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Abstract

In this paper, we present a general purpose discrete event
simulation framework for domain-specific visual languages
describing system behavior. In our framework, the dynamic
semantics of the language is captured by a combination of
graph transformation and abstract state machine rules as
provided by the model transformation language of VIA-
TRA2, which allows to capture complex model changes at
each simulation step. For an efficient execution of the simu-
lation, incremental graph pattern matching is used to avoid
the re-computation of enabledness conditions of simulation
rules by incrementally keeping track of rule contexts.

1 Introduction

Visual domain-specific languages (DSLs) are used
nowadays in a wide range of applications ranging from
embedded to enterprise-scale systems. Many of such lan-
guages aim to capture the dynamic, behavioral aspects of
the system under design. In order to support early vali-
dation of design decisions, these dynamic models are in-
vestigated by sophisticated simulation tools. In the current
paper, we primarily focus on discrete-event simulations of
domain-specific models.

Simulation based early system validation can be car-
ried out by mapping domain-specific models into existing
mathematical simulation tools using model transformations.
While dedicated simulation tools (such as MATLAB/CST)
can provide good performance for large models, their ap-
plicability and adaptability is limited to the capabilities of
the simulation environment itself. For performance rea-
sons, these tools limit the kind of allowed changes in the
model. For instance, (i) “token game” simulators capture
the data and control flow in a static network, (ii) “birth
and death” simulators (used for evaluating Markov Chains

in performance analysis) enable the creation and deletion
of objects, but they are unable to model complex contex-
tual logical conditions for such changes. Moreover, when
domain-specific models (DSMs) are projected into existing
simulation tools, the result of a simulation is provided on
the level of mathematical models, and not directly on the
DSM level, which can be a limitation for domain experts.

In the current paper, we focus on efficient simulation
directly within a domain-specific modeling environment
based upon the dynamic semantics of the DSL. For captur-
ing the dynamic semantics of the language, we rely upon the
transformation language of the VIATRA2 framework [23],
which combines abstract state machines and graph trans-
formation to a single rule-based specification formalism al-
lowing to express arbitrarily complex model changes. As
the main conceptual novelty compared to previous solu-
tions using a graph transformation paradigm, we use incre-
mental graph pattern matching [3] for efficient simulation,
which evaluates enabledness conditions of simulation rules
in constant time by keeping track of model changes in an
incremental way. Moreover, our simulation framework also
supports in-place model changes (e.g. user-driven editing)
during simulation.

The rest of the paper is structured as follows. Section 2
provides a brief conceptual overview of our approach. In
Sec. 3, we demonstrate how the dynamic semantics of a
simple domain-specific language can be captured using the
transformation language of VIATRA2. Section 4 provides a
brief insight how incremental pattern matching provides a
background for efficient simulation. In Sec. 5, we describe
the simulation environment itself. Finally, Sec. 6 discusses
related work and Sec. 7 concludes our paper.

2  Overview of the Approach

First, we give an overview of our approach, discussing
the conceptual foundations and the main ideas.



Discrete model simulation with complex model changes.
In this paper, we focus on discrete model simulation which
is applicable to domains where the state-space can be eval-
uated in discrete time intervals. Our approach is targeted
at domains where all concepts can be captured using a fi-
nite number of dynamic entities, each having a well-defined
life cycle. Examples of such domains include various state
machine formalisms, token games, or data flow networks.

Additionally, our approach supports systems involving
arbitrarily complex model changes including the birth and
death of objects, reconfiguration of networks, etc. Note that
dynamic changes are not limited to dedicated model ele-
ments of the model (e.g. tokens) but arbitrary model objects
may be created and deleted during simulation.

