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Abstract. The main scope of the research is to analyse Unified Modelling
Language (UML) models generation process from Enterprise Model (EM) in
Information Systems (IS) development process by using knowledge-based
subsystem. The knowledge-based subsystem is proposed as an additional
computer aided software engineering (CASE) tool component to avoid IS
development process based on empirics. For comprehensible perception there is
also presented relation between EM and ontologies and its use in generation
process.
As the result of this part of research transformation algorithms are presented

and described. These algorithms are capable of whole UML models elements
generation from Enterprise Model. Example of UML Interaction Overview
model generation illustrates full process.
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1 Introduction

In a modern world software development and software applications are becoming more
complex and demanding. Developers, analysts, engineers, researchers are creating and
seeking for new techniques and procedures to streamline software engineering pro-
cesses to ensure shorter development time and reduce costs by re-using different
components. The development of software systems is a complex activity which may
imply the participation of people and machines (distributed or not). Therefore, different
stakeholders, heterogeneity and new software features make software development a
heavily knowledge-based process [1, 11].

In modern day enterprise engineering, it is paramount that Enterprise Models are
grounded in a well-defined, agreed-upon Enterprise Architecture that captures the
essentials of the business, IT, and its evolution. Enterprise architectures typically contain
different views (e.g. Business, Information, Process, Application, Technical) on the
enterprise that are developed by distinct stakeholders with a different background and
knowledge of the business. Consequently, the developed Enterprise Models that pop-
ulate these views are hard to integrate. A possible solution for this integration problem
is using a shared terminology during the development of these different views [2].
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Such explicit formal representations, often materialized in the form of ontology – in a
business context called an enterprise-specific ontology – provide a myriad of advan-
tages. Ontologies are shared views of domains. They provide conceptualizations that are
agreed upon by participants in collaborative action and decision making. The explicit
existence of such shared perspectives makes it possible for both people and programs to
collaborate by ensuring that everybody makes the same distinctions and uses the same
terms with the same meaning [18]. On an intra-organizational level, they ensure model
re-usability, compatibility and interoperability, and form an excellent basis for
enterprise-supporting IT tools, such as Enterprise Resource Planning (ERP) systems,
business intelligence (BI) tools or information systems (IS), for which they serve as
common terminology. On an inter-organizational level, they facilitate interoperability,
cooperation and integration by allowing formal mappings between, and alignment of
separately developed Enterprise Models [12].

2 Enterprise Modelling and Ontologies Relation

An Enterprise Model is a computational representation of the structure, activities,
processes, information, resources, people, behaviour, goals and constraints of a busi-
ness, government, or other enterprise. It can be both descriptive and definitional -
spanning what is and what should be. The role of an Enterprise Model is to achieve
model-driven enterprise design, analysis and operation [6, 18]. Enterprise Modelling is
an activity where an integrated and commonly shared model of an enterprise is created
[7, 12, 28]. The resulting Enterprise Model comprises several sub-models, each rep-
resenting one specific aspect of the enterprise, and each modelled using an appropriate
modelling language for the task at hand. For example, the Enterprise Model may
contain processes modelled in BPMN, data modelled in ER and goals modelled in n*.
The Enterprise Model is thus developed by several enterprise engineers, and aggregates
all information about the enterprise. As a result, Enterprise Models without homoge-
nized underlying vocabulary suffer interoperability and integration problems [12, 25].
An Enterprise Model can be developed for single or more different purposes. Few
Enterprise Modelling formal purposes are presented [3, 20, 22]:

1. To capitalize enterprise knowledge and know how.
2. To illustrate relations and dependencies within the enterprise and with other

enterprises, to achieve better control and management over all aspects.
3. To provide support to business process re-engineering.
4. To get a common and complete understanding of the enterprise.
5. To improve information management across organizational and application system

boundaries and provide a common means for communication throughout the
organization. Rationalize and secure information flows.

