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Abstract. Runtimes for process-aware applications, i.e., process engines, constantly evolve and in the age of cloud-enabled process execution, the need to change a runtime quickly becomes even more evident. To cope with this fast pace, it is desirable to build processes in a
way that makes them easily portable among engines. Reliance on process
standards is a step in the right direction, but cannot solely solve all problems. Standards are just specifications from which implementations will
naturally deviate, thus fueling the problem of process portability. Here,
the field of software measurement can provide some remedy. Metrics for
process portability can help to make intelligent decisions on whether to
invest in porting or rewriting process-aware applications. What is more,
if integrated into the development process through agile techniques like
continuous inspection, portability metrics can help in the implementation of more portable processes from the very beginning.
In this chapter, we present an approach for the measurement of process
portability and explain how this can improve decision making and process
quality in general. The approach builds on the recently revised version
of the renowned ISO/IEC software quality model and we describe how
this model is in line with techniques of continuous inspection. We discuss
what constitutes process portability and present a set of newly proposed
software metrics for quantifying portability.
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1

Why Process Portability Matters

It has never been easier to provision a new and scalable runtime environment
for an application than today. In the times of cloud computing, new computing
resources can be acquired on demand and set up within seconds. This enables
applications to scale up and down intelligently, depending on the workload put
onto the system [1].
This flexibility is not for free, but leads to new problems and exacerbates
existing ones. One of the problems that regain in importance is the problem of
application portability. Portability, the ability to move software among different
runtime environments without having to rewrite it partly or fully [2, 3], is the
prerequisite for benefiting from current trends and a primary enabler for the
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evolution of process-aware information systems (PAIS). There is no use in being
able to provision a new runtime environment, if the target application cannot
be adjusted to run in that particular new environment. Application portability
is a central characteristic of software quality [4] and is part of various software
quality models, e.g., [5–9]. Especially since the arrival of cloud-based applications, work on application portability, e.g., [10, 11], is gaining momentum. This
is also demonstrated by recent standardization initiatives, such as the Topology
and Orchestration Specification for Cloud Applications [12].
Process-aware applications [13] are in a premier position to address these
problems and have the potential to better cope with them than traditional applications, as for instance demonstrated by the recent advent of cloud-based process management systems [14]. This results from the fact that the abstraction
from the execution platform, i.e., the runtime engine, is a fundamental concept
in the architecture of process-aware information systems [15]. If a process is developed in a format that is independent of a concrete engine, it should be easily
portable to any engine that consumes this format. Major international process
standards, such as the Business Process Model and Notation (BPMN) [16], the
Web Services Business Process Execution Language (BPEL) [17], or the XML
Process Definition Language (XPDL) [18], name the portability of processes as
an important goal and provide platform-independent serialization formats that
can solve the problem of portability. Theoretically, if a process is implemented
in conformance to a standard, it should be executable on and portable to any
implementation of the standard. This abstraction can be leveraged in a cloudbased process execution scenario, which is depicted in Fig. 1. Instead of directly
deploying a process to a specific engine, a broker agent can automatically select
the most suitable one based on metric data and deploy it there. In [19], this
example is explained in more detail for the case of BPEL processes and engines.
Additionally, the agent can adapt and improve the process before deployment.

Fig. 1. Engine Selection with the Help of a Broker Agent

Despite this extraordinary starting position, process-aware applications today are still limited with respect to their portability. The implementations of international standards rarely support the complete specification, but omit certain
parts or differ in the interpretation of the standard [20–22]. As a consequence,

