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SUMMARY
The need for ﬂexible process-aware information systems resulted in a recent interest in declarative
approaches, as they promise a high degree of ﬂexibility. However, the potential of current declarative
approaches is impeded by deﬁciencies in understandability and maintainability. This paper proposes an
approach toward better understandability and maintainability of declarative processes by adopting wellestablished techniques from the domain of software engineering. More speciﬁcally, the ideas of test-driven
development and automated acceptance testing are adopted to interweave process speciﬁcation and process
testing. Thereby, during modeling, testcases balance the circumstantial/sequential information mismatch as
well as improve understandability by dispensing with hard mental operations and removing hidden
dependencies. Because testcases are also understandable to domain experts, they foster communication
between domain experts and model builders, providing a common basis for communication. During process
execution, testcases, in turn, help to document the reasons for process deviations and ensure that respective
deviations can be easily considered during schema evolution. Furthermore, testcases ensure that no
undesired behavior is introduced through process adaptations. Copyright # 2011 John Wiley & Sons, Ltd.
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1. INTRODUCTION
In today’s prevalent dynamic business environment, the economic success of an enterprise depends on
its ability to react to various changes like shifts in customer’s attitudes or the introduction of new
regulations and exceptional circumstances [1,2]. Process-aware information systems (PAISs) offer a
promising perspective on shaping this capability, resulting in growing interest to align information
systems in a process-oriented way [3,4]. Yet, a critical success factor in applying PAISs is the
possibility of ﬂexibly dealing with process changes [1]. To address the need for ﬂexible PAISs,
competing paradigms enabling process changes and process ﬂexibility have been developed, for
example, adaptive processes [5,6], case handling [7], declarative processes [8], data-driven processes
[9], and late binding and modeling [10] (for an overview see [11]).
All these approaches relax the strict separation of build-time (i.e., modeling) and run-time (i.e.,
execution), which are typical for plan-driven approaches as realized in traditional workﬂow
management systems. By closely interweaving modeling and execution, the approaches mentioned
earlier allow for a more agile way of planning. In particular, users are empowered to defer decisions
regarding the exact control-ﬂow to run-time, when more precise information becomes available.
1.1. Problem statement
Depending on the concrete approach, planning and execution are interwoven to different degrees,
resulting in different levels of decision deferral. The highest degree of decision deferral is fostered
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by late composition [11] (e.g., as enabled through a declarative approach), which describes
activities that can be performed as well as constraints prohibiting undesired behavior. A
declarative approach, therefore, is particularly promising for dynamic and unpredictable processes
[8,12]. The support for partial workﬂows [12] allowing users to defer decisions to run-time [11],
the absence of over-speciﬁcation [8], and more maneuvering room for end users [8] can be all
considered as advantages commonly attributed to declarative processes. Although the beneﬁts of
declarative approaches seem rather evident, they are not widely adopted in practice yet.
Declarative processes are only rudimentarily supported and integrated process life-cycle support
has not been in place yet, whereas methods and tools for supporting imperative processes are
rather advanced (e.g., [13]).
Reasons for the lacking adoption of declarative approaches seem to be related to understandability
and maintainability problems [14,15]. In particular, methods and tools addressing respective issues are
still missing. In order to tackle these problems, we adopt well-established techniques from the domain
of software engineering. More speciﬁcally, test-driven development (TDD) [16] and automated
acceptance testing (AAT) [17] are combined and adapted for better supporting the declarative process
life cycle. As a result, we provide a ﬁrst approach toward enhanced usability of declarative process
management systems.
The paper is organized as follows: Section 2 provides background information, whereas Section 3
introduces the running example. Then, Section 4 discusses possible reasons for understandability and
maintainability problems of declarative processes. Section 5 presents a framework and methodology
addressing these issues. Limitations are described in Section 6. Section 7 deals with related work, and
Section 8 concludes with a summary and outlook.

2. BACKGROUNDS
This section provides background information on declarative processes in Section 2.1 and the “process
of modeling” in Section 2.2.
2.1. Declarative processes
There is a long tradition of modeling business processes in an imperative way. Process modeling
languages supporting this paradigm, like BPMN, BPEL, and UML activity diagrams are widely
used. Recently, declarative approaches have received increased interest and suggest a
fundamentally different way of describing business processes [14]. Whereas imperative models
specify exactly how things have to be done, declarative approaches only focus on the logic that
governs the interplay of actions in the process by describing: (i) the activities that can be
performed, as well as (ii) constraints prohibiting undesired behavior. An example of a constraint
in an aviation process would be that crew duty times cannot exceed a predeﬁned threshold.
Constraints described in literature can be classiﬁed as execution and termination constraints.
Execution constraints restrict the execution of activities, for example, an activity can be executed
at most once. Termination constraints, on the other hand, affect the termination of process
instances and specify when process termination is possible. For instance, an activity must be
executed at least once before the process can be terminated.
Imperative models take an “inside-to-outside” approach by requiring all execution alternatives to be
explicitly speciﬁed in the model. Declarative models, in turn, take an “outside-to-inside” approach:
constraints implicitly specify execution alternatives as all alternatives have to satisfy the constraints
[14]. Adding further constraints means discarding some execution alternatives (cf. Figure 1). This
results in a coarse up-front speciﬁcation of a process, which can then be reﬁned iteratively during runtime.
2.2. The process of modeling
The “process of modeling”, that is, the process of creating a process model, is commonly described as
iterative and collaborative [18]. Typically, several roles are involved in the process of modeling [19]:
Copyright # 2011 John Wiley & Sons, Ltd.
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Figure 1. Declarative versus imperative [14].