For discrete model execution, our approach makes use
of model transformations operating on a graph representa-
tion of model elements. Dynamics semantics are specified
by defining simulation rules which represent a transition in
the discrete state-space. A rule is specified by (i) the appli-
cation context, which determines the set of model elements
affected by the rule, (ii) the enabledness condition, which is
a (complex) constraint defined over the context, determin-
ing the applicability of the given rule, and (iii) an action
sequence, describing the atomic model manipulation oper-
ations needed to execute the rule. These rules are formally
captured by a combination of graph transformation [8] and
abstract state machine rules [5] as provided by VIATRA2.
Integrated design-time simulation. Based upon the set of
rules capturing dynamic semantics, our simulation frame-
work supports the execution of a domain-specific model
inside the modeling environment. Integrated into the Via-
traDSM domain-specific modeling tool, the simulation en-
gine may be invoked at any time; moreover, models are ex-
ecuted at the high abstraction level of the DSL (like in spe-
cialised simulation tools), ensuring domain consistency.

Model execution can be either fully automatic or user-
guided. User assistance is a requirement in many cases,
e.g. when design-time testing is performed by designers.
Additionally, interactivity is also used for resolving non-
determinism, which is frequently present in practical model
simulation scenarios. In that case, the user is given a set of
choices at a choice point, and the execution continues de-
pending on the actual choice.

Generally, an interactive model transformation system
may use three levels of abstraction for guided execution:

1. Atomic model manipulation, where a step in the execu-
tion process corresponds to a simple model manipula-
tion command such as create node, delete edge, etc.

2. High-level constructs of the transformation language,
where a step corresponds to a logically atomic rule of
the transformation language (e.g. find patterns, apply a
graph transformation rule, etc.).

3. Domain-specific execution, where a step corresponds

to a transition in the state space as described by the
semantics of the language, and may be comprised
of multiple steps in the transformation language (and
even more atomic model manipulation steps). Such a
domain-specific step is specified by the language engi-
neer in a way that well-formedness constraints are pre-
served.

Our approach provides simulation support on the highest
level of abstraction (No.3), since it corresponds directly to
the behaviour of specialised simulation tools. Furthermore,
as a novel feature, we allow the user to initiate arbitrary
changes to the model during simulation, which is conceptu-
ally similar to variable overwriting in traditional debuggers.
As the models are executed, the user is able to alter the
execution path by resolving non-determinism or influence
data-dependent branches by editing the model on-the-fly.

Efficiency. The simulation system depends on the eval-
uation of enabledness conditions corresponding to simu-
lation rules. By our approach, such a condition may be
expressed in the form of a graph pattern. Traditionally,
the re-evaluation of such a condition would require the re-
computation of pattern matches, which is expensive.

To eliminate the problem, we make use of our novel in-
cremental pattern matcher [3], which maintains the match
set (i.e. all contexts for which an enabledness condition
holds) incrementally as the model is changing, thus elimi-
nating the need for expensive re-computation. Thus, at each
iteration, the application contexts can be retrieved quickly,
even if the user made direct changes. As a result, our imple-
mentation provides an efficient framework suitable for large
models, where execution is fast as long as the model space
fits into memory.

3 Defining dynamic semantics for simulation

In the paper, we use Petri nets (formally, Place/Transi-
tion nets with inhibitor arcs) as a demonstrating example to
illustrate our approach.

Figure 1. A sample Petri net.

Petri nets (Fig. 1) are widely used to formally capture
the dynamic semantics of concurrent systems due to their
easy-to-understand visual notation and the wide range of
available analysis tools. Petri nets are bipartite graphs,
with two disjoint sets of nodes: Places and Transitions.



Places may contain an arbitrary number of Tokens. A token
distribution defines the state of the modelled system. The
state of the net can be changed by firing enabled transitions.
A transition is enabled if each of its input places contains
at least one token and no place connected with an inhibitor
arc contains a token (if no arc weights are considered).
When firing a transition, we remove a token from all input
places (connected to the transition by Input Arcs) and add
a token to all output places (as defined by Output Arcs).

3.1 Metamodels of Petri nets

As the first step, we described the abstract syntax of Petri
nets by metamodeling. For this purpose, we use the VPM
(Visual and Precise Metamodeling) [24] approach, which
can support different metamodeling paradigms by support-
ing multi-level metamodeling with explicit and generalized
instance-of relations.

