors (requirements TR 1 and TR2). Originally implemented in
Smalltalk, it was later re-implemented in Java on the Eclipse
platform—primarily to take advantage of the Eclipse Model-
ing Framework (EMF) and Graphical Modeling Framework
(GMF) [24,59].

The meta model editor allows to design meta models
with the MEMO MML. The implementation is based on a
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reconstruction of the meta meta model as an Ecore instance
[16, p. 35]—representing an abstraction on the M3 level. As
soon as a meta-model is finalized, it can be transformed into
a corresponding Ecore instance—this time representing an
abstraction on the M, level.

Through the transformation, the original meta model is
finally represented as an object model that includes addi-
tional features which go beyond the mere language speci-
fication, e.g., create and delete operations or time stamps.
Subsequently, further specifications, mainly assigning the
symbols of the concrete syntax, have to be added. Finally,
the new model editor needs to be integrated with the
existing modeling environment. While this still requires
remarkable expertise and effort, the MEMO meta modeling
editor and the GMEF, it is part of, facilitate the implementa-
tion of additional model editors to a great extent. Currently,
MEMO Center lacks specific support for method engineer-
ing. Figure 7 shows the relationship between the language
architecture and the tool environment. It also illustrates the
process of generating/implementing and integrating particu-
lar model editors.

4 Related work

Based on the conception of enterprise models suggested in
Sect. 2, there are various approaches that focus on enterprise
modeling. They can be differentiated with respect to their pri-
mary purpose, the institutional context (academia, commer-
cial), the DSML and the methods they provide. The selection
is based on the assessment of two aspects: the contribution to
the evolution of the field and the correspondence to the con-
ception of enterprise modeling proposed in this paper. The
“Unified Enterprise Modeling Language” (UEML), which
resulted from an EU project and an ISO standard related to
enterprise modeling (ISO 14258:1998) are not accounted for.
Work on the UEML finished at a premature level. The ISO
standard has a focus different from the conception of enter-
prise modeling proposed in this paper. “Business Engineer-
ing” [43] is also aimed at fostering a more efficient alignment
of business and IT. It also accounts for cultural and political
aspects and puts emphasis on change management. How-
ever, while it makes use of conceptual models for this pur-
pose, it lacks a conception of enterprise model. (Meta) mod-
eling environments such as MetaCase,” the “Next Generation
Modeling Framework” [31] or Cubetto® are not part of the
comparison either: They may be used for creating enterprise
modeling tools, however, that is not their primary or only
purpose.

2 http://www.metacase.com/.

3 http://www.semture.de/de/cubetto-toolset.

4.1 Selected approaches

One of the first approaches to enterprise modeling was
presented by Zachman [67]. He used the term “information
systems architecture” in a broader sense. According to his
terminology, an enterprise model is part of an information
systems architecture. Zachman’s approach was motivated
by his experience as systems engineer and sales represen-
tative with a major software vendor. He realized that there is
need to communicate the functions and organizational effects
of complex software systems, especially of Computer Sup-
ported Manufacturing Systems to prospective customers. His
approach was inspired by an architect’s paradigm. Similar to
a building plan, he wanted to present customers and other
stakeholders with comprehensible representations of an
information systems architecture. At its core, the approach
consists of a high-level framework that differentiates roles,
e.g., “planner”,“owner”, “designer”, and topics such as
“data”, “function”, “time”, “people”. The framework was
intended to guide descriptions of an information system and
the corresponding enterprise that satisfied the perspectives of
the proposed roles. Although Zachman gives a few examples
for modeling particular perspectives, e.g., the ERM or DFD,
his framework is not accompanied by specific modeling lan-
guages. A later revision was aimed at filling this gap. Together
with the logician Sowa [56] he presented a logic-based graph-
ical language that was, however, not further developed. The
approach does not include specific methods that guide the
design and use of particular “information systems architec-
tures”.

The “Architecture of Integrated Information Systems”
(ARIS) was originally aimed at supporting the design of
information systems in industrial enterprises. To achieve
this purpose, Scheer [51] suggests a high-level framework,
referred to as “House of Business Engineering”, that dif-
ferentiates various views on a firm (“organization”, “data”,
“function”, “process”, etc.). Each view is further differenti-
ated into domain-level concepts, IT concepts and implemen-
tation. ARIS includes basically one DSML—which gained
outstanding relevance: the event-driven process chains for
modeling business processes. ARIS does not include an elab-
orate meta modeling language. For assessing the support with
further DSML and methods provided by ARIS it is recom-
mended to distinguish between the academic version that
is subject of various publications and the commercial ver-
sion that has evolved around a modeling environment, the
“ARIS toolset”. In his publications, Scheer [52] provides
meta models of the various views and also process models as
part of corresponding methods. However, both remain on a
superficial level and seem to serve as illustrations of generic
concepts only. The “ARIS toolset” includes a wider range
of further modeling languages. It is also accompanied by a
method handbook for commercial use.
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Similar to ARIS, CIM-OSA (computer integrated
manufacturing, open systems architecture) was aimed at
developing information systems for manufacturing
enterprises—with special emphasis on reuse [2]. It resulted
from a project conducted by an industrial consortium

