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Abstract. The article represents knowledge based UML Dynamic models (Use
Case, Activity, State Machine, Protocol State Machine, Sequence, Communi-
cation, Timing and Interaction Overview) generation process from Enterprise
Model (EM), where every model generation is defined with transformation
algorithm. The algorithms description is presented as Activity diagrams with
depiction an explanation of essential steps.
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1 Introduction

Business and IT alignment is a main concern in both fields: IT and business. There are
a broad variety of models, methods and techniques i.e. Zachman framework, J. Hen-
derson and N. Venkatraman business and IT strategic alignment model likewise
numerous IS engineering frameworks. Majority of them introduces guidelines on the
abstract theoretical degree only and practical realization solutions on engineering
degree is nevertheless not sufficient [1, 3, 4].

The usage of formal structure called knowledge-based subsystem, which consists of
Enterprise model and Enterprise meta-model, improves the quality and sufficiency of IS
engineering process. The Enterprise meta-model is assumed to be the essential formal
structure for domain knowledge gathering for the IS development targets. This
meta-model regulates Enterprise model structure and Enterprise model accumulates
knowledge that is required for whole IS development process and will be used in all
stages of IS development life cycle [1, 5, 7, 8].

UML is one of the most extensive software specification standards. It is a universal
IS modelling language used in a number of methodologies and enforced in well-known
modelling tools [1]. The knowledge stored in Enterprise model can be applied in UML
models dedicated to use in IS development life cycle stages [11, 12]. All these UML
can be generated within transformation algorithms, when the necessary knowledge is
gathered into knowledge repository, where it is already verified to assure automatically
generated design models quality in knowledge collection into knowledge repository
phase [13, 14].
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2 Matching Between Enterprise Model Elements and UML
Elements

Enterprise meta-model is formally determined enterprise model composition, which
contained of a formalized enterprise model alongside with the general principles of
control theory (Fig. 1). Enterprise model is the main source of the requisite knowledge
of the specific problem domain for IS engineering and IS reengineering processes [3].

UML models can be generated from Enterprise model using transformation algo-
rithms. Firstly, certain UML model must be identified for generation process, after this
identification, the initial – main element of this UML model must be selected from
Enterprise model. Secondly, all related elements must be selected according the initial
element and all these related components must be linked between regarding constraints,
necessary for UML model type identified earlier.

Information systems design methods specify the arrangement of systems engi-
neering actions, i.e. how, in what order and what UML model to use in the IS
development process and how to implement the process (Table 1). Many of them are
based on diverse types of models describing differing aspects of the system properties.
Sense of each model can be defined individually, but more important is the fact that
each model is the projection of the system. An inexperienced specialist can use UML
models inappropriately and the description of the system will possibly be contradictory,
insufficient and contentious [1, 2, 6].

Fig. 1. Class diagram of Enterprise meta-model [3]
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Information systems design methods specify the arrangement of systems engi-
neering actions, i.e. how, in what order and what UML model to use in the IS
development process and how to implement the process. Many of them are based on
diverse types of models describing differing aspects of the system properties. Sense of
each model can be defined individually, but more important is the fact that each model
is the projection of the system. An inexperienced specialist can use UML models
inappropriately and the description of the system will possibly be contradictory,
insufficient and contentious [1, 2, 6].

This kind of system description is totally confusing, because most of the infor-
mation in the models overlay and express the same things just in different approaches,
as it is shown in the table (Table 1). Accordingly identification of exact UML model
for generation process has high importance, because of regarding this selection depends
generated element significance for system development process.

Table 1. Enterprise model process and function elements role variations in UML dynamic
models [9, 10].

EM UML model
element

UML dynamic
model

Description

Process/function Use case Use case model A use case is a type of behavioural
classifier that defines a unit of
functionality achieved by actors or
subjects to which the use case
applies in combination with one or
more actors

Activity Activity model Describes a parameterized
behaviour as correlative flow of
actions

Behavioural
state
machine

State machine
model

Specifies individual behaviour of a
part of designed system through
limited state transitions

Protocol
state
machine

Protocol state
machine model

Expresses a usage protocol or a
lifecycle of some classifier

Message Sequence model Describes one specific kind of
communication between lifelines of
an interaction

Frame Communication
model

Describes a unit of behaviour that
concentrates on the appreciable
exchange of information between
connectable elements

Frame Interaction
overview model

Describes a unit of behaviour that
concentrates on the appreciable
exchange of information between
connectable elements
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3 UML Dynamic Model Transformation Algorithms

UML Dynamic models represent the dynamic behaviour of the objects in a system,
which can be described as a series of changes to the system over time [10].

3.1 UML Use Case Model Transformation Algorithm

UML Use Case model defines a collection of actions, called use cases that some system
or systems, called subject, should or can operate in combination with one or more
external users of the system, called actors, to contribute some appreciable and relevant
outcomes to the actors or other users of the system or systems [9, 10].

In UML Use Case model generation from Enterprise model (Fig. 2) initial element
is actor or subject, after generation of this element, follows selection of Enterprise
model element: process or function and use case element is generated. After the
generation of these two types of elements, they have to be linked to each other with
some type of relationship: association, extension or inclusion, which is defined by
Enterprise model element Business Rule. After all these elements are generated, there is
update of actor or subject element and check are there more actor elements left in
enterprise model.

3.2 UML Activity Model Transformation Algorithm

UML Activity model describes sequence and conditions for coordinating lower-level
behaviours, instead than which classifiers own those. These behaviours are generally
called control flow and object flow models [9, 10].