The VPM language consists of two basic elements: the
entity (a generalization of MOF package, class, or object)
and the relation (a generalization of MOF association end,
attribute, link end, slot). Entities represent basic concepts
of a (modeling) domain, while relations represent the rela-
tionships between other model elements.

In graph terminology, entities can be interpreted as nodes
while relations are edges. Entities in a metamodel define
node types while entities in models are simply referred to as
nodes. In the paper, we use the VPM terminology for mod-
els to avoid the overloading of terms “node” and “edge”,
also used in the context of RETE networks in Sec. 4.

A simple Petri net metamodel, represented in VIATRA2,
is shown on Fig. 2.

InhibitorArc
[Relation]

OutAre
[Relation]
Place Transition
[Entity] [Entity]
InArc

tokens  [Relation]
[contains]

Token
[Entity]

Figure 2. Petri net metamodel in VIATRA.

3.2 Specifying simulation rules

The dynamic semantics of a domain-specific language
is described in our approach by simulation rules. A rule
R = (EC, AS) is defined by an enabledness condition EC
and an action sequence AS, which describes model manip-
ulation. Formally, an enabledness condition corresponds to
a graph pattern, and model manipulation can be described
by graph transformation (GT)) or abstract state machine
(ASM) rules as available in the transformation language of

the VIATRA2 framework [23]. A simulation rule is exe-
cuted in a model context, which consists of model elements
satisfying constraints prescribed by the enabledness condi-
tion. These contexts are implicitly defined by matches of
graph patterns defining an enabledness condition.

3.2.1 Enabledness condition

Graph patterns represent conditions (or constraints) that
have to be fulfilled by a part of the model in order to execute
some manipulation steps on the model. The basic pattern
body contains entity and relation definitions, which are to
be matched when evaluating the pattern.

Patterns may call other patterns using the find keyword,
which enables the reuse of existing patterns as a part of a
new (more complex) one. The semantics of this reference
is similar to that of Prolog clauses: the caller pattern can be
fulfilled only if their local constructs can be matched, and if
the called (or referenced) pattern is also fulfilled. A negative
application condition (NAC, defined by a negative subpat-
tern with the neg keyword) prescribes contextual conditions
for the original pattern which are forbidden in order to find
a successful match. Negative conditions can be embedded
into each other (e.g. negations of negations).

As an example, the firing enabledness condition for a
Petri net transition may be expressed using a graph pattern
as shown in Fig. 3. This pattern uses nested negative ap-
plication conditions to express that a Transition is enabled
if every input Place instance connected to the Transition in-
stance has at least one Token instance associated and no
inhibitor input Place instance contains tokens. In this ex-
ample, embedded NACs are used to express universal quan-
tification with double negation of existence.

pattern transitionFireable (T)= o N
{ TransitionFireable (T)
transition(T);
neg pattern notEnabled(T)= NEC

{ : Place
place (P);

outArc (OutArc, P, T); NEG . iokens
neg pattern placeToken (P)=

(
token (Tok) ;

tokens (_X, P, Tok);

: OutArc

OR

}

}

or { // inhibited pattern
place(P);
inhibitorArc (OutArc, P, T);
token (Token) ;
tokens (_X, P, Tok);

)

)

~InhibitorArc

Figure 3. Petri-net firing condition

3.2.2 Action sequence for firing

Graph transformation (GT) [7] provides a high-level rule
and pattern-based manipulation language for graph models.
In VIATRA2, graph transformation rules may be specified



by using a precondition (or left-hand side — LHS) pattern
determining the applicability of the rule, and a postcondi-
tion pattern (or right-hand side — RHS) which declaratively
specifies the result model after rule application. Elements
that are present only in (the image of) the LHS are deleted,
elements that are present only in the RHS are created, and
other model elements remain unchanged. Further actions
can be initiated by calling any ASM instructions within the
action part of a GT rule, e.g. to generate code. For instance,
a GT rule may specify how to remove (or add) a token from
a place, as shown in Fig. 4.