• Domain expert (DE): provides information about the domain and decides which aspects of the
domain are relevant to the model and which are not.
• Model builder (MB): is responsible for formalizing information provided by the DE.
• Modeling mediator (MM): helps the DE to phrase statements concerning the domain that can be
understood by the MB. In addition, the MM helps to translate questions the MB might have for
the DE.
In particular, the process of modeling is divided into an elicitation dialogue and formalization
dialogue [20]. During the elicitation dialogue, the DE conveys information about the business domain
to the MB, that is, capturing the requirements of the business process. In the formalization dialogue,
the MB is responsible for transforming this informal information into a formal process model.
However, as argued by Rittgen, much of the information is not gathered by the DE only, but created
through the communication process itself [21].

3. EXAMPLE
To illustrate the concepts of declarative business processes as well as the proposed framework and
methodology, we introduce a running example (cf. Figure 2). The example process is rather meant to
provide an exemplary process within a familiar domain than a comprehensive description of how to
write a paper. For the sake of brevity, we will use the following abbreviations:

Paper Writing Process
Refine Idea (R)

1
Write (W)

Come up with Idea (I)

0..1

0..1

Cancel as Deadline
Missed (C)

Submit Paper (S)

precedence
succession

mutual exclusion

0..1

cardinality

Figure 2. Exemplary declarative process.
Copyright # 2011 John Wiley & Sons, Ltd.
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I Come up with idea
R Reﬁne idea
W Write
S Submit paper
C Cancel as deadline missed
The used constraints are taken from [14], and their meaning is as follows: precedence speciﬁes that
the execution of a particular activity requires another activity to be executed before (not necessarily
directly). For example, the precedence constraint between I and R allows execution traces <I,W,R,S>
and <I,R,W,S>, but not <R,W,S>. The constraint succession is a reﬁnement of the precedence constraint.
In addition to the precedence relation, it demands that the execution of the ﬁrst activity is followed by the
execution of the second one. For example, the succession constraint between W and S is satisﬁed for
execution traces <I,W,S>, <I,W,R,S>, but not for <I,R,S> (W not executed) and <I,R,W> (S not executed
after W). By using the mutual exclusion constraint, it is possible to deﬁne that only one of two activities can
be executed for a process instance. For example, the mutual exclusion between C and S allows execution
traces <I,W,S> and <I,W,C>, but not <I,W,S,C>. Finally, the cardinality constraint restricts how often an
activity can be executed. For example, the cardinality constraint (0..1) of S allows the trace <I,W,R,S>, but
not <I,W,R,S,S>.
Having the constraints’ semantics in mind, the process can be described in the following way: After
an initial idea has been devised, it is possible to start working on the paper and to reﬁne the idea at any
time. If it turns out that the deadline cannot be met, the work on the paper will be stopped. Otherwise,
as soon as the idea is described sufﬁciently well, the paper can be submitted.
This example indicates three interesting properties of declarative process models: Firstly, the
declarative nature allows for an elegant speciﬁcation of business rules, especially for unstructured
processes. For an imperatively modeled process, it would be difﬁcult to deal with multiple (possibly)
parallel executions of R and W, in combination with the mutual exclusion constraint between C and S.
Secondly, for assessing whether certain behavior is supported by the process model, the reader has to
interpret the constraints in his mind, for example, “Is it possible to come up with an idea, reﬁne it,
write on a paper, but then cancel the work?” Thirdly, it is not obvious where to start reading the model.
As there are no explicit start nodes, it is up to the reader to ﬁgure out where to start—in this case
perhaps by following the precedence and succession constraints.
4. UNDERSTANDABILITY AND MAINTAINABILITY OF DECLARATIVE PROCESS
MODELS
Although declarative business processes provide a big potential for ﬂexible process execution, their
adoption is currently limited. This section elaborates on factors impeding their adoption. In particular,
Section 4.1 discusses problems related to the understandability of declarative process models, whereas
Section 4.2 deals with maintainability issues.
4.1. Understandability
Whereas there is evidence that declarative process models suffer from understandability problems
[14,15], respective countermeasures are not in place yet. As Pesic points out, “models with many
constraints can easily become too complex for humans to cope with” [14]; subsequently, possible
explanations are discussed.
Sequential and circumstantial information. An interesting perspective regarding understandability
issues of declarative processes is provided by Fahland et al. [22,23]. According to their work,
process models exhibit both sequential and circumstantial information. Sequential information
describes chronological behavior (e.g., A directly follows B), whereas circumstantial information
captures general relations (e.g., A must be executed at least once). Depending on the process
modeling language, either sequential or circumstantial information may be favored, that is, can be
explicitly described by the modeling language. Thus, in general, modeling languages can be
characterized along a spectrum of explicitness between sequential and circumstantial. Imperative
Copyright # 2011 John Wiley & Sons, Ltd.
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languages (e.g., BPMN, Petri Nets) reside on the sequential side of the spectrum, whereas
declarative approaches (e.g., ConDec [14]) are settled on the circumstantial end [23]. Although the
circumstantial nature of declarative languages allows for a speciﬁcation of highly ﬂexible business
process models [14], it inhibits the extraction of sequential information (e.g., execution traces) at the
same time. This, in turn, compromises understandability, as it makes it harder to see whether a
process model supports the execution of a speciﬁc process instance or not.
Figure 2 illustrates the concepts of sequential and circumstantial information. For instance, the
