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Abstract. Recently, a generic approach for syntax-based user assistance
in diagram editors has been proposed that requires the syntax of the vi-
sual language to be defined by a graph grammar. The present paper
describes how this approach can be applied to the language of business
process models (BPMs), which is widely used nowadays. The resulting
BPM editor provides the following assistance features: combination or
completion of BPM fragments, generation of BPM examples, an exten-
sive set of correctness-preserving editing operations for BPMs, and auto-
link, i.e., the automatic connection of activities by sequence flow.
Furthermore, this paper contains a discussion of the scalability and scope
of the used approach. This also comprises a characterization of the lan-
guages where it can be put to a good use.

1 Introduction

These days, meta-tools are widely used for the development of diagram editors.
That way, an editor can be developed with virtually no programming effort.
Just an abstract language specification, e.g., based on a metamodel or a kind of
grammar, has to be provided from which the complete editor is generated. Well-
known examples of meta-tools are MetaEdit+ [1] and GMF [2]. Beyond these
there are several research tools like AToM3 [3], Pounamu [4], or DiaGen [5].

State-of-the-art meta-tools provide a lot of assistance for the editor devel-
oper. For instance, the appearance of diagram components and the syntax of
the language mostly can be specified in a visual way. In contrast, the generated
editors often do not provide a lot of assistance for their actual users (such as
help with incorrect diagrams). This observation motivates the development of
generic approaches to user assistance in diagram editors. An important require-
ment for the adoption of such an approach surely is that minimal additional
programming or specification effort should be imposed on the editor developer.
Rather the already existing specification should be pushed to its limit.

Recently, such an approach has been proposed and integrated into Dia-
Gen [6, 7]. Furthermore, the different assistance features enabled by this ap-
proach have been described, i.e., auto-completion (deduce missing diagram com-
ponents), diagram correction (combine diagram fragments) and example gen-
eration [7], correctness-preserving editing operations [8], and diagram contrac-
tion/auto-link [9] — Sect. 3 provides concrete examples of all those. However,



up to now this approach only has been applied to toy examples such as the ar-
chaic Nassi-Shneiderman diagrams or the equally simple Flowcharts. Although
the results have been promising, a real world example is required to foster fur-
ther adoption of the approach. Therefore, this paper discusses in detail how the
approach can be applied to business process models (BPMs), which are certainly
a highly relevant language today, and what has been achieved in doing so.

The paper is structured as follows: First, the language BPM is briefly in-
troduced (Sect. 2). For the sake of motivation, this paper continues with the
presentation of the actual outcome, i.e., the assistance features of the generated
BPM editor (Sect. 3). Only then it is explained how the language had to be
modeled in order to apply the approach (Sect. 4). Along the way the approach
itself is recapitulated to make this paper self-contained (Sect. 5). Moreover, a
basic understanding of the approach is also required in order to understand its
scope, which is discussed in Sect. 6. This section contains some performance data
as well. Finally, related work is reviewed (Sect. 7) and the paper is concluded.

2 Business Process Models

BPMs are mostly used to represent the processes (i.e., workflows) within an
enterprise. In recent years a standardized visual notation, the Business Process
Modeling Notation BPMN [10], has been developed, which is readily understand-
able by different kinds of business users with different levels of expertise. In this
paper a subset of BPMN is considered that is outlined by example next.

Fig. 1 shows a typical sales process: A customer orders a product from a
company, which ships it if available. The diagram consists of two pools (big
rectangles), “Customer” and “Sales Department”, which act as containers for
the actual processes. The upper pool contains a start event (simple circle), an
activity (rounded rectangle), an intermediate receive event (two nested circles),
and an end event (thick circle), which are connected by arrows representing the
sequence flow. The other pool contains, among others, two gateways (diamonds),
which are used to split and join the sequence flow. Finally, messages (dashed
arrows) can be sent in the course of an activity.
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In the following only well-structured BPMs are treated, i.e., it is required
that splits and joins are properly nested such that each split has a corresponding
join. This restriction is considered to improve the quality of process models [11]
similar to structured programming, which improves the quality of program code.

