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ABSTRACT
There are services available in the most software tools we have got
used to like, copy, paste, cut, find, and replace. However, the state
of the art is not so good with tools of graphical languages. Even
many commercial modelling tools have limited support of the find
feature. We propose to add find as a service of graphical DSL tool
development frameworks. This way find is available in any DSL
built using the DSL tool development framework. The concrete
syntax-based find has been implemented as a service of the DSL
tool development framework ajoo. Two graph-based languages:
UML Activity diagrams and Deterministic Finite Automata (DFA)
transition diagrams are used to demonstrate usage of the concrete
syntax-based find.
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1 INTRODUCTION
The find is an essential feature of a modern user interface. Users use
the find for various purposes e.g to navigate to a certain element,
to find an answer to a specific question or to explore to obtain new
information [13]. However, the support of the find is limited in the
area of graphical modelling. It is true even for commercial mod-
elling tools. There is an opinion that one of the main reasons why
MDE (Model-Driven Engineering) has not reached the expected ac-
ceptance in the industry is the poor quality of tool support [20]. We
propose an approach on how to improve tool support for find fea-
ture. Typically there is only some kind of textual search available in
the modelling tools. However, textual search uses only textual parts
of the model and it is not aware of the structure of the model and
graphical elements. Besides, it is not even possible to define that we
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should look for the text as a value of the particular property of a spe-
cific element. Instead, we propose to use a fragment of a diagram as
a specification of a find query. We have implemented the approach
in the DSL tool development framework ajoo [18]. As a service of
a DSL tool development framework, the find is available for any
modelling language built using DSL tool development framework.
The DSL tool development frameworks are used to ease the creation
of an editor for graphical languages. There are multiple DSL tool
development frameworks, for example, Sirius [3], MetaEdit+ [10].
Although we discuss implementation in the ajoo framework [18],
the approach is universal and could be implemented in any DSL
tool development framework. We discuss implementation in other
frameworks in subsection 4.3. We explain the main principles of
the concrete syntax-based find in Section 2. We use two different
graphical languages in Section 3 to demonstrate how the approach
could be applied. We discuss implementation principles in Section
4. Related work is given in Section 5.

2 CONCRETE SYNTAX-BASED FIND
We propose to provide the concrete syntax-based find as a service
of a DSL tool development framework. The general ideas have been
described in [7]. Since then, the approach has been implemented
in the ajoo framework [18] and has evolved in some aspects. In
this section, we repeat the main principles. We accent the aspects
where the approach has evolved.

The approach is intended for graph-based Domain-Specific Lan-
guages, therefore only such languages are considered. The diagrams
in such language can be treated as typed attributed graphs [4]. The
element types are used to determine the match of the find query.

The element (node and edge) types are defined when creating
DSL in a DSL tool development framework. The encoding used in
the ajoo framework [18] is shortly described in section 4. In other
DSL tool development frameworks different encoding is used, but
in some sense, element types persist in all of them. The find query
is defined by drawing (or selecting) fragment of a DSL diagram. The
graph structure and element types that appear in the find query
are used to find other diagrams with the same graph structure and
element types.

Besides, it is possible to set constraints on the attribute values
of the diagram elements. Currently, only substring or equality con-
straints are supported. Constraint on an attribute value means that
only elements with appropriate element type and satisfying con-
ditions defined by constraint will be considered as matches of the
query.

Any DSL diagram can be used to define a find query. Therefore
there are no specific find diagrams. The only find specific feature
required is a find button. (see Figure 1)
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Since concrete syntax-based find is a service of DSL tool devel-
opment framework, it is available for any DSL built with the DSL
tool development framework.

Figure 1: Diagram editor with the “find” button.

3 EXAMPLES
In this section, we demonstrate how the approach could be ap-
plied for two different DSLs built with the DSL tool development
framework ajoo [18]. The first example is simplified UML activ-
ity diagrams [15]. The second example is the Deterministic Finite
Automata Transition diagrams [6].

3.1 UML Activity Diagrams
The first example is simplified UML activity diagrams [15] which
can be used to describe the flow of processes, performers and other
features. The main element of the UML activity diagram is an action.
The two most important properties of the action element are the
name and performer. The simple use case of find query could be to
find all actions performed by a certain actor. For example, a user
would like to know what he has to do in the process, or developers
of a system would like to know, what the system should do.

Let’s look at a simple UML Activity diagram example in Figure
4. The example describes how the transportation tickets are sold
by ticket vending machine. The find query which is looking for
actions performed by a ticket vending machine is given in Figure 2.

Figure 2: Find query. Find all actions performed by ”ma-
chine”.