6. To provide operative support for daily work at all levels in the enterprise from top
to bottom.

7. To control, co-ordinate and monitor some parts of the enterprise.
8. To provide support for decision making.
9. To provide support the design of new parts of the enterprise.

10. To simulate processes.
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Ontology is a discipline rooted in philosophy and formal logic, introduced by the
Artificial Intelligence community in the 1980s to describe real world concepts that are
independent of specific applications. Over the past two decades, knowledge repre-
sentation methodologies and technologies have subsequently been used in other
branches of computing where there is a need to represent and share contextual
knowledge independently of applications [22, 23].

Ontology engineering is a filiation of knowledge engineering that studies the
methods and methodologies for building ontologies. In the domain of enterprise
architecture, ontology is an outline or a schema used to structure objects, their attributes
and relationships in a consistent manner. As in Enterprise Modelling, ontology can be
composed of other ontologies. The purpose of ontologies in Enterprise Modelling is to
formalize and establish the shared understanding, reuse, assimilation and dissemination
of information across all organizations and departments within an enterprise. Also, an
ontology enables integration of the various functions and processes which take place in
an enterprise [10].

Using ontologies in Enterprise Modelling offers several advantages. Ontologies
ensure clarity, consistency, and structure to a model. They promote efficient model
definition and analysis. Generic enterprise ontologies allow for reusability and
automation of components. A common ontology allows to ensure shared understand-
ing, clearer communication, and more effective coordination among the various divi-
sions of an enterprise. These lead to more efficient production and flexibility within the
enterprise [24].

3 Transformation Algorithm

The computerized IS engineering specific methods are developed based on common
requirements, which systematize the selected methodology. Computerized
knowledge-based IS engineering project management basis is CASE system
knowledge-based subsystem. CASE system’s knowledge-based subsystem’s core
component is knowledge base, which essential elements are enterprise meta–model
specification and Enterprise Model for certain problem domain [4, 8, 24].
Knowledge-based subsystem is one more active participant of IS engineering process
beside analyst, whose purpose is to verify results of IS life cycle phases [5, 9].

Knowledge-based CASE systems holding substantial components, which organize
knowledge: knowledge-based subsystem’s knowledge base, which essential elements
are enterprise meta–model specification and Enterprise Model for certain problem
domain [7, 13, 16]. Figure 1 presents knowledge-based subsystem connection to the
Enterprise Model and Enterprise Meta–Model inside CASE tool presented as Sequence
diagram.

Information system design methods indicate the continuance of systems engi-
neering actions, i.e. how, in what order and what UML models to use in the design
process and how to fulfil the process. Association between UML models and EM is
realized through the transformation algorithms and presented in Fig. 2 [14, 15].

Enterprise Model as organization’s knowledge repository enables generate UML
models with the help of transformation algorithms. Enterprise meta-model holds
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essential elements of business modelling methodologies and techniques, which ensures
a proper UML models generation process [17, 19].

Presently, used CASE system’s Enterprise Models constitution is not verified by
formalized criteria. Enterprise Models have been formed in compliance with the

Fig. 1. Knowledge-based subsystem connection to the Enterprise Model and Enterprise Meta–
Model inside CASE tool presented as Sequence diagram

Fig. 2. UML models generation by using the transformation algorithm [21, 27]
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notations. However, their composition has not been proved by the characteristics of the
specific domain area [26, 27].

In IS engineering all design models are fulfilled on the basis of the empirical expert
experience. Experts, who participate in the IS development process, do not gain enough
knowledge, and process implementation in requirements analysis and specification
phases can take a too long time. Enterprise meta–model contains essential elements of
business modelling methodologies and techniques, which insures a suitable UML
diagrams generation process [26, 27].

Figure 3 presents top level transformation algorithm for Enterprise meta–model
based UML models generating process. Main steps for generating process are identi-
fying and selecting UML model for generating process, identifying starting elements
for the selected UML model and selecting all related elements, reflecting Enterprise
Model elements to UML model elements and generating the selected UML model [21,
26, 27].