precedence constraint between I and R deﬁnes that R can only be executed if I is completed. The
constraint thereby does not deﬁne how an execution trace containing both activities has to look like in
detail (sequential information), but rather deﬁnes a certain characteristic of the trace: no occurrence of
I before R (circumstantial information). Thus, only little sequential information, but mostly
circumstantial information is conveyed. With respect to the mutual exclusion constraint, there is an
even higher ratio of circumstantial information: it deﬁnes that one out of two activities can be executed
(circumstantial), but not both—the ordering of respective activities is not taken into account at all
(sequential).
Cognitive dimensions framework. According to the cognitive dimensions framework [24,25], the
extraction of sequential information from declarative processes can be seen as a hard mental
operation, as the required interpretation of constraints has to be performed in the reader’s mind.
From cognitive research, it is known that the human mind can only hold up to 7 ( 2) items in short
term memory [26]. Thus, it seems reasonable that the interpretation of several interrelated
constraints is hard to handle. Considering again Figure 2, it becomes apparent that the interpretation
of seven constraints in one’s mind is no trivial task, that is, a hard mental operation.
In addition, the extraction of sequential information is hampered by the so-called hidden
dependencies dimension of cognitive dimensions framework [24,25]. Because constraints are
interconnected, it is not sufﬁcient to look at constraints in isolation; the reader must also take into
account the interplay of constraints. However, this interplay may not always be obvious, that is, can be
hidden, thus making understanding difﬁcult.
Figure 2 also illustrates hidden dependencies. For instance, after activities C or S have been
completed, W cannot be executed anymore. This behavior is introduced by the combination of the
cardinality constraints of C and S as well as the succession constraint of W and the mutual exclusion
constraint between S and C. If W was executed after C or S, the process instance could not be terminated
anymore as the succession constraint demands the execution of either C or S after W. However, neither
C nor S can be executed because of the combination of cardinality—and mutual exclusion constraint
and consequently the process instance cannot be terminated. Thus, the workﬂow engine must prohibit
the execution of W (cf. [14]), which is not apparent from looking at the process model.
Readability of declarative process models. Further insights into understandability issues are
motivated by [27], showing that models are not read at once, but chunk-wise, that is, bit by bit.
Whereas graph-based notations inherently propose a way of reading imperative process models
chunk by chunk—namely from start node(s) to end node(s)—this approach does not work for
declarative models. Because declarative models do not have explicit start nodes and end nodes,
it is not always obvious where the reader should start reading the model. In fact, it is not
unlikely for a declarative model to have several starting points, as the focus is put on what
should be modeled, but not precisely how. Similarly, experiments show that incrementally
understanding declarative processes is vital for success [15,28].
Thus, when reading a declarative process model, users have to rely on secondary notation, for
example, layout. For example, regarding Figure 2, one might assume that the process starts top left and
ends bottom right. However, it depends on the person who created the model, whether this strategy
succeeds. Another way of reading could be to follow precedence constraints and succession constraints
to ﬁnd the model’s start. In short, it is neither obvious which strategy to choose nor which one works best.
Copyright # 2011 John Wiley & Sons, Ltd.
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4.2. Maintainability
External factors like the introduction of new laws or changes in customer attitude are possible reasons
for the evolution of process models. In addition, an inappropriate representation of the business
domain may result in users bypassing the workﬂow system causing “system workarounds” [29].
Capturing deviations from the predeﬁned process is hence desirable and indeed, sophisticated
approaches have been developed for imperative workﬂow management systems, for example, [13].
For declarative systems, however, only rudimentary support is in place.
In addition to gathering the change requirements, the adaption of declarative process models is far
from trivial. With increasing model size, declarative models are not only difﬁcult to understand but
also hard to maintain. As pointed out by Weber et al. [15]: “it is notoriously difﬁcult to determine
which constraints have to be modiﬁed and then to test the newly adapted set of constraints”. An
explanation of problems regarding maintainability is provided by the observation that adapting process
models involves both sense-making tasks (i.e., to determine parts of the model that need to be
changed) and action tasks (i.e., to apply the respective changes to the model) [25]. Whereas the action
task is rather simple—adding/removing activities and adding/removing constraints—the sense-making
task is far from trivial as detailed in the following.
As illustrated, declarative process models suffer from understandability problems, thus impeding
the sense-making task. Besides, because of the interplay of constraints, it is hard to see how changes
inﬂuence other parts of the process model. Consider, for instance, the introduction of a mutual
exclusion constraint between R and W in Figure 2. This change not only restricts the relationship
between R and W but also introduces a deadlock for the execution trace <I,R>. Whereas the execution
of R is still possible, neither C nor S can be executed anymore, because they require W to be executed
before. However, as R and W are mutual exclusive, W cannot be executed.
This example illustrates that local changes to the process model can have effects on other parts of
the model that are not obvious, that is, the change becomes global. Whereas methods exist that ensure
the syntactic correctness, for example, absence of deadlocks [14], computer-supported methods for
ensuring the validity of the model, that is, whether the model adequately represents the real-world
business, are not in place yet.

