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ABSTRACT
Process modeling has usually a strong connection with run
time platforms that allow dynamic configuration and ad-
justment. While this is reasonable for the operation of large
applications, it is of no help in cases when program code
is to be engineered, documented or verified with respect to
process models. We propose a design pattern for process
models that allows to embed complete model semantics in
object-oriented program code fragments. The program code
can thus be validated and executed with respect to process
model semantics and design tools.

Categories and Subject Descriptors
D.2.2 [Software]: Design Tools and Techniques—Computer-
aided software engineering (CASE); D.2.4 [Software]: Soft-
ware/Program Verification—Validation; D.2.11 [Software]:
Software Architectures—Domain-specific architectures, Pat-
terns; F.3.2 [Theory of Computation]: Semantics of Pro-
gramming Languages—Process models

1. INTRODUCTION
Process models can be designed, validated and executed by
various tools and frameworks. The focus of these approaches
is to allow dynamic configuration of processes with as little
relation to source code as possible, sometimes even without
involvement of IT departments. This entails the existence of
frameworks that read process descriptions, walk through the
process and execute business logic attached to several stages
of it. The flexibility to design and alter processes descrip-
tively comes at the cost of overhead for this frameworks and
also for integration layers to the program code constituting
the business logic.

While this makes sense for large distributed applications, it
is of no help in cases when program code is to be engineered,
documented or verified with respect to process models. Such
program code is reasonable in cases when integrated or even
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embedded applications are developed and it is undesirable
or even impossible to incorporate the overhead associated
with process run times. Moreover, little support is given by
current modeling technologies to design behavioral aspects
of program code in all detail. Modeling languages that aim
to represent all behavioral semantics tend to become as com-
plex as general-purpose programming languages [7]. When
program code is generated from models, it usually has to
be refined to meet the requirements in detail. The code
evolves in this case because of enhancements, corrections or
tuning activities and can hardly be related back to a model
afterwards [4].

So, there is in many cases a gap between abstract model
definitions and program code that represents (behavioral)
execution logic in detail. We earlier proposed to embed be-
havioral models in object-oriented code structures to main-
tain different levels of abstraction in the same program code
[2]. This is possible when we define a design pattern that
represents the complete semantics of a behavioral model.
We will develop such a pattern for process models in this
contribution. The program code can thus be considered at
different levels of abstraction: A process model can always
be extracted from the pattern code and be used to design
and validate the model in appropriate tools, for example vi-
sual editors. At the same time, the model structures are
embedded in and connected with arbitrary other program
code that may represent arbitrary (behavioral) semantics.

To explain the approach, this contribution is structured as
follows: In section 2 we will describe the process model we
want to represent by a design pattern; the pattern itself
and the related program code fragments are explained in
section 3. Based on this we show how process models can
be designed with a modeling tool in the Eclipse IDE and
executed with a lean framework afterwards in section 4. We
evaluate the approach by means of a sample application in
section 5, give an overview of related work in section 6 and
afterwards conclude in section 7.

2. MODEL DEFINITION
The objective of the pattern to develop is to engineer pro-
gram code for applications whose behavior can be expressed
with process semantics. We must for this purpose define a
specific process model that describes the features of inter-
est. We will stick to the process meta model defined by the
Eclipse IDE’s [19] Java Workflow Tooling [18] project which



aims to bridge differences between existing process model
notations to build a uniform editing and monitoring tool
set.

The definition of this pattern as such is not innovative. But,
we need a clear definition to create the design pattern after-
wards that is embedded unambiguously in object-oriented
program code. Additionally, the model must – since it will
be expressed in program code fragments – define interfaces
to arbitrary other program code that belongs to the same
applications under development.

The model itself consists of two types of elements, nodes and
transitions, whose properties control the flow of the process.

2.1 Activities
Activity nodes contain an activity, which means execution
of arbitrary business logic of the application that contains
the process model. Execution control is here passed from
the scope of the process model to the application. For the
definition of the design pattern this means that an interface
to this arbitrary program code must be defined that will be
used here.