Fig. 3. Transformation algorithm of EM based UML model generation process
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4 UML Interaction Overview Model Transformation

UML Interaction Overview diagram determines interactions through a variant of
activity diagrams in a manner that maintains overview of the control flow. Interaction
Overview model concentrate on the overview of the flow of control where the nodes
are interactions or interaction uses. The lifelines and the messages do not perform at
this overview level. UML Interaction Overview model combines elements from
activity and interaction diagrams [21]:

• the following elements of the activity diagrams could be used on the Interaction
Overview diagrams: initial node, flow final node, activity final node, decision node,
merge node, fork node, join node;

• the following elements of the interaction diagrams could be used on the Interaction
Overview diagrams: interaction, interaction use, duration constraint, time constraint.

Main steps of UML Interaction Overview model generation from Enterprise Model
transformation algorithm are (see Fig. 4): selecting Interaction Overview model for
generating process, identifying initial element, selecting element’s type for chosen
model, selecting related model elements and generating model.

Table 1 presents UML Interaction Overview model elements generated from
Enterprise Model. Frame as Interaction model element is generated from EM Actor
element, Interaction Use as Interaction model element is generated from EM Infor-
mation Activity, Initial Node, Decision Node, Merge Node, Final Node as Activity
model elements are generated from EM Business Rules elements and Decision Guard
as Activity model element is generated from EM Information Flow element.

Fig. 4. Transformation algorithm of EM based UML Interaction Overview model generation
process
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Figure 5 presents an example of UML Interaction Overview model. The necessary
elements through transformation algorithms were received from CASE tool’s
knowledge-based subsystem’s Enterprise Model, where all knowledge of subject area
is stored. In this figure it is clearly seen all necessary UML Interaction Overview model
elements generated from Enterprise Model.

Table 1. EM and Online service ordering UML Interaction Overview model elements

EM UML Interaction Overview model

Frame
(Interaction
model
element)

Interaction
use
(Interaction
model
element)

Initial
node
(Activity
model
element)

Decision
node
(Activity
model
element)

Merge
node
(Activity
model
element)

Final
node
(Activity
model
element)

Decision
guard
(Activity
model
element)

Actor +
Event

Process Material
input

Material
output

Function Business
rules

+ + + +

Information
flow

+

Information
activity

+

Fig. 5. UML Interaction Overview model example: online service order
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5 Conclusions

Computer aided IS engineering is based on empiric and IS development life cycle
stages are fulfilled on the basis of the expert’s experience. A large part of the CASE
tools design models are generated only partially, and complete realization is possible
only non-automatic and with experts participation. Today IS engineering should be
based on knowledge. In this way, knowledge-based IS engineering computerized IS
development activities are executed using the subject area knowledge, which is stored
in the knowledge base of CASE tool repository.

In order to decrease the influence of empirical factors on IS development process,
the decision was made to use knowledge-based IS engineering approach. The main
advantage of this approach is the possibility to validate specified data stored in EM
against formal criteria, in that way decreasing the possible issues and ensuring more
effective IS development process compared to classical IS development methods.

Using ontologies in Enterprise Modelling offers several advantages. Ontologies
ensure clarity, consistency, and structure to a model. They promote efficient model
definition and analysis. Generic enterprise ontologies allow for reusability of and
automation of components. Because ontologies are schemes or outlines, the use of
ontologies does not insure proper Enterprise Model definition and analysis. Ontologies
are limited by how they are defined and fulfilled. Ontology not always includes ability
to cover all of the aspects of what is being modelled.

The paper deals with the generation process of UML models from EM options.
Every element of UML model can be generated from the EM using CASE Tool
knowledge base’s subsystem and transformation algorithms. Method of UML model
generation process from EM could implement full knowledge-based IS development
cycle design stage. This is partially established by the example of online service
ordering presented as UML Interaction Overview model elements generation.
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