5. TESTING FRAMEWORK FOR DECLARATIVE PROCESSES
To address the understandability and maintainability issues sketched afore, we propose a framework
for the validation of declarative processes. Section 5.1 introduces background information about the
software engineering techniques TDD and AAT; these methodologies have been chosen as they
address maintainability and understandability problems in the domain of software engineering [30,31].
Section 5.2 illustrates how respective techniques can be adapted to the domain of business processes
and introduces the testing framework. Section 5.3 focuses on methodological aspects and their
application in the declarative process life cycle.
5.1. Software testing techniques
As the proposed framework and methodology build upon techniques from software engineering,
respective techniques are introduced in the following.
5.1.1. Test-driven development. Software engineering processes typically differentiate between the
phases of system design and implementation as well as testing. That means, after the required
functionality has been developed, the software system’s defects are (more or less) systematically
searched for and corrected. The idea of TDD, however, is to interweave the phases of system
development and testing [16]. As the name suggests, automated testcases are speciﬁed before the
actual production code is written. Whenever a new feature is introduced, a testcase is created to ensure
that the feature is implemented properly. In addition, developers execute all testcases to verify that
existing behavior is preserved, and the new feature does not introduce undesired behavior, that is,
Copyright # 2011 John Wiley & Sons, Ltd.
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“brakes the existing code” [16]. Studies show that the adoption of TDD indeed leads to improvements
with respect to the number of software defects and design quality (e.g., [30,31]).
It is worthwhile to note that TDD, as a byproduct, enables regression testing, that is, testing whether
the development of new functionality in a software system preserves the correctness of the existing
system [32]. In particular, testcases that have been speciﬁed during the development can directly be
used for regression testing.
5.1.2. Automated acceptance testing. Similar to TDD, the idea of AAT [17] is the creation of
executable testcases. AAT, however, focuses on the interaction between customers and developers.
Testcases in AAT need to be understandable to customers without technical background, but still
exhibit strict semantics. Thereby, testcases act as means of communication as they can be understood
by both customers and developers, allowing for a better integration of the customer in the development
process. This, in turn, supports the identiﬁcation of system requirements [17]. The automated
validation of the developed system against the testcases ensures that the desired functionality is
actually provided by the software system. The testcases are seen as contract of acceptance: only if the
software system passes all testcases, it will be accepted by the customer.
5.2. Process testing framework concepts
This section gives an overview of the testing framework (cf. Figure 3) before the individual concepts
are explained in detail in Section 5.2.1.
The interplay of DE, MB, testcases, and process model is illustrated in Figure 3. The DE, possibly
with help of the MB, creates a testcase specifying the intended behavior of the declarative process (1a
Domain Expert (DE)

Model Builder (MB)

6)
Testcase
visualized by
Testfixture

1b)

1a)

My First Testcase
The intention of my first testcase is to
motivate the interplay of MB, DE, …

ExecutionTrace

Process
Model

Assertion
Exec. Term.

1
A

1
time

2

A

3
4

B

A

C

B

2)
Testcase Logic
5)
1) canNotTerminate(1)
2) execute(A,2)
3) isNotExecutable(A,3)
4) canTerminate(3)
5) execute(B,4)

4)

3)
WF – Test Engine

Figure 3. Framework for the validation of declarative processes.
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and 1b). In order to foster communication between DE and MB, testcases are represented by a rich
graphical user interface, the so-called testﬁxture. Because the testﬁxture is understandable to both the
DE and MB, it serves as base for discussion. To validate a testcase, the testcase logic is automatically
extracted from the testcase (2) and fed into the test engine (3). For the validation of testcases, the test
engine also needs to access the process model (4). After the test engine has completed the validation
process, results are reported to the MB/DE by indicating whether the test failed and for the case it
failed, the reason why (5). Depending on the feedback, the MB might decide to adapt the process
model (6).
5.2.1. Testcase structure. Testcases are key components of the testing framework and are essential
parts of TDD and AAT. A testcase for a declarative process model consists of text explaining the
intention of the testcase, an execution trace describing the behavior to be tested, a set of assertions
specifying the conditions to be validated, as well as a graphical representation by a testﬁxture.
Textual description. The textual description in a testcase helps to capture information that cannot be
expressed directly in a process model but is still necessary to fully understand it. For instance,
textual descriptions can be used to document why certain behavior must be present in the process
model. For example, the intention of the testcase shown in Figure 3 is to give an overview of the
proposed testing framework and illustrates the interplay of concepts.
Execution trace. As motivated by AAT, testcases are executable speciﬁcations [17]. Instead of using
an informal document describing the requirements of the process model in natural language, the
speciﬁcation should not only be readable by humans but also accessible to automated interpretation.
The term execution thereby refers to the idea of checking the described requirements using a test
engine in an automated manner, that is, “the testcase gets executed”.
Within a testcase, execution traces are used to capture behavior to be tested, as they contain all
relevant information about the execution of a process, for example, execution of an activity or
termination of a process instance. Thereby, an execution trace allows restoring an arbitrary state of a
process instance by replaying the steps in the execution trace on the workﬂow engine. Thus, execution
traces provide the basis for an executable speciﬁcation, capturing behavior in a machine-readable form.
Considering the testcase illustrated in Figure 3, the execution trace can be found on the left-hand
side of the testcase. The execution trace includes the execution of two activities: activity A at time 2
and activity B at time 4.
Assertion. Whereas execution traces allow specifying behavior that must be supported by a process
model, they do not provide means to specify behavior that must not be included. For instance, regarding
the process model shown in Figure 3, activity A must be executed exactly once. Put differently,
activity A must be at least once in the execution trace, but at the same time not more than once.
In order to support such scenarios, a testcase also contains a set of assertions. Using assertions, it
can be validated whether certain behavior is supported/prohibited by the process model. Because
declarative process models require explicit termination, that is, the user must terminate the instance
explicitly, we differentiate between execution and termination assertions:
•
•
•
•