// Removes a token ‘Place’
gtrule removeToken

(in P, in T)

rom

{
precondition
f£ind sourcePlaceWithToken

Remove token

LHS - precondition RHS - postcondition

// pattern call

"5, 200
POStCOﬂ ition tokens.
find sourcePlaceWithoutToken
o g

}
// Adds a token to ’Place’

gtrule addToken

(in P, in T)= T InArc T InAre
( Transition Transiion

Add token

LHS - precondition RHS - postcondition

precondition
find targetPlaceWithoutToken
(T, P, Tok);
postcondition
find targetPlaceWithToken
(T, P, Tok);

Figure 4. Graph transformation rules for
adding and removing tokens

Using these constructs, complex simulation steps can
be described. Listing 1 shows a sequence which executes
transformation rules simulating the firing of a transition,
i.e., the removal of tokens from input places and the ad-
dition of tokens to output places.

rule fireTransition(in T) = seq {
/+ remove tokens from all inpt

forall Place with find inputPlac
do apply removeToken (T, Place);
/+ add tokens to all output plac /
forall Place with find outputPlace (T, P)
do apply addToken (T, Place);

}

Listing 1. Simulation rule transition firing

4 Tracking enabledness with incremental
pattern matching

In this paper, we rely upon the incremental pattern
matcher component of the VIATRA2 framework [3], which
adapts the RETE algorithm, a well-known technique in the
field of rule-based systems.

RETE network for graph pattern matching. RETE-
based pattern matching relies on a network of nodes storing

partial matches of a graph pattern. A partial match enu-
merates those model elements which satisfy a subset of the
constraints described by the graph pattern. In a relational
database analogy, each node stores a view. Matches of a
pattern are readily available at any time, and they will be
incrementally updated whenever model changes occur.

Input nodes serve as the underlying knowledge base rep-
resenting a model. There is a separate input node for each
entity type (class), containing a view representing all the in-
stances that conform to the type. Similarly, there is an input
node for each relation type, containing a view consisting of
tuples with source and target in addition to the identifier of
the edge instance.

At each intermediate node, set operations (e.g. filter-
ing, projection, join, etc.) can be executed on the match
sets stored at input nodes to compute the match set which is
stored at the intermediate node. The match set for the entire
pattern can be retrieved from the output production node.
Based on the VIATRA2 language constructs, we identify the
following RETE nodes:

e Join. The key component of a RETE is the join node,
which performs a natural join on its input nodes in
terms of relational algebra.

e Pattern call. An important feature of the RETE algo-
rithm is that network parts can be shared between pat-
terns, thus reducing space and time complexity. When
a pattern calls another pattern, it can simply use the
appropriate production node to obtain the set of tuples
conforming to the other pattern.

e Negative conditions. A negative node contains the
set of tuples stored at the primary input which do not
match any tuple from the secondary input (which cor-
responds to anti-joins in relational databases).

e OR-Patterns. Since OR-patterns are treated as a
disjunction of independent pattern bodies, a separate
matcher can be constructed for each body by sharing
the production node, which will perform a union oper-
ation on the sets of tuples conforming to each body.

Updates after model changes. Model changes are propa-
gated through the network, modifying the match sets stored
at the nodes incrementally, since each node only recomputes
a partial matching.

Input nodes receive notifications about changes on the
model, regardless whether the model was changed program-
matically (i.e. by executing a transformation) or by user in-
terface events. Whenever a new model element is created or
deleted, the input node of the appropriate type will release
an update token on each of its outgoing edges. Such an up-
date token represents changes in the partial matches stored
by the RETE node. Positive update tokens reflect newly



added tuples, and negative updates refer to tuples being re-
moved from the set.

Upon receiving an update token, a RETE node deter-
mines how the set of stored tuples will change, and release
update tokens of its own to signal these changes to its child
nodes. This way, the effects of an update will propagate
through the network, eventually influencing the result sets
stored in production nodes.

The match set can be retrieved from the network in-
stantly, i.e. there is no computation involved, which makes
pattern matching a very efficient process. As a trade-off,
there is increased memory consumption, and since stored
result sets have to be continuously maintained, this imposes
an overhead on update operations.