even processes that are compliant to a standard might not be portable to any
process engine for that standard, if they use features that no engine supports1 . In
other words, it is not possible to depend on a standard alone for achieving process
portability. This is an obstacle to PAIS evolution and the application scenario
from Fig. 1. In this situation, agile techniques for software quality improvement,
such as continuous inspection [24, 25], can be applied as a remedy [24, 26–29].
The prerequisite for the application of such techniques is that portability issues can be detected and quantified. This quantification is the central topic of
the current chapter. Work on measuring the portability of applications, and
specifically of process-aware ones, is rather scarce. For this reason, we work on a
metrics suite for quantifying the portability of and detecting portability issues in
process-aware applications, based on recent software quality standards [5]. Such
software metrics could be leveraged to support an easier evolution of processes
and execution engines. For instance, when a new version of an engine becomes
available, metric data can be used to confirm if existing processes can automatically be ported to said engine. As explained in Fig. 1 and outlined in [19], with
the help of metric data, an agent could automatically perform the selection of
an appropriate engine for a given process. The agent could analyze the process
and, based on the constructs it uses, determine on which engines the process
can be executed. From this set of possible engines, the most suitable one can
be selected based on further quality data or heuristics, such as the ease of its
installation. If no suitable engine for a process is found, metrics and inspection
methods can be used to identify possibilities for adaptions of the nonportable
parts of the process or even replacement candidates for the process as a whole.
To sum up, support with software metrics has the potential to reduce the manual
effort required for porting processes and to ease the evolution of process-aware
information systems.
This chapter is intended as an overview on the topic of portability for processaware information systems. In Sect. 2.1, we explain in detail why problems of
portability are not solved by today’s standards as discovered in several case studies. We then go on and describe in Sect. 2.2 and 2.3 how these problems can
at least be relaxed through techniques of software measurement and continuous
inspection. Thereafter, we give an overview on our current work on software metrics for portability in Sect. 3, along with examples explaining how an intelligent
PAIS can make use of metric data. The chapter is based on several publications [3, 20, 21, 30, 31] which we extend and synthesize into a unified context.

2

How Software Measurement Can Help

The measurement of software quality is almost as old as the discipline of software
engineering itself [32,33]. The quantification of the quality of a software product
can lead to an improvement of its quality [26].
1

This problem is evident if processes are not implemented manually for a particular
engine, but derived automatically, for instance, in a model-driven mapping [23].

In the following subsection, we show why the problem of process portability is
not already solved by the international standards and specifications that exist.
Thereafter, in Sect. 2.2, we discuss how the usage of agile techniques such as
continuous inspection can help to improve this situation, given a mechanism for
the detection of portability issues and a quantification of portability is available.
This leads to a description of several frameworks that form the basis for this
quantification in Sect. 2.3, in particular the ISO/IEC 25010 standard for software
quality [5]. The next subsection is partly based on [21].

2.1

Standards Are Not Enough

Several standards and notations for building process-aware systems exist today,
e.g., [16–18]. It is a popular conception that all that has to be done to achieve
portability of process code is to write it in one of these notations. The availability of a standardized serialization format for processes is enough to silence
most arguments relating to portability. This is an obvious advantage for the implementers of a standard and vendors of tooling. In the absence of certification
authorities, it is easy to claim support for a given standard.

Fig. 2. Different Subsets of Supported Language Elements by Different Engines

However, the reality of implementing process-aware applications looks different. Process specifications are complex and might contain ambiguities, as discussed for particular specifications in [22, 34]. Moreover, they often have a large
set of language elements. For instance, the BPMN specification lists 63 different
types of events in Sect. 10.4 [16]. As a result, the implementers of such a language often just implement a subset of the language or implement some language
features in a way that differs from the original language specification. Only the
elements of the language that are contained in the overlap of these subsets are
truly portable. Other elements are only portable to a limited degree, as depicted
in Fig. 2. This implies that a practical porting of a process is often not feasible,
despite the fact that multiple implementations claim to support the language

the process is implemented in, and portability should therefore theoretically be
a given fact.
To shed light on this situation, we performed two studies [20, 21], in which
we benchmarked and analyzed a variety of process engines to see how well they
support the language they claim to implement. We chose BPEL [17] for these
studies. This language has been conceived for service orchestration and has received tremendous interest in academia and industry since the publication of its
final version in 2007. Today, this interest is somewhat in decline in favor of other
languages, but a variety of runtimes for BPEL have been built and are used in
production today. Porting BPEL processes is a real problem practitioners face.
This makes an analysis of the runtimes of this language worthwhile.
To see how well process engines support the language, we implemented a
conformance benchmarking tool [35], called betsy 2 . This tool provides a conformance test suite which covers all language elements of BPEL with more than
130 test cases, in the form of standard-conformant BPEL processes. Additionally, we also provide tests for the functional correctness of implementations of
workflow control-flow patterns. Moreover, betsy can be used to automatically
manage (download, install, start, and stop) several open source and commercial
engines and execute the tests in an isolated fashion [36]. We derived conformance
tests from the normative parts of the BPEL specification. The test suite is subdivided into three groups, namely, basic activities, scopes, and structured activities,
resembling the structure of the specification listed in sections 10–12 [17]. The
various configurations of the BPEL activities of each group form the basis of
the test cases, including all BPEL faults. Hence, every test case of the standard
conformance test suite asserts the support of a specific BPEL feature. Firstly,
every test case consists of a test definition, being the BPEL process definition
and its dependencies (WSDL definitions, XML Schemas, etc.). The second part
of a test is the test case configuration, being the specification of the input data
and assertions on the result. The aim of every test is to check the conformance
of a single language feature in isolation. During a full test run, our tool automatically converts the engine independent test specifications to engine specific
test cases and creates required deployment descriptors and deployment archives.
Next, these archives are deployed to the corresponding engines and the test case
configurations are executed. At first, every test case configuration checks successful deployment and, thereafter, performs the different test steps. These test steps
send messages and assert the correctness of the responses by means of return
values or expected SOAP faults. When all test cases have been executed, HTML
and CSV reports are created from the test results. The complete test procedure
is quite complex and takes several hours to execute, due to the complexity of
the installation of several of the engines. In the end, a comprehensive overview
over the support for the BPEL specification is the result. For a more detailed
explanation of the testing procedure, we refer the interested reader to [20,21,35].
2