Fig. 2. UML use case model transformation algorithm
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In UML Activity model generation from Enterprise model (Fig. 3) initial element is
partition, after generation of this element, follows selection of Enterprise model ele-
ment: process or function and activity element is generated. Afterward the generation
of these two types of elements, they have to be linked to each other. In activity models
object nodes are generated from Enterprise model material or informational flow ele-
ments. And all these generated elements are connected through control nodes which are
based on Enterprise model business rule elements. Later all these elements are gen-
erated, there is update of actor element and check are there more actor elements left in
enterprise model.

3.3 UML State Machine and Protocol State Machine Models
Transformation Algorithms

UML State Machine models are used for modelling individual behaviour through
definite state transitions. To express the behaviour of a part of the system, state
machines can further be used to express the usage protocol of part of a system. These
two types of state machines are committed to as behavioural state machines and pro-
tocol state machines. First type of State machine model describes individual behaviour
of a part of designed system through limited state transitions [9, 10].

In UML Behavioural State Machine model generation from Enterprise model
(Fig. 4) initial element is process or function, it means that from these enterprise model
elements behavioural state machine element is generated. Subsequently this element
generation second related element is simply state or composite state, which is generated
from information flow. Furthermore, first two elements are linked to each other and
also with pseudostate element, which is generated from business rule. After that there is
update of the initials element and check are there more process elements left in
enterprise model [9, 10].

Fig. 3. UML activity model transformation algorithm
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And second type of State machines is UML Protocol State Machine model, which
defines usage protocol or a lifecycle of some classifier [10].

In UML Protocol State Machine model generation from Enterprise model (Fig. 5)
initials element is also process or function, from these enterprise model elements
protocol state machine element is generated. After this element generation information
flow is selected and Protocol state element generated. These two elements are linked to
each other and also with protocol transition element, which is generated from business
rule. Afterwards that there is update of the initial element and check are there more
process elements left in enterprise model.

Fig. 4. UML state machine model transformation algorithm

Fig. 5. UML protocol state machine model transformation algorithm
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3.4 UML Sequence Model Transformation Algorithm

UML Sequence model is one of the interaction models group which concentrates on the
message interchange between system participants called lifelines [9, 10].

In UML Sequence model generation from Enterprise model (Fig. 6) initial element
is lifeline, after generation of this element, follows selection of Enterprise model ele-
ment: process or function and message element is generated. Afterwards the generation
of these two types of elements, they have to be linked to each other. In sequence
models execution specification, combined fragment, interaction use, state invariant and
destruction occurrence are generated from Enterprise model business rule elements.
Later all these elements are generated, there is update of lifeline element and check are
there more actor elements left in enterprise model.

3.5 UML Communication Model Transformation Algorithm

UML Communication Model is another one of the interaction models group, and it
focuses on the interaction between participants called lifelines where the architecture of
the internal structure and how this corresponds with the objects called message passing
is central [9, 10].

In UML Communication model generation from Enterprise model (Fig. 7) initial
element is lifeline, after generation of this element, follows selection of Enterprise
model element: process or function and frame element is generated. Subsequently the
generation of these two types of elements, they have to be linked to each other. In
communication models message elements are generated from information flow ele-
ment. Later all these elements are generated, there is update of lifeline element and
check are there more actor elements left in enterprise model.

Fig. 6. UML sequence model transformation algorithm
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3.6 UML Timing Model Transformation Algorithm

UML Timing model is also one of the interaction models group and defines interactions
when a primary purpose of the model is to reason about time. Timing models concentrate
on conditions changing inside and between lifelines ahead a linear time axis [9, 10].

In UML Timing model generation from Enterprise model (Fig. 8) initial element is
lifeline, after generation of this element, follows selection of Enterprise model element
information flow and timeline or duration constraint element is generated. Subse-
quently the generation of these two types of elements, they have to be linked to each
other. In timing models time constraint and destruction occurrence elements are gen-
erated from business rule element. Later all these elements are generated, there is
update of lifeline element and check are there more actor elements left in enterprise
model.

Fig. 7. UML communication model transformation algorithm

Fig. 8. UML timing model transformation algorithm
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3.7 UML Interaction Overview Model Transformation Algorithm

UML Interaction Overview model is last of the interaction models group, which defines
interactions through a variant of models in a way that stimulates overview of the
control flow. Interaction overview models focus on the overview of the flow of control
where the nodes are interactions or interaction uses. The participants like lifelines and
objects like messages do not appear at this overview level [9, 10].

In UML Interaction model generation from Enterprise model (Fig. 9) initial ele-
ment is process or function, it means that from these enterprise model elements frame
element is generated. All other elements: duration constraint, time constraint, interac-
tion use and control nodes, are related to the initial frame element and depends from
enterprise business rule element.

4 Conclusions

In the first part of the article the matching of Enterprise model elements and UML
Dynamic model elements is presented. The next part handles with detailed explanation
of UML Dynamic models (Use Case, Activity, State Machine, Protocol State Machine,
Sequence, Communication, Timing and Interaction Overview) transformation, that are
necessary for knowledge-based IS engineering process are presented. The specified
solution insures data coherence between specific design models in this manner pro-
viding more systematic IS engineering process.

The future works are: to create implementation of these transformation algorithms
by knowledge-based tool’s prototype, to include more detailed UML models elements
application instruction into IS engineering process and to determine more validation
preferences also present progressive enterprise model analysis aspects.

Fig. 9. UML interaction overview model transformation algorithm
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