3 Resulting Assistance

Next, the assistance features are described that are provided by the generated
BPM editor. It has to be stressed again that the realization of all these features
has required virtually no extra programming effort.

Auto-completion: Incomplete BPMs usually occur as intermediate diagrams
during modeling. But they might also result from a lack of knowledge of a be-
ginner user. The developed editor can generate suggestions on how to complete
such diagrams [7]. Actually, it computes all possible completions up to a user-
defined size. Fig. 2 shows three examples how given incomplete BPM diagrams
can be completed. For the first one, the smallest possible completion consists of
a gateway and three arrows. The second one can be completed by adding a fresh
activity with a default text and linking it properly. Finally, the two BPM frag-
ments given at the right-hand side can be combined into a well-structured process
just by introducing two arrows. Regarding the user interface, auto-completion
is supported by a dialog that allows the user to browse and preview all possible
completions for his diagram.
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Fig. 2. Auto-completion of BPMs

Example generation: An important special case of completion is the empty
diagram, completions of which can be used to enumerate the language. Given the
number of diagram components (arrows are not counted), all possible BPMs of
this size without messages (cf. Sect. 6) can be generated. The user can browse this
set to get valuable insight into the language. This is shown in Fig. 3. There are no
BPMs of size less than three (intermediate events and pools are not considered
in the figure for the sake of conciseness). Since all structurally different examples
are generated, their number grows exponentially with the size parameter. Still
it is useful to have a look at some of them, in particular because an example can
be selected to be the starting point of further editing.
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Fig. 3. Generation of BPM examples
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Fig. 4. Generation of correctness-preserving editing operations

Editing operations: In addition, powerful correctness-preserving editing op-
erations can be generated [8]. Some example operations are shown in Fig. 4. In
the diagram at the left-hand side, the thick arrow has been selected by the user
to determine the context for the operations he is interested in. The highlighted
components are introduced by the particular operation. The figure also shows
that it is sometimes meaningful to allow operations to introduce more than one
new component. Otherwise, a gateway could not be inserted into a correct BPM.
On the right-hand side the operations provided in the context of a gateway are
shown (only a fragment of a correct BPM is shown though). Besides operations
that add components, there also is an intelligent remove operation. Therewith,
one or several selected components can be removed and the remaining diagram
is reconnected automatically (if possible), cf. Fig. 5.
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Fig. 5. Intelligent remove

Auto-link: Finally, inspired by [12], the editor provides auto-link to further
improve the user’s editing performance. This is shown by example in Fig. 6. The



missing arrows are derived from the spatial arrangement of the activities, which
is mostly preserved. The realization of auto-link is explained in detail in [9].
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Fig. 6. Auto-link

4 Modeling BPMs with a Graph Grammar

The editor, whose features have been discussed in the previous section, has been
realized using the DiaGen framework [5]. It has to be stressed, though, that the
assistance part is provided as a separate library [6] independent of DiaGen.

The main advantage of DiaGen editors is that they seamlessly integrate
syntax-directed and free-hand editing. In free-hand mode, diagrams can be drawn
without any restrictions in the manner of a drawing tool. Thereby, feedback
about the syntactical correctness of the diagram is consistently provided by an
analysis module. On the other hand, syntax-directed editing operations can be
defined by the editor developer to simplify frequent editing tasks of the users.
With the newly developed user assistance described in the previous section fur-
ther guidance is provided. So, for the sake of editing freedom the editor still does
not prevent the user from drawing an incorrect diagram. But on request it offers
powerful syntactical assistance helping him to end with a correct one.

DiaGen editors use hypergraphs as a diagram model and hypergraph gram-
mars to define the syntax of the language. Furthermore, all editors generated
with DiaGen follow the same general editing process. This process consists of
several steps as shown in Fig. 7. Those are informally described next.

With the drawing tool, the editor user can create, delete, arrange and mod-
ify the diagram components as defined in the editor specification. Components
usually have some layout attributes, e.g., the position and size of an activity.
Additionally, a set of properties like the label of an activity or the type of an
intermediate event can be defined, which can be manipulated via a special dialog.