Example. As an example, we gradually construct a RETE-
based pattern matcher capable of matching the pattern tran-
sitionFireable, which, in turn, is the enabledness condition
for the Petri net firing simulation rule (Fig. 3). Its incremen-
tal tracking will allow to immediately find active contexts
for a simulation step, which significantly speeds up simula-
tion.

-~ P INPUT
/ INPU;
ame 1N

pattern sourcePlace(T, P) = {
transition(T);
place (P) ;
outArc(A, P, T);

Qﬂ.l
PRODUCTION
sourcePlace

Figure 5. RETE matcher for 'sourcePlace’

Figure 5 shows a RETE network matcher built for the
sourcePlace pattern illustrating the use of join nodes. By
joining three input nodes (the top-most nodes on Fig. 5),
this sample RETE net enforces two entity type constraints
("Place’ and ’Transition’ entity types on the left and right
input nodes) and an edge (connectivity) constraint (corre-
sponding to the relation connecting the 'Place’ and *Tran-
sition’ entity types), to find pairs of Places and Transitions
connected by an out-arc.

Figure 6 shows the matcher for pattern transitionFire-
able, containing a negative pattern with two bodies. In this
case, each body is a simple reference to a previously con-
structed pattern, connected to a single production node for
the inline pattern. The referenced patterns notEnabled(T)
and isInhibited(T) are slightly compacted version of the real
pattern definitions.

INPUT PRODUCTION
notEnabled isInhibited

pattern transitionFireable (T)= C I C I

! A r'd

transition(T);
. _ PRODUCTION
r’Aeg pattern notFireable(T) notFireable

PRODUCTION

find notEnabled(T) ;
} or {
find isInhibited(T);

}

PRODUCTION
isTransitionFireable

Figure 6. RETE matcher: 'transitionFireable’

5 Interactive simulation

In this section, we provide a detailed description of our
simulation framework based on the foundations of Sections
3 and 4. While graph transformation has already been used
as a specification mechanism for interactive simulations of
DSMs, our main conceptual novelty lies in the underlying
incremental pattern matching, which provides significant
increase in performance, and allows strong integration be-
tween model editing and simulation.

5.1 The simulation process

Using the simulation rules defined in Sec. 3.2, the sys-
tem manages the simulation process by an implicitly de-
fined state transition system. A state encodes the infor-
mation describing which simulation rules are enabled for
which contexts (e.g. in the Petri net example, a state could
be “transitions t1 and t2 are enabled”).

A state transition occurs when a simulation rule is ex-
ecuted for a specific context. Depending on the execution
mode, the rule execution can be triggered (i) automatically,
in the case of as-long-as-possible simulation, when the sys-
tem runs until there is at least one enabled rule; (ii) by the
user, in the case of debug-style stepping execution. When
there are multiple enabled rules, such non-determinism can
be resolved automatically, or by the user (choosing a rule to
execute through the graphical interface).

After a simulation rule has been executed, the next state
is determined by the evaluation of the enabledness condi-
tions. Since the matching sets of patterns corresponding to
enabledness conditions are incrementally tracked by the un-
derlying RETE network, the calculation of the actual state
is carried out instantaneously.

The most important phases of the simulation process in
the Petri net example are illustrated on Fig. 7.

1. The simulation begins by the evaluation of all enabled-
ness conditions; for the single simulation rule of the
Petri net example, this is done by retrieving the match-
ing set for the isTransitionFireable pattern (Fig. 6)
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Figure 7. Petri net simulation phases

from the RETE network. For the sample Petri net in
Fig. 7(a), the initial matching set only includes the fork
transition. Thus, the initial simulation state has been
calculated; since there is only one enabled transition,
the user may proceed by firing that transition, or by in-
voking the automatic execution mode to proceed to the
next simulation state.

