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1. INTRODUCTION

Model�Based Software Development (MBD) is an
approach of software construction creating models
that are more close to concepts of a certain domain
than abstractions of algorithms, data structures, and
programs [1]. 

Domain�Specific Modeling (DSM) is a branch of
MBD, and offers tools and methods for modeling lan�
guages/tools development to meet requirements of
particular domains. As a rule, domain means a soft�
ware company or even one project. Thus, universality
is sacrificed for accuracy of modeling abstractions,
which, in turn, results in the increase in quality of tar�
get code generators, as well as other services for auto�
matic processing of models [2]. The approach is quite
popular now due to considerable progress in software
toolsets for development of DSM solutions (the so�
called DSM platforms [4]): MetaEdit+ [5], Microsoft
Visual and Modeling SDK [6], EMP [7, 8], Microsoft
Visio [9, 10], QReal [11, 12], etc. (see surveys in [3, 13,
14]). In fact, MBD is the next step after UML.
It should be noted that the DSM approach is begin�
ning to apply in other domains, particularly, in busi�
ness informatics [15, 16].

Modern software toolsets for working with visual
models should comprise user�friendly navigation ser�
vices, which allow the user to browse (show/hide,
zoom in/zoom out) various model details in diagrams.
Actually, the purpose of such services is to provide the
user with special “windows” through which she/he
can observe the model; moreover, the user should be
free to choose what she/he wants to see through these
windows. For example, while working with the model
of UML classes, the user can show or hide attributes

and methods of the selected class, show the whole
inheritance hierarchy for this class, show all classes of
the model that are associated with the given class. This
is especially important when working with large�scale
models: for instance, the UML metamodel comprises
about 250 classes and, being shown in one diagram,
becomes completely unreadable.

In MBD, the transformation approach is being
intensively developed. Transformation is conversion of
one or several source models into a set of target models
according to a certain set of rules [17]. There are
model�to�model (m2m) and model�to�code (m2c)
transformations [18], transformations of databases
[19], etc. To define a transformation, special formal
languages are used (for example, QVT [20] and ATL
[21]). Surveys on this topic can be found in [22, 23]. 

However, transformations were not used for devel�
opment of navigation services until now. In this case,
as an area for the transformation, we can use the
dynamic view of the model presented in a diagram;
thus, the transformation converts one dynamic view to
another. If a layout algorithm is applied to the result of
such a transformation, we will actuality have a naviga�
tion service. Thus, specifications of such transforma�
tions, with other top�level models, can be as an input
for the generator of a graphical editor for a domain�
specific language. 

The idea stated above was previously introduced in
[24]. In this paper, we present formal definitions of the
dynamic view, view to view transformation (v2v trans�
formation), and navigation service. The v2v transfor�
mation is defined by means of the Atlas Transforma�
tion Language (ATL) [21]. To evaluate the proposed
approach a  prototype toolset is developed. The toolset
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is integrated with Eclipse GMF and uses KIELLER
[25] for automatic layout of transformation results.

2. CONTEXT

2.1. Transformations in MBD

Transformations are used in MBD for model gen�
eration, model synchronization, model refactoring;
they also can be useful for supporting integrity con�
straints imposed on the model and for construction of
various system views on request.

The transformations for generation of models are
used when the source and target models describe a sys�
tem on different levels of abstraction (for example,
generation of executable models according to design
models). To define these transformations, graph gram�
mars and graph transformations are used [30, 31].
In [45], for this purpose, the EXPRESS declarative
language is employed. This type of transformation is
also used for model�based generation of the target
code (see [18]), which is important for using models as
programming languages [41].

The need for automatic synchronization of models
arises when the users concurrently work with several
interconnected models within one project. In [32], a
framework is presented that implements (by means of
transformations) a mechanism of incremental distri�
bution of changes in one model to others.