The first processing step, the modeler, creates the Spatial Relationship Graph
(SRG) from these components. Therefore, it first creates component hyperedges
for each diagram component and nodes for each of their attachment areas. An
attachment area is a determined part of a diagram component that can interact
with other diagram components. Afterwards, the modeler checks for each pair
of attachment areas whether they are related as defined in the specification. For
instance, an arrow end and an event are at-related if both attachment areas
overlap. As another example, a pool p1 is below another pool p2 if p1.y >
p2.y + p2.h. For each relationship detected, the modeler adds a corresponding
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Fig. 7. Editing process of DiaGen editors

relationship edge between the two attachment nodes involved. This graphical
scanning step is crucial for free-hand editing.

In Fig. 8, a BPM fragment and its SRG are shown. The hyperedges are
represented as rectangular boxes and the nodes as black dots. If a hyperedge and
a node are incident, they are connected by a line.1 Binary hyperedges (such as
all relation edges, the sequence arrows, and the messages) are simply represented
as arrows. Activities and intermediate events have three attachment areas: two
for incoming resp. outgoing sequence flow, one for messages. Gateways have four
attachment areas (namely their corners), and start events have three (one for
the corresponding pool, one for messages, and one for outgoing sequence flow).
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Fig. 8. BPM fragment and its SRG

As one can already see, the SRG becomes quite large. DiaGen editors there-
fore do not analyze the SRG directly, but simplify it first according to the spec-

1 Each line represents a particular role (like “incoming sequence flow”). However,
instead of using labels the graphical arrangement implicitly determines the roles.



ification (similar to lexical analysis in compilers). This step is performed by the
reducer, which creates the so-called Abstract Syntax Graph (ASG). In case of
BPM there is a close correspondence between SRG and ASG. In the ASG, nodes
of the SRG that are connected by a relationship edge are merged. Furthermore,
the arrows for sequence flow do not occur in the ASG anymore. Rather the nodes
connected by such an arrow are also merged. Fig. 9 shows the complete ASG
of the example sales process. This ASG now directly represents the structure of
the diagram and, thus, can be syntactically analyzed by the parser.
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Fig. 9. ASG of the example sales process shown in Fig. 1

In DiaGen, hypergraph grammars are used for language definition. They
generalize the idea of Chomsky grammars for strings as used by standard com-
piler generators. Each hypergraph grammar consists of two finite sets of terminal
and nonterminal hyperedge labels and a starting hypergraph that contains only
a single nonterminal hyperedge. Syntax is described by a set of productions. The
hypergraph language generated by the grammar is defined by the set of termi-
nally labeled hypergraphs that can be derived from the starting hypergraph.

Fig. 10 shows the productions of the hypergraph grammar GBPM whose lan-
guage is just the set of all ASGs of structured BPMs. For conciseness, productions
L ::= R1, L ::= R2, ... with the same left-hand side are drawn as L ::= R1|R2|...
The types pool, start, end, inter, activity, gateway and message are terminal
hyperedge labels being used in ASGs. The set of nonterminal labels consists of
BPM, Pool, Process, Flow and FlElem. The starting hypergraph consists of just
a single BPM edge with an incident node. Most of the required productions are
context-free, i.e., their left-hand side consists of just a single nonterminally la-
beled hyperedge together with the appropriate number of nodes. There are only
three non-context-free productions, P10-P12, that embed a message between
two activities or an activity and a start resp. intermediate event.

The application of a context-free production removes an occurrence e of the
hyperedge on the left-hand side of the production from the host graph and
replaces it by the hypergraph Hr on the right-hand side. Matching node labels
of both sides of a production determine how Hr has to fit in after removing
e. Context-free hypergraph grammars are described in detail in [13]. Fig. 11
shows an example derivation starting from Process. Only for the last step, the
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Fig. 10. Hypergraph grammar for BPMs

introduction of a message, an embedding production has to be applied. The
grammar GBPM is unambiguous, so that there is a unique derivation tree for the
context-free part of every hypergraph of the language, which can be constructed
by the parser.