isExecutable (a, t), activity a is executable at time t.
isNotExecutable (a, t), activity a is not executable at time t.
canTerminate (t), the process instance can be terminated at time t.
canNotTerminate (t), the process instance can not be terminated at time t.

As discussed in Section 2.1, the behavior speciﬁed in a declarative process model is prescribed by
its activities and constraints. The former enumerate tasks, which may be executed, whereas the latter
ones restrict their execution and the termination of the process instance. Thus, the aforementioned
assertions should be sufﬁcient to cover any condition with respect to control ﬂow, because they can
deal with activity execution as well as process termination.
Copyright # 2011 John Wiley & Sons, Ltd.
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Considering Figure 3, three assertions can be found at the right-hand side of the testcase. The
assertions are organized in two columns to separate execution from termination assertions. At time 1,
before the execution of activity A, assertion canNotTerminate (1) (crossed out area are on the right) is
speciﬁed. After A has been executed at time 3, isNotExecutable (A,3) (crossed out rectangle on the
left), and canTerminate (3) (non-crossed area in the right column) can be found.
Testﬁxture. So far, we illustrated the textual description, the execution trace, and assertions of a
testcase. Whereas these concepts sufﬁce to specify the behavior to be tested, it is very likely that the
DE cannot cope with these technical details. To enable the DE to read and specify testcases,
testﬁxtures provide an intuitive graphical representation of a testcase. Depending on the situation, a
speciﬁc visualization may be suitably best. For instance, when control-ﬂow constraints should be
tested (e.g., activity B must be preceded by activity A), a simple time-line ﬁxture may be sufﬁcient
(cf. Figure 3). However, for testing temporal constraints [33] (e.g., activity A can only be executed
once per day), a calendar-like ﬁxture might be more appropriate. Furthermore, it might be beneﬁcial
to provide a user interface the DE is familiar with (e.g., calendar from Microsoft Outlook).
Figure 3 shows an exemplary testﬁxture for testing control-ﬂow constraints. It consists of a simple
timeline on the left hand side as well as an area for the speciﬁcation of constraints at the right-hand
side. Assertions isExecutable and t canTerminate are represented by empty rectangles,
isNotExecutable and canNotTerminate by crossed out rectangles.
5.2.2. Testcase validation. The previous section has introduced testcases, which serve as executable
speciﬁcation and are created by the DE (with the help of the MB). This section describes how the
testcases can be used to automatically validate the process model. Each testcase is responsible for
providing a precise deﬁnition of the behavior to be tested, that is, the execution trace and assertion
statements. For the actual execution of the testcase, the test engine provides an artiﬁcial environment, in
which the process is executed. The procedure for the validation of a testcase is straight forward:
• Initialize the test environment.
• For each event in the execution trace and assertion, ascending by time:
∘ if event: The test engine interprets the log event and manipulates the test environment, for
example, execution of an activity. If the log event cannot be interpreted, for example, because the
activity cannot be executed, the testcase validation will be stopped and the failure reported.
∘ if assertion: Test whether the assertion holds for the current state of the test environment. For the
case the condition does not hold, the testcase validation will be stopped and the failure reported.
• In case all assertions passed, report that the testcase passed. Otherwise, provide a detailed
problem report, for example, report the constraint that caused the failure or the state of the process
instance when the testcase failed.
With respect to the testcase illustrated in Figure 3, the test engine takes the testcase logic and the
process model as input. Then, the engine interprets the testcase logic as follows:
• canNotTerminate (1): Check that the process instance cannot be terminated without executing
any activity.
• Execute (A,2): Execute activity A at time 2 and complete it at time 3.
• isNotExecutable (A,3): Check that A cannot be executed anymore at time 3.
• canTerminate (3): Test whether the process instance can be terminated at time
• execute (B,4): Execute activity B at time 4 and complete it at time 5.
All events from the execution trace/all assertions could be interpreted without problems, thus report
that the testcase passed.
5.3. Test-driven modeling and the declarative process life cycle
So far, we have elaborated on understandability and maintainability issues of declarative models and
introduced a testing framework adopting TDD and AAT. However, TDD and AAT are not only about
testcases in isolation but also describe a methodology on how testcases are formulated. In the
Copyright # 2011 John Wiley & Sons, Ltd.
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Measure
Specify