Refactoring is a process of changing a certain artifact
in order to make its structure more usable and under�
standable, while preserving its semantics [28]. Refactor�
ing is generally used for programming, but also for
designing other artifacts: documentations [34, 35], UML
models, etc. In the latter case, refactoring can be imple�
mented by means of transformations [27, 29].

Often, a number of integrity constraints are
imposed on models being constructed, which allow
one to construct more accurate specifications as com�
pared to the use of the original modeling language.
Object Constraint Language (OCL) is used for that,
and there are many successful studies of application of
OCL in various contexts [42, 43]. The transformation
approach can also be used for development of model
constraints [33].

In [48], transformations are used to construct vari�
ous system views on request: the user is offered a set of
views, each being a presentation of the model from a
certain viewpoint. In this case, the transformation is a
filter that shows in the diagram only elements required
for the given view. This approach is most close to ours,
however, it assumes that the views are static and the
user cannot change them without changing the model.

Thus, all approaches described above do not con�
sider transformations of dynamic views of the model.

2.2. Eclipse Modeling Project

This project is rather an initiative, which combines
various projects around MBD based on the Eclipse
platform. The Eclipse Modeling Project (EMP)
involves more than ten mature projects and several
dozens of prototype (immature) projects. In our study,
we use two EMP projects (GMF and ATL) and also
the KIELER project, which is closely related to the
GMF, even though it does not officially enter the
EMP.

The Graphical Modeling Framework (GMF) is
designed for specification of a set of metamodels to gen�
erate automatically a new graphical editor. It should be
noted that the GMF can easily be extended, since it has
open source code and transparent modular architec�
ture. This makes the GMF attractive for use in experi�
ments with new technologies of visual modeling.

The Kiel Integrated Environment for Layout
Eclipse Rich client (KIELER) is a project started in
2004 at the Kiel University (Germany). The project is
focused on constructing toolsets enabling application
of layout algorithms to diagram presentation of the
models [25]. The target platform of the project is
Eclipse. The KIELER is a set of open�source Eclipse
plugins, which are integrated with basic EMP projects,
including EMF and GMF [36]. In most cases, when
constructing the GMF editor, the KIELER can be
used without modifications, although it allows chang�
ing and extending its algorithms.

2.3. ATL

The QVT is a standard for creating transforma�
tions. It is developed by the Object Management
Group (OMG) [20, 38]. In practice, however, the ATL
is used more frequently; the ATL is a language and a
toolkit developed by OBEO company in cooperation
with the French Institute for Research in Computer
Science and Automation (INRIA) [21]. The ATL
includes both declarative (commonly used) and
imperative (for specific cases) parts. The declarative
part of the ATL is based on the concept of rule. The
rules can call/inherit other rules. The transformation
in the ATL consists of a set of rules; by default, each
rule is applied to all elements of the source model.
Using a special modifier lazy, one can allow the rule to
be executed only when being called from another rule.
It is important that the transformation defined in the
ATL can be executed in two—standard and refin�
ing—modes. In the first case, elements of the target
model are created only by executing a certain rule; in
the second case, elements for which no rules were
called are copied into the target model. The refining
mode is preferable if the source and target metamodels
coincide, and the transformation modifies only a
small part of the source model [37]. We actively used
these options in our study.
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The ATL toolkit allows designing and executing
transformations defined in the ATL [21]. The toolkit
provides syntax highlighting and a built�in debugger.
This product is intensively developing and widely used
in practice, since it is oriented to the format of EMF
metamodels and is a part of the EMP initiative.

3. THE APPROACH 

3.1. V2V Transformations

Suppose that we have a metamodel � (abstract
syntax), which defines a certain modeling language,
and let � be the notation (concrete syntax) corre�
sponding to this model. Let T = t1, …, tn be a set of
static views (types of diagrams) for this modeling lan�
guage. We assume also that a metamodel of dynamic
views �� is specified, which defines structure of
dynamic views. Note that the metamodel �� does
not depend on the diagram types and defines a typical
graph of any diagram. The metamodel �� is impor�
tant: it is for this metamodel that the v2v transforma�
tions are defined. 