The find query is drawn as a new DSL diagram. In the example,
it is a UML activity diagram. The query is executed by pressing the
“Find” button. The result of the query is a list of diagrams containing
elements satisfying conditions defined by the query. Find results
are shown in Figure 3. The number of matched diagrams is shown.
For each diagram, the number of elements satisfying condition is

Figure 3: Find results of find query given in Figure 2.

Figure 4: The find results in Figure 3 highlighted in a dia-
gram.

given. The list of diagrams is clickable. It opens the diagram, where
matched elements are highlighted. An example is given in Figure 4.

The example is very simple and initially, it may seem that it is
possible to do the same using textual search. However, the results
of textual find may be different as textual find will reveal matches
of name ”machine” in any context, e.g. conditions, action name,
UML objects etc. However, concrete syntax-based find looks only
for ”machine” as a performer of an action. Thus the structure of
the UML Activity diagram is taken into account. In the example
given in Figure 4, the textual search would match two additional
nodes: ”Get change from vending machine” and ”Get ticket from
vending machine”. It will happen as the actions contain the name
”machine” in the action names.

If required it is possible to extend query with other constraints,
e.g. restrict name of an action, looking for a specific type of relation,
etc. An example of the more complicated query structure is given
in the next section.
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3.2 Deterministic Finite Automata
The second example is Deterministic Finite Automata (DFA) Tran-
sition diagrams [6]. We have created a set of DFA-s. The find query
will contain a fragment of the DFA and we use it to find DFA-s from
the set where the given fragment has been used.

For example, wemay look for automata acceptingwords {𝜖, 1, 10}.
The query to find such DFA is given in Figure 5. Since we want a
DFA to accept an empty string, the initial state of the DFA is the
accepting state. Since we want to accept the word ”1”, we need
transition with the symbol ”1” . Since we want to accept the word
”10” too, the previous transition should be followed by a transition
with the symbol ”0” to the accepting state.

Figure 5: Find query. Find all DFA-s acceptingwords {𝜖, 1, 10}.

Two DFA-s from the set satisfies the condition. The results are
shown in Figure 6. As already stated, it is possible to see thematched
pattern highlighted in the diagram. Two such examples are given
in Figure 7 and Figure 8.

Figure 6: Find results of find query given in Figure 5.

Figure 7: The find results in Figure 6 highlighted in a dia-
gram.

In figure 8 the same node is used as a match for multiple find
diagram elements. If multiple elements of the same type are required
in the find diagram it matches also recursive structures. However,
if the find query, contains a recursive structure, then only recursive
structures are matched.

It is possible to use the proposed approach for amore complicated
graph structure as well.

Figure 8: The find results in Figure 6 highlighted in a dia-
gram.

4 IMPLEMENTATION
In this section, we describe the implementation of the proposed
approach in a DSL tool development framework ajoo [18]. The
approach could be implemented in any graphical DSL tool develop-
ment framework. However, it should be noted, that the encoding of
the DSL is used in the execution of a find query. The encoding used
by tools differs, therefore to implement the approach in another
tool the find algorithm should be adapted to the encoding used by
the tool. The approach should also be adapted to the architecture
used by the DSL tool development framework.

Ajoo framework is a web-based tool, it works in a browser. The
ajoo is based on the meteor [17] framework. The data are stored
in MongoDB [12]. The framework works in a client-server archi-
tecture. The find query execution algorithm is implemented in
the server-side. The result representation is implemented in the
client-side.

4.1 The Find Algorithm
The implementation of the find algorithm uses data encoding of the
ajoo framework [18]. The data encoding is shown in Figure 9. The
data structure of the ajoo framework is more complicated, but we
show only classes, relations and properties which are important in
the context of the find implementation. The simplified metamodel
of the ajoo platform is shown in Figure 9.

Figure 9: Data encoding used in the ajoo framework.

Ajoo diagrams consist of elements. Since we consider graph
diagrams, then there are nodes and edges in the ajoo. There are

2020-10-23 10:08. Page 3 of 1–5.
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element types for elements and diagram types for diagrams. The el-
ement type defines the style of the element as well as the properties
and tooling - property editors, palette element, etc.. The diagram
type defines supported element types in the diagram. There are also
compartments and compartment types corresponding to attributes
(textual parts) of an element in a diagram. A particular compart-
ment is connected to the particular diagram element. The Yellow
boxes correspond to document collections used in the MongoDB.

The find diagram and other DSL diagrams (potential matches of
a query) have exactly the same data encoding – they both are DSL
diagrams.

The element types are used to find matches of the find query.
The element in a DSL diagram is considered a potential match of an
element in the find diagram if their types (ElementType in Figure
9) are equal. The edge is considered a potential match if edge types
are equal (ElementType in Figure 9) and types of source and target
node of an edge are equal as well.