Each activity is – as borrowed from JWT – executed by an
application which is defined by a class and method name.
The activity can have input and output data.

2.2 Transitions and Guards
Transitions are directed edges that connect nodes and thus
guide the process flow. They are most important when they
emanate from decision nodes. In this case they mark the
begin of branches that are based on a decision depending
on variables. These variables are named and represent the
state space of the application as far as it is of interest to
the process model. At this point we have a second interface
to the business logic of the application that provides the
according variable values.

The variables are evaluated by guards that are attached
to the transitions emanating from the decision node. The
guards consist of an expression that considers some of the
variables and produces a Boolean value. During execution,
the guard of each transition is evaluated; the first transition
whose guard evaluates to true is selected.

The expressions in guards consist of

• a left side which is always a variable identifier,

• an operator out of {==, ! =, <, <=,>, >=},

• a right side which is a literal value or another variable
identifier.

These simple expressions can be aggregated to complex ex-
pressions with union (||) and intersection (&&) operators.

2.3 Simple Nodes
Apart from activity and decision nodes, further nodes ex-
ist that have no properties except a name. However, they

control process flow with the transitions attached to them.
Beginning and termination of a process are marked by start
nodes and end nodes. For concurrent execution of processes,
fork nodes can define the beginning of a parallel execution.
Concurrent flows are united in join nodes. Merge nodes
bring different possible paths after decisions together.

3. PATTERN DEFINITION
Now that we have outlined the process model features that
we want to use to engineer program code, we can define the
design pattern that represents these model semantics. This
approach builds upon the concept of so-called internal DSLs
[8], i.e. domain-specific languages that are embedded into
other languages (host languages). Semantics of DSLs are by
this means available inside a general-purpose programming
language. Furthermore, attribute-enabled programming [15]
uses the capability of modern programming language ver-
sions to incorporate type-safe, compiled meta data to an-
notate source code fragments. These annotations can be
used to make program code semantically interpretable even
at run time. We combine these existing concepts to em-
bed the model definitions in code fragments. The rules for
this are explained below. For each section an illustration is
given that shows the assignment of program code fragments
to process model elements. They are taken from a larger
example that will be explained in section 5.

The mapping has so far been implemented for the Java pro-
gramming language, version 5 [9], which includes all neces-
sary language elements, especially annotations for type-safe
meta data [17].

3.1 Nodes and Transitions
The foundation of process models is the graph structure of
process nodes and transitions between them. In the object-
oriented program code fragments for the pattern, each pro-
cess node is represented by a class definition which imple-
ments the given interface IProcessNode (“node class” in the
following). This interface defines no methods, but allows to
distinguish between node classes and arbitrary other classes
type-safely. The class name corresponds to the process node
name. Process nodes (except activity nodes, see below) are
decorated with meta data denoting their type (one of the
enumeration constants START, END, FORK, JOIN, DECI-
SION, or MERGE ).

Figure 1: A process node represented in the design

pattern. The single program code fragments refer to

the node’s name and type, a transition declaration

and an empty guard.



Each transition is represented by a method (“transition
method” in the following) inside the node class it emanates
from. A transition method is decorated with meta data
containing a pointer to the class definition representing the
transition’s target node. With these simple definitions, the
basic process graph is embedded in static object-oriented
structures. The program code that is required for this is
shown in figure 1.

3.2 Activities
The part of the design pattern that represents activities is
slightly more complex since it considers method contents
also. As defined in the model above, we will in in this context
need variables that are available in the model semantics and
represent input and output parameters of activities. The
variables are represented by an interface definition. This
interface provides methods for retrieving and setting variable
values (“getter”and“setter”methods in the following) which
are identified by the names of these methods.

An activity node is also represented in the program code by
a class definition. However, activity nodes implement an in-
terface IActivityNode which itself extends IProcessNode.
This interface defines a method void action(Object ac-

tor, Object variables), i.e. a method whose body is an
activity in program code. Passed to this method are two
parameters: First, the actor which is a type that encapsu-
lates business logic of the surrounding application; second,
an implementation of the variables interface.