Thus, �� defines structure of dynamic views; we
denote such a view by vt, where t ∈ T is a type of dia�
gram for the given view. First of all, �� allows one to
specify selection of elements from the model (entities
and associations) M, which corresponds to the meta�
model �. Note that this selection may contain repli�
cas, since the same entities and associations are often
shown in one diagram several times to make informa�
tion in the diagram more evident. Second, to depict
model elements in the diagram, it is important not
only that the element must be present in the diagram
but also how it is presented (i.e., which subset of its
properties is presented in the selection). For example,
attributes and methods of a certain class can be either
shown or hidden. It is important that this property is
applied to each individual class (in the general case,
each particular element of the diagram). We call such
properties display options.

Thus, the dynamic view can be formally defined as 

vt : {(m, DisplayOption), m ∈ M}.

We denote the set of all possible dynamic views of
the type t by Vt, while the set of all possible dynamic
views of the notation � is denoted by V�. A v2v trans�
formation is defined as

(1)

Thus, such a transformation is defined for meta�
model �, notation �, metamodel ��1, and a pair of
static views t1 and t2 of the notation �. The v2v trans�
formation converts the dynamic view  (first param�

eter) into the dynamic view . Note that, in the

majority of cases, t1 = t2; i.e., the types of the source

v2v_trt1 t2,

� � � �, , ,

 : Vt1
Sub Params Vt2

.××

vt1

vt2

and resultant views coincide. As the second parameter,

we use the selection  to which the transformation
is applied. This selection is organized as follows:

Here, , where  is the set of all possible

selections from the model M, and  ∈ , where 

is the set of all possible selections from . If  ≠ ∅,

then the transformation is applied directly to the sub�
set of the model (for example, to the model element
selected in the browser) rather than to the diagram.
It is not correct to combine both situations applying
transformation to the model selection because some�
times one model element is presented on a diagram
more than once. For example, a class could be shown
in a UML class diagram twice, every occurrence can
have different display options, and it is meaningful to
apply different v2v transformations to each occur�
rence. A similar situation often occurs in diagrams of
states and transitions when, for example, the same
state is shown several times as a result of transitions
and onece as a source of transitions; this proves to be
useful so as not to draw long transition lines, which
reduce legibility of the diagram. Note that these state
occurrences may have different display options. 

Values of the transformation parameters must be
set by the user of the corresponding navigation service,
which includes the transformation: they can be speci�
fied directly (for example, via a dialog window) or be
transmitted indirectly (for example, information
about what element is currently selected by the user). 

3.2. Navigation Services 

Denote by dt the diagram that is constructed in the

graphical editor  and corresponds to a dia�

gram type t ∈ T. The set of all diagrams of type t is
denoted by Dt. Each diagram depicts a certain
dynamic view; the diagram differs from the dynamic
view in that it contains graphical and layout informa�
tion: the size and coordinates of graphical elements,
fonts, colors, etc. The set of all possible diagrams for

the editor  is denoted by DE.

Let us define a function getview : DE  VE that
yields the view depicted in the diagram. In this case,
the following statement holds:

∀dt ∈ Dt∃!vt ∈ Vt : getview(dt) = vt.

Obviously, this function is irreversible.