More information on the tool and a description of its usage is available at the project
homepage located at https://github.com/uniba-dsg/betsy.

Fig. 3. Standard Conformance of Process Engines – The figure displays the percentage
of successfully passed tests per engine as discussed in [21].

Fig. 3 provides a rough overview of the state of BPEL support and the
most important results from [21]. It shows the percentage of passed tests of our
test set for a variety of engines, both of commercial and of open source origin.
Two main problems can be read from the plots: Firstly, no engine passes all
the tests, hence no engine implements the complete specification. Secondly, the
variances in the amount of successful tests is high for the different engines. In
more detail, proprietary engines successfully pass between 53% and 92% of the
conformance tests. For open source engines, these numbers vary from 26% to
92%. On average, proprietary engines pass 73% of the conformance test suite,
whereas the open source engines only achieve 62%. In total, proprietary engines
provide a significantly higher degree of support, although the difference balances
if we only consider mature open source engines. All in all, the data demonstrate
that the porting of processes among these engines will be difficult, due to different
degrees of language support.
A similar investigation is currently ongoing for the BPMN language [16] and
we extend betsy for benchmarking BPMN engines. Although we cannot yet unveil the detailed results, we can say that the situation is very similar if not even
more critical for this language. In any case, the results presented here seem to
be representative for the situation we face in practice, regardless of what process
language we consider. They demonstrate, that the availability of process standards alone does not guarantee the portability of processes. Implementations
will always deviate from a standard for a variety of reasons, such as economic
constraints, issues in the specification, or software errors. The best we can do
is to adapt to this situation and to try to build portable processes nonetheless. This is necessary to better cope with today’s highly dynamic environments

and to support the evolution of process-aware information systems. Intelligent
support through software measurement and agile techniques such as continuous
inspection, which are detailed in the following section, can help in this task.
2.2

Quality Improvement With Continuous Inspection

Continuous inspection is a term for the convergence of two quality assurance
techniques, software inspection [37] and continuous integration and delivery [24,
38]. Continuous inspection refers to the constant and automated inspection of
a software product for every source code commit to enhance its quality [25]. In
this section, we explain how this combination works and why it has the potential
for the improvement of process portability.
Software inspections, pioneered by Fagan [37], have a long tradition in software engineering [39, 40]. Ordinarily, these are manual tasks performed as a
quality assurance technique next to other techniques such as unit testing. Essentially, an inspection is a review process where a team of reviewers individually
scrutinize a software product according to a predefined set of criteria. The reviewers try to verify if the product meets its specifications and has a sufficient
level of quality [41]. Afterwards, the reviewers gather in a meeting and produce
a list of defects that can be handed to the authors of the software to fix these
issues. Obviously, this process requires a lot of communication and is therefore
expensive to perform, especially in a repeated fashion. For these reasons, inspection tools have emerged during the last decade. These tools are static code
analyzers that automatically highlight potential issues in code [42]. The benefit of their usage is that an inspection can normally be performed within mere
seconds and repeatedly. Of course, such a tool might not find all issues or detect false positives, but it offers unprecedented advantages in terms of efficiency.
Software inspections need not necessarily be limited to the detection of potential issues, but are also a good occasion to compute quality metrics to see if the
software meets predefined quality criteria.
Inspection tools can be used to much benefit, when combined with continuous
integration (CI) [24]. CI is a term that emerged in the context of agile software
development methods. It belongs to the concept of continuous delivery [38] which
is specified in the first principle of the agile manifesto [43]. CI is a technique
applied during software development that refers to the frequent integration of
all parts of a program and the validation that they do work together properly.
In practice, a continuous integration server is set up and configured to build the
program and run the complete set of tests available every time a commit is made
to the version control system [24]. This allows getting immediate feedback for
the complete team in every stage of development and offers a variety of benefits,
as described on pages 17–22 of [38], or 29–32 of [24]. For instance, defects that
are newly introduced into the code can be detected immediately and fixed at a
point in time where the cost of correction is relatively low. CI has been embraced
in practice and a variety of CI servers and tools are available.
With the proper tools, both of these techniques, software inspection and
continuous integration, can be combined to continuous inspection [25]. The idea