Figure 2: Two exemplary activity methods. The

first returns a value which is used as an output

parameter of this activity node by calling a setter

method in the variables facade. The second has an

input parameter which is represented by a getter

method.

The method body content follows these rules, as can be seen
in figure 2:

• The actual activity is performed with a call to one of
the methods of the actor instance.

• The actor method can optionally take parameters.
These parameters must each be an expression contain-
ing a call to a getter method of the variables imple-
mentation. They represent input parameters to this
activity as defined in the process model.

• The actor method can optionally return a value which
is passed to a setter method of the variables implemen-
tation. This represents an output parameter of this ac-
tivity. Since the return value is used for this purpose,
we limit the number of possible output parameters in
our pattern to 1.

3.3 Guards
As defined above, transitions between nodes are represented
by methods. When the methods emanate from decision
nodes, they are required to have guards, i.e. evaluations
of variable values to allow for decisions. For our pattern
we define that these are represented by the method body of
transitions methods. The body can therefore contain expres-
sions as defined in section 2.2, but with calls to getter meth-
ods of the variables type. For example, the guard expression
Value1>Value2 would be represented in the source code as
variables.getValue1()>variable.getValue2(). The ac-
cording rules apply for interleaving of expressions. An ex-
ample is shown in figure 3.

Figure 3: A guard represented by an expression in

the body of a transition method.

However, a significant part of transitions methods are de-
fined outside of decision nodes and must have a well-defined
content too. We define for this purpose that the default
content of such a method is return true. This is a valid
program code statement and will mean that no guard is de-
fined for this transition.

4. USAGE AND TOOLS
While the use of the pattern itself may already structure the
development process by facilitating the definition of a mental
model by the programmer, tool support for the interpreta-
tion of the well-defined pattern fragments is desirable. We
have so far developed two tools: An execution framework
that interprets the fragments at run time, and a connector
to a visual modeling tool that allows to design the program
code with process semantics at development time.

4.1 Execution
The execution framework is based on Java reflection mech-
anisms. To start execution of a process from arbitrary pro-
gram code, the start node, an instance of the variables type
and the actor instance are passed to the framework. It in-
stantiates all node types that are reachable by transition an-
notations. Afterwards the framework walks through the pro-



cess by following transitions. Guards of transitions are eval-
uated in decision nodes by invoking the transition method
and passing the variables instance to it. In activity nodes
the framework calls the activity method and passes the vari-
able and actor instance to it. In fork nodes, new threads are
started that walk through the additional defined paths. The
process is continued until the current state is the end state
or the framework runs into a deadlock in a decision node
when no guard evaluates to true.

4.2 Modeling
The full benefit of working at different layers of abstrac-
tion can only be realized with modeling tools that allow
for visual representation of process semantics. We chose to
develop a connector to the JWT process modeling frame-
work mentioned above. The connector is realized inside the
Eclipse’s Java Development Tools [20] environment. When
the user selects a package with Java classes inside Eclipse,
the connector allows to transform the source code inside this
package into a process model. For this purpose it searches
for classes that are of interest to the pattern, i.e. classes
that implement the IProcessNode or IActivityNode inter-
face. It builds a graph from them afterwards and considers
the following content:

• Node classes and transition methods are directly trans-
formed to nodes and edges in the model by using their
respective names.

• Data types related to Java data types are defined for
all variables.

• All methods defined in the actor class are defined as
applications in the process model.

• Activity methods are analysed according to the rules
defined in section 3.2.

• If a transition method is inside a decision node and
contains statements other than return true, it is a
guard and as such validated for conformity with the
rules defined in section 3.3 and extracted in a tree
structure of single statements linked with the valid set
operators.