We can now define the navigation service as 

sub

sub
m, if vt1

∅=

vt1
, if vt1

∅.≠⎩
⎨
⎧

=

m M∈ M

vt1
Vt1

Vt1

Vt1
vt1

E� � �, ,

T

E� � �, ,
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(2)

It can be seen that the navigation service includes
the corresponding v2v transformation; in addition, it
contains the graphical user interface specification
(GUISpec), which is the place in the user’s editor
from which the transformation is called: the context
menu of the element, toolbar, main menu, etc., and,
sometimes, a dialog box for entering the transforma�
tion parameters. Moreover, the navigation service
includes the layout algorithm:

This algorithm has the following parameters: the
original diagram to which the transformation is
applied, a new view obtained as a result of transforma�
tion, and the proper parameters of the algorithm. The
original diagram is required to provide the target dia�
gram with the layout that maximally close to the orig�
inal one: diagram segments which were not included
in the transformation input should remain unchanged.
In other words, intuitive expectations of the user con�
cerning the partial transformation of the diagram (user
mental map) are taken into account as much as possi�
ble [40]. 

3.3. Specification of v2v Transformation in the ATL

Let us consider the process of writing v2v transfor�
mations for navigation services of a UML class editor

constructed using the Eclipse GMF. As a view meta�
model, we use the GMF Notation metamodel [39]
(below, it is referred to as the notation). The diagram is
the main element of the notation; it consists of a list of
children, which comprises nodes corresponding to
UML classes, and a list of edges, which comprises
edges describing various associations between the
classes. Each node of the diagram, in turn, contains a
list of children for the nodes describing operations and
attributes of the corresponding class. Each node of the
diagram has a unique identifier (id). Nodes corre�
sponding to the classes, attributes, and operations dif�
fer in their type (see the field “type” in the class
“Node”). In the examples given below, we use the lit�
eral CLASS_NODE for the corresponding types.

As in the case of any other transformation written
in the ATL, in the beginning of the v2v transforma�
tion, we specify source and target metamodels (here,
both metamodels correspond to the notation). We also
use the modifier refining to indicate that the transfor�
mation is executed in the mode where changes in the
model are allowed.

module v2v_transformation_example;

create OUT : Notation refining IN :

Notationl;

This is followed by the description of transforma�
tion rules, which modify the view. The simplest exam�
ple of a v2v transformation is to show all model ele�
ments in the diagram. It contains only one rule
Node2Node defined for the diagram nodes:

rule Node2Node {

from old_node : Notation!Node (old_node.type = CLASS_NODE)

to new_node : Notation!Node (

visible <– true,

)

}

This rule contains a filter on the node type and,
therefore, is called only for the nodes corresponding to
the UML classes of the diagram. For each such a node,
this rule assigns the value true to the property visible,
thus making them visible in the diagram (the point is
that a file with the GMF diagram contains references
to all model elements, and these references have extra,
so to speak, diagram attributes, in particular, the prop�
erty visible). 

Suppose that it is required to hide a particular ele�
ment of the model in the diagram. To do this, we need
a more complex v2v transformation, since a certain
action must be applied only to a particular element

rather than to all elements in the diagram. In this case,
we need a transformation parameter whose value is the
id of the element to be hidden. Because the ATL do
not allow us to define and execute transformations
with parameters, we extend the ATL as follows. In the
code of the transformation, we use a special lower�
case literal, which will be assigned a particular value
before compiling and executing the transformation.
Thus, to hide the element, the condition concerning
the node id is added to the filter of the Node2Node
rule, and the property visible is assigned the value false
in the code of the rule:

navigation_sreviceE t1 t2, ,
 ::= v2vtrt1 t2,

� � � �, , ,

,

layolt_algorithmE t1 t2, ,
GUIspec.,

layolt_algorithmE t1 t2, ,
 : Dt1

Vt2
Params Dt2

.××



212

PROGRAMMING AND COMPUTER SOFTWARE  Vol. 41  No. 4  2015

KOZNOV et al.

rule Node2Node {

from old_node : Notation!Node (old_node.type = CLASS_NODE and

old_node.id – 'CuRRENT_NODE_ID')

to new_node : Notation!Node (

visible <– true,

)