@ Springer

funded by the European Community. The approach includes
a high-level framework that features three dimensions:
Views (“function”, “resource”, “information”, “organiza-
tion”) serve to distinguish relevant perspectives on the firm.
Different levels of abstraction stress the claim for reuse:
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“Generic*” models are suited for a wide range of enterprises.
“Partial” models are suited for a restricted range, e.g., a cer-
tain industry, and “particular” models are specific to a partic-
ular enterprise. Evolutionary phases represent the process of
ahigh-level method for developing information systems from
enterprise models. CIM-OS A suggests templates to represent
views, but it does not include DSML. Similar to Zachman,
CIM-OSA is not further developed anymore.

SOM (“Semantic Object Model”) by Ferstl and Sinz [10]
has its primary focus on supporting the development of infor-
mation systems and corresponding action systems. For this
purpose, the authors follow a paradigm that is chiefly influ-
enced by systems theory. They also emphasize the use of
economic concepts, such as “business transaction”. SOM
includes a set of rudimentary DSML—for process model-
ing and for object-oriented modeling. Its main contribution,
however, is an elaborate analysis and development method
that follows a systems theory approach.

Different from the other approaches, DEMO (“Dynamic
Essential Modeling of Organizations”) does not primarily
take a top-down approach to analyzing enterprises. Instead,
its main focus is on individual action, patterns of interaction
and the role of language. DEMO [7] builds on various theo-
retical approaches in the Social Sciences and in Philosophy—
including the Speech Act Theory [55], Organizational Semi-
otics [58], the Theory of Communicative Action [26] and
Bunge’ work on philosophical Ontology [5]. Based on these
theories, DEMO provides elaborate concepts to analyze com-
munication. Dietz pursues both a critical and a constructive
goal. On the one hand, he uses his specific terminology to
show deficiencies of prevalent (data) modeling languages. On
the other hand, he guides the design of systems with a method
by starting with basic transactions. DEMO is supplemented
by some high-level modeling concepts—referred to as “meta
ontology” or “World Ontology Specification Language” [8].
However, it seems not to include elaborate DSML. Also, it
seems not to account for software-engineering aspects. The
main contribution of DEMO is the specific perspective on
action and language. While MEMO also emphasizes the rel-
evance of language and the need to account for peculiar-
ities of action systems, the concepts suggested by DEMO
allow for a more differentiated analysis of communication
acts.

TOGAF* is “a framework ... for developing enterprise
architectures”. It is promoted by an industrial consortium,
the “Open Group”, which comprises some large interna-
tional software vendors and user organizations. The frame-
work is documented in an extensive report [25]. While the
term “enterprise architecture” is not clearly defined by the

4 While “TOGAF” looks like an acronym, it seems not to be dissolved
in the official documents.

Open Group, it seems to be aimed at abstractions of both,
the IT and the business in order “to achieve the right balance
between IT efficiency and business innovation” [25, p. 6].
TOGAF comprises a method for the development of enter-
prise architectures, the “Architecture Development Method”
(ADM). It includes eight main phases which are subdivided
into further steps. The method includes references to diagram
types, e.g., “Application Communication diagram”, “Appli-
cation and User Location diagram”, “Enterprise Manageabil-
ity diagram”, “Application Migration diagram” [25, p. 133].
However, TOGAF lacks corresponding language specifica-
tions. It only offers a “content metamodel” [25, pp. 375ff]
that remains on a rudimentary level and is not suited as a
specification of elaborate modeling languages. In addition
to ADM, the framework includes a somewhat eclectic col-
lection of—among other things—references to “architecture
principles” and “architecture patterns”, guidelines for devel-
oping business scenarios and high-level reference models.
Different from the original claim to account for business
issues, the reference enterprise architectures represent tech-
nical aspects only [25, pp. 578ff].

Archimate’ is also supported by the Open Group. It sup-
plements TOGAF with a language for modeling enterprise
architectures. Similar to the MEMO language architecture, it
differentiates between domain-specific concepts (which cor-
respond to the MEMO DSML) and generic concepts such as
“Object”, “Relation”, etc. Different from MEMO, these lay-
ers are part of one language. There seems to be no distinction
between a meta modeling language and a set of modeling
languages. With respect to enterprise modeling, it is impor-
tant that the language is differentiated into three so-called
“layers”: The “business layer”, the “application layer” and
the “technology layer”. These layers are defined in specific
parts of the overall meta model. The language specification
remains on a coarse grained level. The Archimate language
can be extended by adding attributes to meta types or by
specialising meta types.