The model information is serialized into an XMI [14] file
which is interpreted by the JWT editor. The connector in-
terprets the pattern complete enough to extract the whole
model. An example is shown in figure 4. The load generator
application that can be seen there is extracted from the code
of an example that will be introduced in section 5.

Currently, our connector does not create or change Java code
from models designed in the editor. However, since all rele-
vant information about the model is available in the editor,
this is as straight-forward as extracting the model out of the
source code.

5. EXAMPLE
As can be seen in the graphical representation, these sim-
ple rules for our pattern are sufficient to embed complete
process semantics in program code. We will now illustrate

the code structures in detail by means of an example ap-
plication written in the Java programming language. The
example is a process model in a load generator application
for performance tests. We assume that the load generation
is a complex operation that may include networking issues,
for example remote controlling of worker threads on differ-
ent physical machines. The details of load generation are
therefore not in the focus of the process model, but only the
aspect of the behavior that controls the measurement, which
can be reduced to a few well-defined variables.

5.1 Description
The user can give a range of acceptable response times de-
fined by two variables AcceptableMinimum and Acceptable-
Maximum which denote the limits. Load is generated by a
number of worker threads which is available in the variable
NumberOfWorkers. The number of workers is adjusted de-
pending on the measurement results across different single
measurements. The latest measurement result, represented
by the average response time of the system under test, is
stored in the variable MeasurementResult. The related in-
terface LoadVariables in Java is shown in listing 1. It con-
tains getter methods for the range limits and the number of
workers and pair of get and set method for the measurement
result.

public interface LoadVariables

{
double getAcceptableMinimum();
double getAcceptableMaximum();

double getMeasurementResult();

void setMeasurementResult(double result);

int getNumberOfWorkers();

}
public class LoadGenerator

{
public void increaseWorkers()

{ // ... }

public void decreaseWorkers()
{ // ... }

public float performMeasurement()
{ // ... }

public void showResults(int numberOfWorkers)
{ // ... }

}

Listing 1: The variables interface for the load

generator example with the according get and set

methods

This process model controls the flow of the application, the
activities are delegates to arbitrary program code. For this
purpose, the actor type LoadGenerator is defined as an in-
terface to the business logic as seen in listing 1. The most
important method here is performMeasurement (see listing
2) that generates load with the given number of worker
threads (initially 1). It returns a number value with the
measured average response time. Afterwards, the number
of workers must be increased (method increaseWorkers) or
decreased (method decreaseWorkers) when the load was be-
low or above the given range. After the measurement has
finished, the result, i.e. the acceptable number of workers,
is shown to the user. The method showResults takes for
this purpose one parameter with the according number of
workers.



Figure 4: A process model extracted from a pattern in the JWT editor. The example application shown here

is discussed in detail in section 5.

These requirements are sufficient to define the activity nodes.
To complete the model, we must add the start and end node
as well as a decision node that evaluates the results after
each measurement. It makes the decision to increase or de-
crease the number of worker threads or alternatively finish
the measurement based on the variable values and defines
for this purpose guards as shown in listing 2.

5.2 Evaluation
The example shows that, based on the pattern definition, a
process model can be embedded in the program code com-
pletely. The editing tool presented above allows to model the
behavioral model structures visually. The relation between
code and model is unambiguous, so that a transformation
between both representations is possible. At the same time,
the source code is the only necessary representation from
which other representations for different degrees of abstrac-
tion can be extracted on demand.

In the use case of the load generator, working at different
degrees of abstraction can be important. When we imagine
that load generation is distributed over the network, work-
ing with time constraints for proper measurements and also
using plug-ins that can generate different types of load, it
would be hard to find a modeling tool that allows to express
all this in behavioral models. In contrary, a framework for
business processes would be a large overhead and not an ap-
propriate solution for the need to model this simple process.

The embedded model pattern is therefore the adequate com-
promise: The process is embedded in arbitrary business logic
with arbitrary behavior. The program semantics related to
the process model are represented distinctly, the arbitrary

program state is reduced to well-defined variables for this
purpose. The definition of the pattern code structures is
certainly a little overhead, but allows to visualize the model
on demand and therefore comprehend the concept behind
code structures easily. For the definition in the context of
the example application, the embedded model is therefore
capable of providing different levels of abstraction with re-
spect to process semantics.