Process start Flow end
P4⇒ P6⇒ start FlElem end

Flow

⇒ ⇒ start FlElem end
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message

P10⇒ gateway gateway

activity

start end

Fig. 11. Example derivation

The final processing step of a DiaGen editor is the layouter, which computes
a layout for the diagram. The developed BPM editor relies on a constraint-based
layout, where the constraints are gathered, among others, from the derivation
information resulting from the parser.



5 Hypergraph Patches for User Assistance

In previous work [7], hypergraph patches have been proposed as a means for the
realization of user assistance in diagram editors. A patch basically describes a
modification of a given hypergraph H. Two different kinds of atomic modifi-
cations are considered: merging nodes and adding edges. Of course, arbitrary
modifications of a hypergraph are not very helpful. Rather those modifications
are required that transform H into a valid member of the language defined by a
given grammar G. Such patches indeed can be computed while parsing [6].

Consider the hypergraph H given in Fig. 12 as an example. For simplicity,
assume that Process is the start symbol of GBPM, i.e., disregard pools for a
moment. H then can be corrected by merging the nodes n5 and n6. However, it
can also be corrected by inserting an activity hyperedge at the proper position.
Note that there might be an infinite number of correcting patches. Actually, an
arbitrary number of activities or intermediate events could be inserted between
the activity and the end hyperedge in H. So the size of desired patches (i.e., the
number of additional hyperedges) has to be restricted.2
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Fig. 12. Hypergraph patches in the context of BPM

Fig. 7 also shows how patches can be integrated into the DiaGen editing
process: On user’s request the parser is triggered with the desired size of patches
as a parameter. It computes all possible correcting hypergraph patches of this
size. From those the user has to choose. Next, the selected patch is applied and
embedded into the SRG using a language-specific update translator. The editor
then calls the reducer and parser again. Finally, the layouter arranges the new
components within the diagram and adapts existing components if necessary.

The update translator for BPMs can be implemented quite straightforwardly.
For instance, if n5 and n6 in Fig. 12 are to be merged, this is translated to
embedding a sequence arrow (and some relations) between the activity and the
end event. As another example, imagine n1 had to be merged with an attachment
node of a particular pool edge. Then a spatial relationship edge inside has to
2 The deletion of edges and the splitting of nodes has not been considered, because

existing diagram components and “relevant” spatial relations of the user’s diagram
should be respected (except for intelligent remove). Also, patches are not allowed to
introduce nonterminal edges, because those do not have a visual representation.



be inserted between the corresponding nodes in the SRG. After reduction and
parsing, the layouter moves the corresponding sub-process inside of the pool.

Patches are also useful if the given diagram is correct already. For instance,
the operations introduced in [8] even require the input diagram to be correct.
Additionally, the user has to select a context in order to access possible oper-
ations. The key idea has been to separate those edges on the ASG level that
correspond to the user’s selection from the non-selected part. Roughly speak-
ing, the ASG is artificially broken into pieces and repaired again with certain,
relevant patches that constitute meaningful operations.

6 Discussion

It is important to stress that the described patches are solely computed from
the grammar. Semantics is not at all considered. Therefore, an activity (or any
other diagram component) inserted as assistance only carries a default label.

Generally, the possible assistance is heavily affected by the way a language is
modeled. For instance, with the grammar shown in Fig. 10 only the start event
is connected to the containing pool on the abstract syntax level. Therefore,
an unconnected activity could even be moved to another pool for the sake of
correction. One could have also modeled the language in a way such that each
activity is connected to the pool it is surrounded by. This would prevent the
movement of activities to other pools.

Another important issue is how to deal with the different gateway types that
are possible in BPMN. At the moment, the type (parallel, exclusive, etc.) can
be adjusted in a property dialog, but it only affects the visual appearance of the
gateway component. However, a branching can easily be prevented from being
joined by a different type of gateway: It is sufficient to add another terminal
symbol par gateway and another production equal to P9, but with par gateway
edges instead of gateway. The grammar could also be extended to support more
than two parallel branches or other kinds of structured concepts such as loops.
However, with loops it has to be accepted that mostly there will not be a unique
solution for auto-link anymore.