}

4. CASE STUDY

To evaluate the proposed approach, we developed
an Eclipse plugin, which make it possible to integrate
the navigation services constructed via the v2v trans�
formations written in the ATL into the graphical edi�
tors created with the help of the Eclipse GMF.
The developer that uses this plugin must specify, in
addition to the transformation code in ATL, the extra
information required to complete specification of nav�
igation service: the type of elements (in terms of the
GMF domain model) to which the v2v transformation
is applied and the name of the navigation service. This
information is used to construct the context menu
items for the corresponding elements of the editor.
To specify this information, we use the GUIspec
parameter of the navigation service (see (2)). When
the user calls the navigation service, the code of its v2v
transformation is loaded; then, the code is compiled
and applied to a specialized copy of the current dia�
gram. The result of the transformation is passed to the
KIELER, which performs automatic layout of the dia�
gram elements. The layout algorithm, as well as its set�
tings, is selected by the user in the standard options of
the KIELER. 

Using the Eclipse GMF extended as shown above,
we constructed a graphical editor for UML class dia�

grams, which implements the transformations listed in
the table. 

We estimated these transformations according to
the following criteria: (i) volume—the number of
matched rules and helpers used to implement the
transformation; (ii) complexity—easy (E) complexity
means that only very basic knowledge of the ATL is
required, medium (M) complexity means that it is
required to know standard ATL constructions and to
understand the metamodel on which the transforma�
tion is defined, and high (H) complexity requires
strong knowledge of the ATL, including good skills in
working with collections; and (iii) performance, under
which we mean the speed of transformation execution
for large�scale diagrams (it was found to be 2–3 s for
the diagram comprising 100 classes and 90 associa�
tions). The performance of the ATL itself is very high,
and the most part of time is spent on a preparatory
work. 

Thus, the developer who creates model editor using
GMF may implement a wide range of navigation ser�
vices easily. This work becomes a part of model devel�
opment in the GMF (design of a new editor) and does
not involve elaboration of the program code: it is
required to construct only a small set of rules written in
the ATL (5–20 lines per a service). The ATL itself is a
part of the Eclipse Modeling Project, which simplifies
its learning and application for the users who work
with the GMF. At the same time, the implementation

Table

No. Name Description Volume Complexity

1 Hide class Hide the selected class in the diagram 1 E

2 Show all classes Show all previously hidden classes in the diagram 1 E

3 Hide properties of a class Hide attributes and methods of the selected class 1 H

4 Show properties of a class Show properties of the selected class in the diagram 1 H

5 Hide all properties Hide attributes and methods of all classes 1 M

6 Show all properties Show all previously hidden properties of classes 1 M

7 Show successors tree Show all subclasses 2 M

8 Hide successors tree Hide all subclasses 2 M

9 Show predecessors Show all superclasses 2 H

10 Hide predecessors Hide all superclasses 2 H

11 Show associated classes Show all classes associated with the selected class 2 M

12 Hide associated classes Hide all classes associated with the selected class 2 M
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of such navigation services in the editor’s code from
scratch would require deep integration with the Java
code of the GMF and understanding the way the
GMF engine works, as well as writing a great amount
of code. In this case, each navigation service would
include a large number of various procedures for
bypassing the model and diagrams, which one would
have to write and debug manually many times (this
code can hardly be reused), since it involves specific
actions for each situation, although having a lot of
commonalities. 

5. CONCLUSIONS

One of the main directions in further research is the
improvement of facilities for specifying the navigation
services and the integration of the process for con�
structing the above specifications with the develop�
ment process of the GMF models. The phenomenon
of partial layouts is also of interest: many currently�
available layout algorithms do not possess sufficient
robustness; i.e., small changes in the diagram, fol�
lowed by application of these algorithms, result in
complete redrawing of the graph and loss of the user
mental map. Finally, it is required to design transfor�
mations for large�scale diagrams, first of all, behavior
models (BPMN and statecharts), large database sche�
mas, etc. It is also required to increase transformation
performance by improving the implementation of the
proposed approach.
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