6. RELATED WORK
Many approaches exist that try to engineer program code at
different layers of abstraction.

Model Round-Trip Engineering concepts [16] allow to ab-
stract from source code by synchronizing it to abstract mod-
els. However, they require manual effort [10] and are there-
fore not unambiguous enough to create these abstractions
ad-hoc. In this context, the attribute-oriented programming
approach has already been explored to map UML models to
code structures [22], similar to Framework Specific Model-
ing Languages [1]. In contrast to embedded models, these
approaches rely on the existence of different representations
for different abstraction levels, and do not avoid round trip
engineering.

Specification languages like the Java Modeling Language
(JML) [3, 11] or the introspection capabilities of Smalltalk
[6] enable the definition of semantic information and model-
ing constraints inside object-oriented source code and pro-
vide an extensive syntax for this purpose. These meta data
are though not related to formal models like processes and
are not detailed enough to extract model definitions com-
pletely into abstract representations.



public class MeasurementNode implements IActivityNode<
LoadVariables, LoadGenerator>

{
public void action(LoadVariables variables, LoadGenerator

actor)
{
variables.setMeasurementResult(actor.performMeasurement());

}

@Transition(EvaluateMeasurementNode.class)
public boolean toSetResults(LoadVariables variables)

{
return true;

}

}

@ControlNode(ControlNodeType.DECISION)
public class EvaluateMeasurementNode implements IProcessNode
{

@Transition(IncreaseWorkersNode.class)
public boolean increase(LoadVariables variables)

{
return (variables.getMeasurementResult() < variables.

getAcceptableMinimum());
}

@Transition(DecreaseWorkersNode.class)
public boolean decrease(LoadVariables variables)

{
return (variables.getMeasurementResult() > variables.

getAcceptableMaximum());

}

@Transition(ShowResultsNode.class)
public boolean showResults(LoadVariables variables)

{
return ((variables.getMeasurementResult() >= variables.

getAcceptableMinimum()) && (variables.

getMeasurementResult() <= variables.
getAcceptableMaximum()));

}
}

Listing 2: The nodes that initiate and evaluate

a measurement. The type is specified with

annotations and implemented interfaces; The action

method contains the activity with an output

parameter, the other methods are transitions with

guards

Contrary to the model checking approach of Java PathFinder
[21] we do not consider the semantics of a complete pro-
gram as such. The same applies to the concept of Intro-
spective Model-Driven Development [5] that aims to iden-
tify unknown model structures in the source code. Instead,
we relate only selected parts of it that are well-defined be-
forehand to existing formal models.

Similar to run time systems that execute process models are
Executable Models, for example“executable UML”[12], that
aim to avoid working with source code completely by direct
execution of model specifications. This relies on the assump-
tion that entire applications can be expressed as models,
which is – especially for behavioral modeling – not realistic
from our point of view, as mentioned in the introduction.

7. CONCLUSION
We presented an alternative approach to behavioral model-
ing. To allow working at different levels of abstraction when
program code is engineered, we defined a pattern that rep-
resents process model semantics in object-oriented source

code fragments. Arbitrary source code can thus be enriched
with semantical information where applicable. Although the
pattern definition is still elementary so far, we have already
proven that the approach is capable to fulfill the require-
ments: The creation of the connector to the JWT process
modeling tool shows that an unambiguous interpretation of
the pattern fragments is possible. We can also execute the
process model at run time while it is still part of the program
code of arbitrary applications.

Future work will focus on the aspect of editing the source
code: Instead of only extracting the model from the code,
we will create a connector for the opposite direction that
creates source code from a model or merges changes back to
the source code. Our vision is a modeling tool that allows for
continuous working at different abstraction levels by offering
different views on the same program code to engineer.
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