Operation &
Evaluation

Design

Run

Implement

Release

Deployment

Test

Figure 4. Process life cycle, adapted from [4].

following, we show how the methodological aspects of TDD and AAT ﬁt into each phase of the
process life cycle (cf. Figure 4), and how they provide enhanced support for declarative processes.
Section 5.3.1 captures both design and deployment phases. Then, Section 5.3.2 discusses the operation
and evaluation of processes.
5.3.1. Design and deployment phase. In the following, we focus on the phases of process design and
process deployment. In particular, we focus on process speciﬁcation and process testing.
Test-driven modeling (TDM). The process of modeling is a collaborative but still manual process
(cf. Section 2.2). By adopting TDD and AAT techniques, process speciﬁcation and process testing
get closely interwoven. In particular, testcases serve as MM [19] mediating between DE and MB.
As illustrated in Figure 5, testcases provide means to talk about both the business domain and the
process model. The DE is not longer forced to rely on the information provided by the MB solely
(2)—the speciﬁcation of testcases (4) and their automated validation against the formal process
model (6) provide an unambiguous basis for communicating with the MB (5). This does not mean
that the DE and MB do not communicate directly anymore. Rather, tests provide an additional
communication channel. Thereby, modeling minutes, which are formulated as testcases instead of
informal text can be automatically validated against the process model, relieving the MB from
manually checking the process model against the informal speciﬁcation.
Test 1
Test 2
Test 3
6)

4)

1)
Domain

5)

Domain Expert
3)

2)

Model Builder

Figure 5. Communication channels.
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It is important to stress that the TDM’s process of modeling is of iterative nature. Rather then
specifying all testcases up-front and modeling the process afterwards against the speciﬁcation,
testcases and model are reﬁned iteratively. As illustrated in Figure 6, when a new process model is
speciﬁed, the DE (with the help of the MB) describes a requirement in the form of a testcase. Then, all
testcases are validated against the process model to check whether the speciﬁed behavior is already
supported by the model. For the case that all tests pass, the DE and MB can move on with specifying
the next requirement, that is, testcase. If at least one testcase fails, the DE and MB will discuss whether
the failed testcases are valid, that is, capture the business domain properly. If a testcase is valid, it can
be assumed that the model does not capture the business domain properly and therefore needs to be
adapted. However, if the discussion reveals that the testcase is invalid, the testcase needs to be adapted
to represent the business domain properly. In either case, all testcases are run to ensure that the
conducted adaption had the desired effect. Subsequently, new testcases are deﬁned/adapted or the
model is adapted iteratively until both DE and MB are satisﬁed with the testcases and process model.
Whereas the basic idea, as illustrated in Figure 6, is to start by specifying testcases, for some situations
one might also start with the modeling part or a non-empty model. For instance, when working with
existing process models, it is neither feasible nor meaningful to start from scratch. Furthermore,
depending on the MB’s or DE’s skills and preferences, it is not necessary to strictly follow the testbefore-model idea, for example, to start from an initial model capturing the process logic roughly and
reﬁne it using testcases. Such deviations from the original TDM process are acceptable—as long as
testing and modeling stays interwoven. Otherwise, the beneﬁts of TDM are likely to be diminished.
The idea of TDM is illustrated based on an exemplary modeling session, cf. Figures 7–9. To
recapitulate, we use the following abbreviations:
I Come up with idea
W Write
S Submit paper
Starting from an empty process model, the DE lines out general properties of the process: “When
writing a publication, you need to have an idea. Then you write the publication and submit it.” Thus,
possibly with help of the MB, the DE inserts activities I, W, and S in the testcase’s execution trace (cf.
Figure 7). Respective activities are automatically created in the process model. Now, the DE and MB
run the test, and the test engine reports that the test passes.

Write Testcase

all testcases
pass

Run All Testcases

testcase(s) fail(s)
Discuss Failed Testcase

testcase valid

Adapt Process Model

testcase invalid

Adapt Testcase

Figure 6. Test-driven modeling.
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Trace
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Execution Term.

Process Model
I

I
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S

Figure 7. Testcase 1: <I,W,S> proposed by the DE.
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1
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Figure 8. Testcase 1: introduction of cardinality on I and S.

Trace

Assertions
Execution Term.

Process Model
1

I
I

S

W

W
1

S

S

S
Figure 9. Testcase 2: introduction of precedence between W and S.