depicted in the feedback cycle in Fig. 4 is to not just run tests for every commit
to the version control system, but also to inspect the code automatically with
available inspection software. That way, possible defects that are not captured

Fig. 4. Continuous Inspection Cycle adapted from [25]

in the tests can be discovered and fixed just as quickly. It might even be possible
to detect issues in the code that have not yet turned into concrete defects, but
are likely to do so in the future. Moreover, this is an opportunity to compute
software metrics and compare them to previously configured thresholds [24, 38].
This way, it can be directly perceived if software quality deteriorates and counter
measures can be taken before the deterioration turns into software errors. What
is more, through this feedback, developers learn which patterns of code tend to
reduce quality and which ones tend to improve quality and are encouraged to
produce code of higher quality3 , as described on pages 137–140 of [38].
The focus of this chapter is portability. So, applying continuous inspection
to this context, this section can be summarized in the following: Given inspection methods and tooling are available for detecting portability issues in code,
these methods and tools can be used in today’s ubiquitous CI environments
through continuous inspection and thus have the potential to lead to higher
code quality. In the terms of this chapter, higher code quality refers to more
portable code. Here, we present methods and tools for measuring the portability
of process-aware information systems. The computation of the metrics we propose is implemented in an open source and freely available inspection and issue
detection library, essentially a static analyzer, the prope tool4 . That way, the
metrics can be integrated into the continuous inspection cycle. Referring to the
3
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This effect of the influence of the measurement on the persons being measured is
known as the Hawthorne effect. Although it normally is disruptive for experiments,
it can also be used to train developers in the fashion described in the text.
Prope stands for PROcess-aware information systems Portability mEtrics suite. For
more information on this tool and instructions on how to use it, please visit the
project page located at http://uniba-dsg.github.io/prope/.

motivating scenario from the introduction depicted in Fig 1, this computation
can be leveraged by a broker agent. For every source code commit, a process can
be inspected automatically by prope. The inspection results in a list of metric
values and issues found in the process, available as CSV and XML reports. An
agent can process these reports and use the data to select a proper engine for
execution. For instance, engines that do not support one or more activities which
the process uses can be immediately excluded from the selection.
2.3

Portability and the ISO/IEC 25010 Quality Model

To use a technique such as continuous inspection, it is necessary to be able to
capture software quality in the first place. This is where software quality models,
e.g., [5–9], come into play. An abundance of quality models has been developed
during the last decades5 . Nevertheless, older quality models, especially by Boehm
et al. [6], Gilb [7], or McCall [8], are still very influential. Such models typically
define a hierarchy of quality characteristics of software, sometimes also called
quality attributes (cf. Sect. 3.6 of [7]). Each quality characteristic describes a
certain major aspect of software quality. Examples are characteristics such as
performance efficiency, usability, or portability [5]. It is often useful to divide
these high-level characteristics into a number of subcharacteristics that focus on
more specific aspects6 . For instance, performance efficiency can be divided into
the subcharacteristics of time behavior, resource utilization, and capacity [5].
The main difference between different quality models [5–9] lies in what quality characteristics and subcharacteristics they define and how many layers of
characteristics they use.
The quality model used here stems from the ISO/IEC series of quality standards, 9126 [9] and 25010 [5]. The characteristics defined by the model “are
widely accepted both by industrial experts and academic researchers” [44, p. 68]
and often cited (just to mention a few, cf. [4, 26, 45, 46]). This series of standards is very prevalent, since it has been derived from and synthesizes other
well-known quality models, e.g., [6–8], and, moreover, has received widespread
acceptance in industry due to the standardization process. Software vendors pay
a considerable amount of money to obtain an ISO certification.
The ISO/IEC 9126 series [9] is most renowned, but is currently being revised
in the context of the ISO/IEC 25010 series [5]. This series is titled “Systems and
software engineering – Systems and software Quality Requirements and Evaluation (SQuaRE) – System and software quality models” and will completely
supersede the 9126 series when it is finished. The quality model from [5] is depicted in Fig. 5. It defines eight top-level quality characteristics and one of these
is portability, the focus of this chapter. Portability has three subcharacteristics,
adaptability, replaceability, and installability. The reasoning behind this structuring can be expressed through a sequence of decisions made when porting an
5
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The amount of quality models has also led researchers to build models of models,
such as the systemic quality model presented in [4].
This is called the attribute hierarchy principle, defined on page 135 of [7].