Note that based on GBPM example generation yields a very large number
of results (at least if used straight away). The problem is that activities and
intermediate events can be used interchangeably according to the syntax of the
language. So, in order to get an example with n activities, a lot of (i.e., 2n − 1)
further examples will be generated with intermediate events instead of certain ac-
tivities. Therefore, the editor developer can list such (somehow redundant) edge
types so that the parser does not create those edges for the sake of completion.
Of course, intermediate events drawn by the user are still perfectly accepted.

6.1 Who benefits?

An empirical user study has not been conducted yet, but is being planned.
However, some benefits of the provided assistance can already be discussed in
an abstract way. Remarkably, both the users and the developer benefit.



Beginner users can quickly explore and learn the visual language at hand
by looking at example diagrams. That way, they do not need to know anything
about grammars, which makes the editor more accessible. After having gained
some insight in the particular language, they can start drawing diagrams. In case
of modeling errors they can rely on the provided assistance.

Advanced users benefit from auto-link, which avoids the tedious work of
drawing connections, and the generated editing operations, which provide a lot
of flexibility and speed up editing.

The editor developer does not need to specify (certain) editing operations by
hand anymore, which is a tedious and error-prone task. Rather diagram-specific
editing operations are automatically computed from the grammar at runtime.
Moreover, prototyping and testing of editors is simplified, because the generated
examples can be used to quickly validate the specification.

6.2 Scope of the Approach

There is a severe general restriction of the approach: Only languages that are
mostly context-free can benefit from its application. So, for the computation of
patches embedding productions are not considered. In case of BPMs this means
that messages, which can be embedded between arbitrary activities, are not part
of the computed patches. Existing messages drawn by the user are tolerated by
the parser, of course. If only well-structured BPMs have to be covered, all other
productions are context-free (cf. Fig. 10), so that the approach is still applicable.
Arbitrary sequence flow, however, cannot be supported.

But why not consider embedding productions for the sake of completion?
There is a simple intuition behind this restriction: The more restricted a language
is, the more powerful the possible assistance can be. If everything is allowed, no
corrections are required at all. Since messages can be inserted between arbi-
trary activities, just too many solutions would exist (n2 for n activities). Those
cannot be browsed easily anymore. A completely different user interface would
be required to make effective use of this information, e.g., connector handles.
Therefore, the parser does not create messages (and other kinds of embedded
edges) as part of patches.

Another reason why languages such as class diagrams can hardly be sup-
ported is that graphs of this language usually consist of a lot of different con-
nected components. However, heavily disconnected graphs can be derived from
a grammar in a lot of different ways, i.e., the language is inherently ambigu-
ous. Therefore, one and the same completion would be returned as a result very
often. Even worse, for disconnected graphs parsing is known to be inefficient.
To overcome this issue, DiaGen provides so-called set-productions that can be
used if the order in which components are derived does not matter. But those
are not supported (yet) for completion.

However, several practical languages already can be modeled in a way that
avoids these issues. For instance, an editor for Message Sequence Charts (MSCs)
with user assistance has also been specified already. Lifelines thereby have to be



arranged in the ASG in a particular order, i.e., from left to right.3 Messages,
again, are just embedded. Fig. 13 shows an MSC and its ASG to clarify this issue.
Modeling MSCs that way allows for plenty of user assistance: Examples (without
messages) can be generated, isolated actions can be moved onto lifelines, editing
operations can be used to insert an action between existing actions and so on.

lifeline lifeline lifeline

action action

action
message

Fig. 13. Modeling MSCs: example diagram and corresponding ASG

6.3 Performance

Performance has always been a problem of the approach (or, more precisely,
its realization). However, recently a substantial improvement factor has been
achieved with respect to performance, so that the patch-computing parser is
now ready for practice. On the one hand, the algorithm itself has been improved
by using more intelligent data structures. On the other hand, support for multi-
threading has been added. Indeed, the filling of layers by the parser as described
in [6] can be parallelized in a straightforward way (one thread per production).