Subsequently, the DE and MB engage in a dialogue of questioning and answering [20]—the MB
challenges the model: “So can I submit the paper several times?” “You should submit the paper, but,
at most once!” the DE replies and adds: “And you should only have a single idea—otherwise the
reader gets confused.” Thus, they adapt the testcase capturing this requirement and run it (cf.
Figure 8). Apparently, the testcase fails as there are no constraints in the model yet. After ensuring that
the requirement is valid, the MB adapts the model—inserts cardinality constraints on I and S—and the
test passes (cf.Figure 8).
Again, the MB challenges the model and asks: “Is it possible to submit an idea without paper?” The
DE replies: “No, you always need a written document,” and together, they specify a second testcase
that ensures that S cannot be executed without at least one execution of W before. By automatically
validating the second testcase, it becomes apparent that S can be executed before W has been ﬁnished.
Thus, the MB introduces a precedence constraint between W and S (cf. Figure 9).
Even though, because of lack of space, the given example was kept small, it illustrates the beneﬁts
of TDM for the design and deployment phases, which are detailed in the following:
Improving understandability. As discussed in Section 1, declarative process models do not provide
explicit support for sequential information, thereby forcing the MB to construct respective
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information in his mind. At this point, the sequential nature of testcases is exploited: because
speciﬁcation and testing are interwoven, testcases and models are paired together. Thereby,
testcases provide an explicit source of sequential information. The construction of sequential
information is supported by the automated validation of testcases, thus avoiding hard mental
operations. In addition, by specifying a respective testcase, implicit dependencies between
constraints can be made explicit. This, in turn, helps the MB to deal with hidden dependencies.
According to [16], testcases should focus on a single aspect only. For instance, the testcase shown
in Figure 9 focuses on the execution of activity S. Thereby, a chunk of the process model is presented,
focusing on a certain aspect of the model only. This, in turn, enables the MB to read the model testcase
by testcase, that is, chunk-wise.
Besides, the ordering of the activities speciﬁed in the testcase proposes a way of reading the process
model. Consider, for instance, the testcase illustrated in Figure 9: Activities I, W, and S are ordered
consecutively. Thus, the reader can assume that the process probably starts with activity I and ends
with S.
Foster communication. As already pointed out, our approach aims at fostering the communication
between DE and MB. Wrapping up, we expect testcases: (i) to act as communication medium
between DE and MB that serves as basis for discussion, (ii) structure their dialogue; and (iii) allow
to focus on the modeling task, as testcases provide a way to automatically ensure that existing
behavior is not touched when changing the model.
Support schema evolution. Because design is redesign [34], during schema evolution, the same
principles as for process speciﬁcation can be applied. The only difference, however, is that DE and
MB already have a set of testcases as starting point that is extended as the process model is reengineered.
The use of automated testcases is also beneﬁcial for supporting schema evolution. First, existing
testcases ensure that desired behavior is preserved by schema evolution, that is, no unwanted behavior
is introduced (cf. regression testing, Section 5.1.1). Second, the speciﬁcation of new testcases
capturing the behavior to be introduced helps the modeler to determine which constraints need to be
changed, addressing the maintainability issues discussed in Section 4.2. Similar to the speciﬁcation of
new process models, the ﬁrst step consists of specifying a testcase that deﬁnes the behavior to be
introduced/changed. Afterwards, the MB iteratively reﬁnes the testcase, creates new testcases, and
adapts the model until the desired solution is ﬁnally approached. The automated nature of testcases
ensures that neither requirements are forgotten, nor new requirements contradict existing ones,
allowing DE and MB to focus on the requirement elicitation and the modeling task.
5.3.2. Operation and evaluation. Whereas declarative processes provide a high degree of ﬂexibility
[14], deviations from the process model can occur nevertheless. In DECLARE [14], for instance, it is
possible to specify optional constraints, which can be violated during process execution. These
deviations are usually documented using plain text. However, when deviations occur frequently, it is
desirable to ensure that deviations are incorporated during schema evolution [13].
To support the evolution of business processes over time, we propose to capture each deviation in
the form of a testcase. The execution trace of the current process instance, in combination with a
textual description, can directly be transformed into a testcase. The user, who deviated, is thereby
enabled to document the deviation in a form that can directly be used to guide the upcoming schema
evolution. This means, when redesigning the process schema, the MB runs all testcases for the
respective schema. If all testcases, including the testcases speciﬁed in course of deviations, pass, the
MB will know that the new process schema version also supports the needs of users who deviated.
Otherwise, testcases that fail will be discarded if the discussion between DE and MB reveals that
respective behavior should not be supported in the new process model version.
Consider the process depicted in Figure 2, which allows for the submission of a paper only,
resubmission is not supported. If a user needed to resubmit a paper, he would deviate from the process
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by inserting and executing an activity Resubmit Paper. In order to assure that the next version of the
process model includes this exceptional case—or at least that the exceptional case is discussed during
the schema evolution—the user creates a new testcases using the execution trace of the current process
instance and a textual description to record the reason for the deviation.
5.3.3. Testcases and the process life cycle. So far, the implications on the different phases of the
declarative process life cycle have been pointed out. Whereas our approach covers all phases—with
focus on process design and deployment—it should be emphasized that support is not provided in
isolation for each phase. More speciﬁcally, testcases provide a mean of communication and
documentation throughout the process life cycle. Starting in the design phase, they aim at improving
the understandability of declarative process models and foster communication between DE and MB.
Moving to the phase of process deployment, the automated nature of testcases provides support for the
validation of the process. During process operation, testcases can be used to document process
deviations. And, again starting at the phase of process design, testcases speciﬁed during process
operation provide a valuable starting point for schema evolution. Thus, it becomes apparent that
testcases are neither restricted to a single phase of the process life cycle nor to a single iteration of the
life cycle. Rather, testcases ﬂow through possibly multiple iterations of the process life cycle,
providing information that cannot be explicitly speciﬁed by declarative process models in isolation.
The life cycle of testcases is illustrated in Figure 10. Testcases are primarily deﬁned during process
speciﬁcation (1) and can then directly be used for process testing, that is, validation (2). During
process execution, new testcases may be created to document deviations (TCn+1 . . .TCo, cf.
Figure 10—3). These testcases, in turn, can be used as input for schema evolution (1).