4.2 Comparative assessment

The overview of related work exhibits clear commonalities
such as high-level structures to distinguish principle views on
the enterprise, or the use of modeling languages and methods.
A closer look, however, shows that there are clear differences
between these artifacts: not only that DSML and correspond-
ing methods are specific for each approach, there is also no
common meta modeling language that would support the
integration of DSML. MEMO is characterized by elaborate
language specifications—and a corresponding tool environ-
ment as well as support for method engineering. ARIS is
an exception insofar as it includes an elaborate DSML for

3 http://www.opengroup.org/archimate/doc/ts_archimate/.
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business process modeling and a comprehensive commer-
cial tool environment that covers further languages. While the
extension of the TOGAF documentation is impressive at first,
itis far from a coherent method and lacks DSML—which are
provided by Archimate, but still on a level that requires refine-
ment. SOM deserves special attention for its foundation in
systems theory, which is suited to provide an inspiring addi-
tional perspective on the enterprise. DEMO may also enrich
prevalent approaches with its specific language/action per-
spective. CIM-OSA still deserves attention for its approach
to promote reuse on various levels of abstraction. Table 1
summarizes the comparative overview.

5 Concluding remarks and outlook

Enterprise models are versatile abstractions of complex
enterprises that support communication, but also dissemi-
nation and reuse of knowledge. If they are based on respec-
tively designed DSML, they do not only help bridging the
linguistic/cognitive gaps between various stakeholders in and
outside a company, they also support the transformation of
models into corresponding implementation level representa-
tions. Hence, enterprise models contribute to reuse and inte-
gration that comprises both, the information system and the
action system. They also provide abstractions of the enter-
prise which can be used in a wide range of modeling methods
that address complex analysis and decision scenarios. Fur-
thermore, using them at run-time allows for evolving enter-
prise software systems to versatile management tools that
integrates conceptual perspectives with instance-level rep-
resentations. While the prospects of enterprise models will
probably be regarded as attractive by many, they are accom-
panied by peculiar challenges.

5.1 Peculiar challenges

A main focus of research on enterprise modeling is on the
specification of DSML. This objective is related to three
substantial challenges. First, the development of a DSML
requires domain-specific knowledge that may not be avail-
able in Information Systems or Computer Science. Thus,
there is need for collaboration with other disciplines, e.g.,
Business and Administration, and with representatives of
the respective domains in practice. Limitations of current
implementation languages recommend collaborating with
researchers in the field of software engineering. Second,
designing a DSML requires deciding for a certain language
paradigm such as object oriented or logic based. Each par-
adigm has specific advantages and limitations. Therefore,
future research can hardly avoid the question how different
language paradigms can be effectively combined, e.g., for
using parts of enterprise models as a foundation for deductive
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reasoning. Third, the development of DSML raises principle
epistemological questions. Our ability to (re-) construct new
linguistic concepts depends on the languages we know—
both domain-specific language and modeling languages. At
the same time, our language skills are subtle blinders that
may block our ability to develop new, more appropriate con-
cepts. In other words, we need to account for the pivotal
role of language in this kind of research, both as an enabler
and inhibitor of abstraction: “Language is my instrument—
but simultaneously my problem, too.” (translated from [40,
pp- 90f])—and aim at moving the limitations of our current
languages.

A further peculiar challenge is related to the organization
of research. The development of DSML and of correspond-
ing reference models requires an effort that goes beyond the
capabilities of single research institutions. Only if we suc-
ceed in bundling resources effectively, we may cope with this
challenge. Furthermore, developing a DSML or a reference
model is not enough, since their benefit depends chiefly on
dissemination and acceptance. Hence, there is need for pur-
suing common languages and models. Otherwise it is likely
that the history of programming languages and general pur-
pose modeling languages will be repeated: Major players out-
side the academic world will define standards and research
is widely restricted to using or criticizing them. However,
while commitments to common standards are a prerequisite
for effectively bundling resources, they restrict the indepen-
dence of the participating researchers at the same time. Sim-
ilar to that, emphasizing the need for agreements can be seen
as a threat to competition, which is arguably an important
driver of scientific research.

Finally, research on enterprise modeling encounters con-
siderable methodological challenges. Any contribution to a
scientific body of knowledge requires comprehensible jus-
tification. Hence, the claim that a new linguistic construc-
tion is superior with respect to a certain purpose needs to be
supported by some kind of evidence. Truth as the classical
justification criterion is not sufficient. At the same time, an
objective assessment of a language is hardly possible because
it will be influenced by the reference language we use—and
that we cannot transcend. Empirical investigations that aim
at measuring acceptance, effects on productivity, etc., may
appear as an appropriate approach to justify—or refute—a
DSML. However, they are restricted by the contingency of
the subject: Prospective users’ language skills and prefer-
ences are a moving target that is influenced by a subtle mix
of previous experiences, cognitive skills, learning processes,
etc., which are all matter of possible change.