Fig. 14 provides some performance data gathered on a standard Notebook
(Intel Core2 Duo with 2GHz each, 2GB RAM). As input BPMs with several
pools have been used that contain a process at a time consisting of a start event,
an activity, and an end event. Every input graph contains exactly one error
that can be repaired by merging two nodes. The x-axis determines the size of
the input graph, i.e., the total number of edges. Data for different patch sizes
(number of additional edges to be added by the parser) has been collected. With
zero edges (add 0) just the two separated nodes are merged. If several edges are
to be introduced (add 1,2,3) the only result is the introduction of this number
of activities between the separated nodes. Performance naturally drops if too
many edges are to be introduced. However, it can be seen that for most small
and medium-sized diagrams assistance can be computed in less than a second.

Future performance improvements are possible by introducing better support
for modularization. For instance, in BPM better performance could be achieved,
if the pools with their respective contents would be treated independently.

3 The same approach has also been used in BPM for modeling the pools.
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7 Related Work

Text editors: In the context of text editors, approaches for the combination
of different editing modes have a long tradition. A widely known system is the
Synthesizer Generator [14], which allows the generation of editors that support
both structure and text editing. However, following this approach the editor
developer has to decide which syntactic construct is to be edited in which mode.
The Syned system [15] overcomes this limitation by seamlessly integrating both
editing modes, so that the users can edit as they like and not as the developer
thought they would like. However, this approach cannot directly be transferred to
diagram editors, because in diagrams there is no obvious concrete representation
of nonterminal symbols in general. Moreover, for a novice user it is probably
easier to only deal with fully expanded diagrams (and still have syntax-directed
operations at hand). Regarding error recovery, modern textual IDEs, be they
generated or hand-crafted, certainly provide sophisticated user support [16].
Meta-tools: GMF [2] editors provide connector handles (drag connections out
of a node) and action toolbars (fill compartments of a node, e.g., adding an
attribute to a class). MetaEdit+ [1] provides different kinds of static assistance
[17]. So, it automatically creates a language help based on the data entered
by the language developer. It also supports the creation of so-called tutorial
projects. The tool AToM3 has been extended to support model completion [18].
Constraint logic programming is exploited to this end (as in SmartEMF [19],
GEMS [20], or the check engine of [21]). Ehrig et al. suggest the generation of
instance models of a particular metamodel by means of a graph grammar [22].
BPM tools: Koschmider et al. have proposed ideas for user assistance in BPM
tools. In a recent approach [23] relevant process fragments are recommended
based on a repository of semantically annotated processes. Such repository-based
approaches have the advantage that best practices in modeling can be promoted.
Indeed, a syntactically correct process resulting from our assistance might still
violate particular modeling guidelines or comprise semantical problems such as



deadlocks. In [12] a pattern-based approach for BPM editing has been proposed
and implemented for the IBM WebSphere Business Modeler. Also the auto-
link feature has been described already in [12]. Finally, it has to be admitted
that special-purpose approaches usually are more efficient. Language-specific
optimizations often can be incorporated into the parser. For instance, in [24] an
efficient parser for workflow graphs has been proposed that runs in linear time.

8 Conclusion

In this paper a BPM editor with user assistance has been presented as a showcase
for the previously introduced generic approach to syntax-based user assistance in
diagram editors. With virtually no programming effort powerful assistance fea-
tures have been realized most special-purpose modeling tools not even provide.
Those features help both in learning and dealing with BPMs. Moreover, thanks
to the underlying formal approach (hypergraph grammars and hypergraph trans-
formation) the provided assistance satisfies several desirable properties, e.g., the
preservation of correctness. Since the editor is generated from an abstract specifi-
cation it can be extended or adapted easily. A screencast of this editor in action is
provided at http://www.unibw.de/inf2/DiaGen/assistance/bpm. There, the
editor is also available for download as an executable Java archive.

In future, an incremental version of the used parser has to be developed. This
would have two benefits: First, the performance can be further improved. And
second, it would be possible to provide assistance in a more pervasive way, i.e.,
suggestions could be given while editing and not only on user’s request. Finally,
a comparative user study has to be performed.
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