6. LIMITATIONS
A limitation of the work presented in this paper is the missing empirical evaluation. However,
promising results about the adapted concepts from software engineering [30,31] and the similarity of
business process modeling and software development [35] indicate that beneﬁcial effects for Business
Process Management can be expected. To further investigate this open issue, an empirical evaluation is
already in progress (cf. Section 8).
Furthermore, the described framework focuses on declarative business process modeling languages
only; the applicability to imperative languages is questionable. As testcases and imperative languages
both focus on sequential information, the adoption of testcases does not help to balance the sequential/
circumstantial information mismatch (cf. Section 4.1). More likely, the introduction of circumstantial
information (e.g., constraints) will help to facilitate model understanding and validity of imperative
process models (cf. [36]).

3)
un

Spec

+

1)
R

TC1 … TCn

ify

TCn+1 … TCo

+
TC1 … TCn

Test

TC1 … TCn
2)
Figure 10. Process and testcase life cycle.
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In addition, the described approach addresses the control ﬂow perspective only. However, for a
comprehensive testing support, the data perspective, security perspective, and resource perspective
should be taken into account, too. However, this issue can be tackled easily by providing respective
ﬁxtures. Thus, this limitation should be rather seen as a desirable extension than an actual limitation.
Finally, problems inherent to TDD and AAT also apply to TDM. For instance, the speciﬁcation and
maintenance of testcases require additional time. Whereas this demand is also conﬁrmed by studies in
software engineering [30,31], the same studies also stress gains in terms of quality, and subsequent
cost reductions outweigh this investment. In addition, DE and MB specify testcases and model
together, thus for applying TDM, two experts willing to collaborate are required. However, to what
extent problems from TDD and AAT translate to TDM still has to be investigated.

7. RELATED WORK
Most notably is the work of Ly et al. [36], which also focuses on validation; but instead of declarative,
adaptive process management systems are targeted. Interestingly, with respect to the classiﬁcation of
sequential and circumstantial information, their setting describes the opposite of the setting of this
work. Their process models exhibit mostly sequential information, whereas the adopted measure to
improve validity relies on circumstantial information (constraints). Thus, the aim of improving validity
is found in both approaches, however, for entirely different settings.
With respect to process validity, work in the area of process compliance checking should be
mentioned, for example, [37,38]. In contrast to our work, understandability of declarative languages is
not of concern; the focus is put on imperative languages.
Another interesting stream of research is the veriﬁcation of declarative process models. With proper
formalization, declarative process models can be veriﬁed using established formal methods [14].
Depending on the concrete approach, a priori (e.g., absence of deadlocks) [14] or a posteriori (e.g.,
conformance of the execution trace) [39], checks can be performed. Whereas these approaches
deﬁnitively help to improve the syntactical correctness and provide semantical checks a posteriori,
they do not address understandability and maintainability issues.
Related work comes also from the area of process mining, where algorithms are used to extract
declarative process models from execution traces [40], thereby facilitating the creation of declarative
process models. However, these approaches do not help to understand the created models.
The work of Weber et al. [13] is also relevant with respect to the documentation of process
deviations. They propose an approach called ProCycle to capture process deviations using Case Based
Reasoning techniques. However, unlike the work presented in this paper, ProCycle focuses on
imperative processes.
Finally, the work of Schonenberg et al. [41] describes methods for guiding the user through the
execution of declarative processes. Like in our work, understandability is a key concept; however, the
focus is put on the phase of process operation only.

8. SUMMARY AND OUTLOOK
The need for ﬂexible PAISs is clearly acknowledged in the Business Process Management research
community. Consequently, recent interest in declarative processes can be observed, as they promise a
high degree of ﬂexibility. However, the potential of current declarative approaches is impeded by
deﬁciencies in understandability and maintainability. In particular, the validation of respective models
is still an open issue.
This paper proposes an approach toward better understandability and maintainability of declarative
processes by adopting well-established techniques from the domain of software engineering. More
speciﬁcally, we adopt the idea of TDD to interweave the activities of process speciﬁcation and process
testing. Thereby, testcases balance the circumstantial/sequential information mismatch as well as improve
understandability by dispensing with hard mental operations and removing hidden dependencies. In
addition, testcases allow for reading declarative process models chunk-wise and propose a way of reading
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process models. Furthermore, as testcases are also understandable by the DE, they foster communication
between DE and MB by providing a basis for discussion. During process execution, testcases, in turn, help
to document the reasons for process deviations and ensure that respective deviations can be easily
considered in schema evolution. When the process model is adapted in the course of schema evolution,
testcases ensure that the adaptions do not interfere with existing requirements. In addition, testcases help to
identify which part of the model needs to be changed.
Further work focuses on the empirical evaluation of the elaborated concepts. A prototype
facilitating TDM supporting the described concepts and providing a simple calendar-like ﬁxture is
currently being implemented, and possible scenarios for empirical studies are being investigated. In
addition, we will evaluate how the TDM tool can be best integrated into the activity of process
speciﬁcation. For supporting efﬁcient speciﬁcation of testcases, for instance, we assume that a tight
integration of testcase tools and process modeling tools is needed.
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