2. Fig. 7(b) shows the sample Petri net after the fork tran-
sition has been fired. As the Token model elements
have been moved by the simulation rule, the RETE net-
work was automatically updated to indicate that now
transitions join and exit are enabled. Since two possible
continuation paths exist, this non-determinism may be
resolved randomly (in case of automated execution) or
by user choice (guided simulation). If the exit transition
is chosen, the system will reach a trap state (Fig. 7(c)).
In a trap state, no enabledness conditions are fulfilled,
thus there are no possible continuation paths.

3. As the simulation system is fully integrated into the
ViatraDSM domain-specific modeling framework, the
user can make various changes as the simulation is be-
ing executed. The simulation engine calculates the sim-
ulation state incrementally based on the actual model,
the user may influence the simulation process by edit-
ing the model on-the-fly. In Fig. 7(d), two possible
editing actions are shown: the user may re-enable the
transition join by either placing a new foken into the
empty input place (denoted with 1), or delete the input
arc (denoted with 2). In both cases, the RETE network
is automatically updated following the editing action,
moving the simulation system back into a state where
Jjoin is enabled for firing. This feature is analogous to
variable overwriting in program debuggers, however it
allows for modifications on the DSM level. The user
may also execute model editing which does not influ-
ence the simulation state. Fig. 7(e) shows a possible fi-
nal state for the simulation (when a cycle has been com-

pleted) where the user has fired the join transition and
removed a token from the output place of exit, which
does not influence any enabledness condition.

It is important to note that user editing may only occur
when the simulation engine is stopped after a rule has been
executed; all rule executions occur in a transaction to ensure
domain consistency.

Additionally, transformation rules (with enabledness
conditions and action sequences) can be added, changed,
and removed dynamically, since the construction of RETE
networks is dynamically performed as pattern definitions
are loaded. This feature is analogous to “hot code replace”
found in modern program debuggers, and very important
for agile development.
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Figure 8. Running a simulation in the Petri net
editor.

In Fig. 8, the Petri net simulation is displayed in the con-
crete syntax model (diagram), shown on the left. In addi-
tion to the synchronization of abstract syntax models (tree
viewer) and diagrams, the system provides an extensible
programming interface to provide decoration for elements
included in the context of simulation rules; in Fig. 8, fire-
able transitions are highlighted with red colour.

5.2 Performance

From the point of view of performance, the most relevant
benchmarks for system simulation are the execution time
for simulation sequences as a function of the complexity
(size) of models. While a concise and detailed benchmark
report is out of scope for the current paper, we present some
initial measurements.

Concerning execution time, an initial performance
benchmark was published for our RETE-based incremen-
tal pattern matcher in [3]. The results have shown that the
incremental approach in itself can provide a speed-up of
two orders of magnitude (compared to local search-based
non-incremental pattern matchers) for as-long-as-possible
type model transformations, such as Petri net simulation.
This is explained by the fact that the RETE network drasti-
cally reduces computation time for iterative pattern match-
ing, which is traditionally the most costly phase. In our Petri



net benchmark, we used a real analysis model developed in
the HIDENETS [22] European Union research project, con-
sisting of 63 places, 69 transitions, and 302 arcs. Our sim-
ulator was capable of firing 10000 consecutive transitions
within 3-4 seconds on a modern desktop computer.

Since the RETE network essentially sacrifices memory
consumption for speed, we have also concluded some ini-
tial investigations on how much memory is consumed for
the benchmark used in [3]. With the Java VM version 1.6.0,
the RETE network constructed for the mentioned Petri net
graph consumed about 5 megabytes. While the size of the
network may vary intensively with the pattern size, the con-
tents of a pattern, and the model sizes, the incremental pat-
tern matching guarantees that as long as there is enough
memory, the execution will be fast.

6 Related work

While industrial environments such as MetaEdit+ [17],
Microsoft DSL Tools [18], and the Eclipse Graphical
Modeling Framework [21] provide advanced facilities for
the specification of domain-specific languages, they lack
high-level support for model execution. For example,
in MetaEdit+, simulations can be implemented by hand-
coding using an API. Microsoft DSL Tools and GMF both
concentrate on a generative approach to ease the devel-
opment of modeling environments; model execution and
transformation in general are yet to be integrated. While
OpenArchitectureWare [4] can be integrated into GMF ed-
itors to provide support for constraint evaluation, currently,
there is no support for the utilisation of other features, such
as the execution of transformations specified in the xTend
Model Transformation language.