The algorithm simultaneously works with the find diagram or
the find query (a fragment of a diagram user want to find) and
collection of potential matches. The potential match becomes a find
result if it satisfies all conditions defined by the find query.

The find diagram is processed incrementally. Each unconnected
subgraph of the find diagram is processed separately. Depth-first
style graph traversal algorithm is used to process subgraphs of a
find diagram. The initial set of potential matches is created when
processing the first edge in a subgraph (if subgraph contains any
edges). At each traversal step of the find diagram, the set of potential
matches is filtered, leaving in the set only subgraphs where the
same type of traversal is possible. If multiple different traversals
are available in a potential match then the match is added to the
set of potential matches multiple times (once for each traversal).

Beside constraints defined using element types and graph struc-
ture, there may be constraints on the attribute values. (Attributes
are named Compartments in the ajoo framework.) Only the at-
tributes whose value is set are used as filter conditions in the “find
diagram”. The appropriate attribute in the potential match is found
using the CompartmentType of a Compartment. For attributes of
type string, the substring semantics is used. For other attribute
types equality is used.

4.2 Result Representation
The client-side code is used to represent results of the find query. It
receives a JSON object containing references to the diagrams and
element matches inside them. The results are shown in a navigable
search result table and its role is similar to classical search result
representations. Data on element matches in the diagram are used
to show how many elements in the diagram are matched and to
highlight find results in the diagram. To highlight matches in the
diagram special highlighting mode is used. The style of elements
to be highlighted is modified.

4.3 Implementation in another DSL Tool
Development Framework

As already stated the approach could be implemented in other
DSL tool development frameworks as well. Data encoding of the
framework should be analyzed at first in order to implement the

approach in other DSL tool development framework. It should be
noted that other frameworks provide a wider range of graphical
elements, for example, box in a box, boundary box. The extension of
the search algorithm is required in order to support these elements,
but it wouldn’t affect the general idea.

For example, in the Sirius framework [3] diagrams are just views
on the domain model. There is a domain model describing the se-
mantics of the language and the presentation model (view) describ-
ing graphical representation. The query is defined as a fragment of
a diagram respectively - view. It means the find query (or the find
diagram) should be translated in terms of the domain model. The
instance corresponding to the element in the find query and the
match should be instances of the same domain class. The matches
are instance graphs similar to the instance graph created by the
query. The side effect of the domain and view principle is that
it would also allow finding the representations of the model ele-
ments which are completely different from the representation of
the original query!

As different types of data stores are used in the DSL frameworks,
it may be necessary to adapt the search algorithm to effectively use
the data store of the framework. For example, in the Microsoft Mod-
elling SDK [11] models are stored as XML files. Here to implement
find XML files should be analyzed to find similar XML structure.
To conclude the ideas could be applied in other tools as well. The
graph traversal principles could be reused as well, however, the
data access will be specific to a DSL tool development framework
and encoding used by the DSL tool development framework.

5 RELATEDWORK
The approach closest to ours was proposed in a VMQL [19] and
VMTL [1] projects. There the plugin of the MagicDraw [14] was
created allowing the concrete syntax-based search for UML. The
plugin extracts MagicDraw diagrams as well as search diagrams,
and then it uses a Prolog-based transformation engine to find the
exact matches and similarities in the provided diagrams. Although
the approach could be applied to any language it requires to create
export from a language editor to a Prolog based transformation
engine. In contrast, in the approach proposed in the paper, the
find is available as out of the box service of DSL tool development
framework.

Another difference is that in the VMQL project UML comments
are used as annotations to define constraints in the find queries. We
think that additional constraints are not necessary and fragments
of diagrams are expressive enough to define necessary queries. The
purpose of the approach is to improve the usability of the tool.
Introduction of the find specific elements creates extra complexity
for the user and results in a steeper learning curve.

The approach is also in a sense similar to concrete syntax-based
model transformations [2, 5, 16], model transformations by exam-
ple [8] and model transformations by demonstration [9]. Using
model transformation by demonstration or model transformation
by example there are multiple examples and the transformation
is concluded from examples. In the concrete syntax-based find,
there is only one find query. Compeared to concrete syntax-based
model transformations there is only pattern matching part of the
transformation required in concrete syntax-based find.
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6 CONCLUSIONS
The concrete syntax-based find as a service of DSL tool development
framework has been proposed. The approach has been implemented
in the DSL tool development framework ajoo [18]. The concrete
syntax-based find uses a fragment of a diagram as a find query. The
find is available in any DSL built using the DSL tool development
framework.

The future work is to add find – replace as a service of a DSL
tool development framework. Another direction of future work
could be to implement the approach in other DSL tool development
framework, for example, Sirius [3].
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