5.2 Elements of a research agenda

The depth and diversity of the peculiar challenges make it
arguably impossible to outline a convincing and coherent
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research strategy. The elements of a research agenda pre-
sented below only serve to point at research foci that seem
suited to promote the field.

Focus on use scenarios The development of a DSML
requires a clear understanding of the purpose it should serve.
According to our experience, it is a promising approach to
start with developing use scenarios. A use scenario is char-
acterized by a problem situation and corresponding tech-
nical languages. Based on a use scenario preliminary dia-
grams are introduced to develop an idea of the concepts
needed to address and represent certain problem aspects. Use
scenarios are inspired by existing problem situations. They
may, however, also represent possible future worlds that are
characterized by different institutional contexts, e.g., loosely
coupled networks instead of particular organizations, and by
the use of advanced concepts and tools. Hence, the creation
of use scenarios implicates an act of abstraction and creativ-
ity. Elaborate use scenarios may also serve as a medium to
foster collaboration with researchers from other fields and
with domain experts in business practice. So far, research
mainly focused on DSML to model business processes and
information systems infrastructures. There is still demand to
develop and refine DSML for strategic planning, for mod-
eling inter-organizational systems, resources, products and
markets.

Focus on language paradigms Like other approaches to
enterprise modeling, the DSML provided with MEMO are
specified with meta models the semantics of which is similar
to object-oriented programming languages. Such a modeling
language paradigm fosters the transformation of models to
implementation-level documents. However, there are other
paradigms that come with specific advantages, too. They
include logic-based languages, which are used for specifying
so-called enterprise ontologies and allow for machine reason-
ing on models. Languages used for creating simulation mod-
els would allow for supplementing enterprise models with
simulation features. Petri Nets provide mature support for
process analysis and automation. Also, modeling approaches
used in Business and Administration or Operations Research
should be considered as possible supplements to enterprise
modeling. With respect to advanced modeling tools, the lim-
itations of prevalent programming languages are a severe
obstacle that might be overcome with more versatile meta-
programming languages. In any case, the future development
of the field recommends investigating the potential of com-
bining different languages paradigms to advance the current
state of dedicated modeling languages.

Focus on adaptation Reusing reference enterprise mod-
els will usually require adaptation, which demands for
appropriate abstraction concepts provided by corresponding
DSML. The latter aspect represents a specific challenge for
adapting dynamic representations such as business process
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models: They do not allow for a satisfactory specialization
concept, because they do not permit monotonic extensions.
As an alternative, one could use relaxed concepts of process
specialization (e.g., [1]) or concepts to define process vari-
ants [27]. A further possibility would be to apply the idea of
aspects to enterprise models to support adaptations, e.g., by
assigning concerns such as “legal aspect x”.

Focus on evolution For many firms, the development and
introduction of a comprehensive enterprise model will be
no option, because it implies too much effort and risk. To
take advantage of enterprise modeling nevertheless, there is
need for approaches that guide an evolutionary realization of
enterprise models. Respective approaches need to account
for relevant aspects of the enterprise, such as size, dynam-
ics, available budget, etc., and for priorities with respect to
diagram types and the level of detail required for certain mod-
els. In addition to that support is required for merging partial
models and for model evolution, i.e., versioning of models
and corresponding modeling languages.

Focus on collaboration To cope with the extraordinary need
for resources, new forms of organizing research on enter-
prise modeling need to be investigated. On the one hand,
they should enable a larger group of researchers from various
fields as well as practitioners to bundle their resources. On
the other hand, they should account for the conflict between
the need for common standards and the quest for scientific
progress. For a similar subject, some “Open Software Sys-
tems” initiatives have produced impressive results. There-
fore, they could serve as an orientation for building respective
“Open Model” initiatives [22]. To allow for both, common
standards and scientific competition, they could combine a
common stream of research that is based on a set of common
languages and tools with additional more specific projects
that aim at developing and testing new language features and
corresponding tools.

Focus on research methods Research on enterprise model-
ing cannot ignore specific methodological problems. They
mainly relate to the justification of research results and the
comparative assessment of artifacts. Usually it will not be
sufficient to focus on one particular justification criterion
only—such as a certain concept of truth and corresponding
justification procedures. Therefore, respective research will
probably require the purposeful, eclectic use of various justi-
fication criteria and procedures (for a corresponding proposal
to guide the configuration of research methods see [14]).
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