There are also several academic DSM frameworks which
are complemented with support for model transformations,
typically, using a graph transformation [7] based approach,
which approaches show the closest correspondence with our
ViatraDSM framework.

The TIGER project [9] (which is a conceptual continua-
tion of GenGEd [2] from the 90s) primarily aims at gener-
ating syntax-directed editors as Eclipse plugins based upon
the EMF and GEF technologies and a graph transformation
engine. TIGER is able to generate GMF-based editors with
rich and complex editing facilities (such as the execution
of an editing action based on a single graph transformation
rule). However, since TIGER lacks a control flow language,
complex simulation steps can only be implemented in Java.

DiaMeta (a follow-up of DiaGen [15]) replaces hyper-
graph grammars by MOF as provided by the MOFLON tool
suite [19] to allow users not only to specify domain-specific
modeling languages but also to generate corresponding dia-
gram editors.

The Generic Modeling Environment (GME) [10] com-
bined with the GReAT model transformation engine [14]
provides similar functionality outside the Eclipse world.
With respect to model simulation, the GME/GReAT ap-
proach [1, 13] emphasizes the notion of semantic anchor-
ing, which is targeting the specification of dynamic seman-
tics, and not its implementation or simulation.

The VMTS [16] framework also provides support for
domain-specific modeling and model transformations by
providing plugins for Microsoft Visual Studio. It offers
core editing functionalities comparable to Eclipse GEF, but
further manual coding is required for visual syntax and
editing functionality. Its distinguishing feature is an opti-
mizing OCL processor for the efficient handling of well-
formedness constraints.

Advanced multi-domain modeling features are sup-
ported by ATOM3 [6], which defines the concept of view
metamodels sharing a common metamodel of a visual lan-
guage. The consistency of different views and abstract-to-
concrete syntax mappings [11] is maintained by triple graph
grammars (TGG) [20] while simulators are also defined by
graph grammar rules. In an interesting case study [12], the
ATOM3 tool is used to create a simulator for Timed Transi-
tion Petri Nets, using the parallel graph transformation tech-
nique. However, the domain-specific model editor and the
simulator are implemented as separate components, not as
an integrated environment as in our case.

As the main novelty of the current paper compared to
all above DSM approaches using graph transformation as a
specification formalism, we use incremental pattern match-
ing as the underlying implementation, which provides sig-
nificant speed up for simulation. While the concepts of in-
cremental pattern matching was presented in previous pa-
pers of the authors [3, 25], none of these papers discussed its
application to the simulation of domain-specific languages,
which is the focus of the current paper.

7 Conclusion

In the paper, we presented a discrete event interactive
simulation framework for dynamic domain-specific model-
ing languages. The dynamic semantics of a language was
captured by a combination of graph transformation and ab-
stract state machine rules as provided by the transformation
language of the VIATRA2 framework.

As the main novelty compared to previous approaches
using graph transformation for simulation purposes, our ap-
proach is built upon an incremental graph pattern matching
engine, which instantly identifies all contexts where the en-
abledness condition of a simulation rule is enabled. This
is carried out by incrementally keeping track of matches of
graph patterns related to enabledness conditions. As a re-
sult, simulations requiring complex model changes (even



with intensive creation and deletion of objects) can be exe-
cuted in an efficient way.

As a main feature from the user’s point of view, our sim-
ulation framework enables efficient debugging of a model
by allowing the user to edit the model any time during in-
teractive simulation. Furthermore, simulation rules can also
be added on the fly.

In the future, we plan to investigate the use of incre-
mental pattern matching techniques for other challenges of
domain-specific modeling languages. A primary candidate
is to provide synchronization of abstract and concrete syn-
tax by capturing abstract-to-concrete syntax mappings by
transformations, and propagating changes in an incremen-
tal way.
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