Fig. 5. The ISO/IEC 25010 Quality Model adapted from [5, p.4]

application, as depicted in Fig. 6. If a software product, in our case a process,
needs to be ported, the starting point is to check if the process can be directly
ported in its current form. If this is not the case, there are basically two options:
1. The nonportable parts of the process can be adapted for the new environment. The ease of this depends on the adaptability of the process.
2. The process can be replaced as a whole by an alternatively available process that runs on the new platform. This depends on whether a suitable
alternative is available.
In any case, the new runtime environment for the process has to be installed. [5]
clarifies that portability and its subcharacteristics have significant influence on
the working life of the maintainers and operators of a system. This is especially
true for the installability of the system, since the operators of an organization
will be the ones who have to perform the installation. As a consequence, an
improvement of portability leads to an improvement of the working life of the
operators. Enabling the quantification of these characteristics during development provides developers with feedback that allows them to develop software
that is better to operate. This integration of development and operations is the
central goal of the DevOps movement [47]. DevOps is a term for another agile
practice that aims at improving IT performance and is strongly related to continuous integration and delivery. It is currently receiving widespread attention
and is increasingly adopted in practice [48].
Each of the quality characteristics should be quantified to allow for meaningful decisions. The enabling of this quantification is our long-term goal and the
content of the remainder of this chapter. At the time of writing, the specification

Fig. 6. Portability and its Subcharacterisitics

that is to contain concrete metrics [49] is still under development and not yet
open to public scrutiny. Moreover, the metrics from preceding versions of the
ISO/IEC quality standards [50, 51] are rather general and often based on the
observation of human behavior, which is, arguably, not the decisive factor when
it comes to the executability of processes on different engines. In previous work,
we proposed and validated measurement frameworks for the direct portability
of processes [3] and their installability [31]. We are currently working on a similar study for adaptability [30], whereas replaceability still remains open. In the
following sections, we give an overview over the proposed frameworks for direct
portability and installability with a brief description of the metrics, outline the
state of our work for adaptability and provide an outlook on replaceability.

3

Metrics for Process Portability

In the following, we discuss how the different characteristics related to portability, direct portability, adaptability, replaceability, and installability can be measured for process-aware information systems. We present current metrics, as far
as they are available yet. The metric definitions are taken from the respective
publications [3, 30, 31].
Our focus lies on the presentation and description of the metrics. Their validation and evaluation is a critical factor, but, due to page constraints, we cannot fully lay out a complete validation and have to refer to the literature [3, 31].
There, we validate the metrics we propose using two theoretical validation frameworks related to measurement theory [52] and construct validity [53] and complement the validation with an experimental evaluation of process libraries.
3.1

Direct Portability

Direct portability is the ability to directly take a piece of software and execute
in on another platform without modification. It is a quality characteristic that
is typically hard to quantify with reasonable effort [45] and no corresponding

metrics for measuring it can be found in the respective ISO/IEC standards [50,
51]. This section is based on [3], where we present an approach for measuring
direct portability of processes and evaluate it with BPEL processes.
A practical way for measuring direct portability is by contrasting the complexity of the task of porting a piece of software to the complexity of rewriting
it from scratch [45]. To capture this complexity, existing metrics for portability use a lines of code-based calculation. This approach can also be applied to
process-based software, but we can improve the accuracy of the measurement by
taking domain knowledge of process-aware systems into account. In summary, a
portability metric can be based on the following equation:
Mport (p) = 1 − Cport (p)/Cnew (p)

(1)

Mport (p) is a metric that quantifies the degree of portability for a process p.
A process can be characterized as a tuple of three sets, < E, A, S >, where E
is the set of elements of the process, A the set of activities, and S the set of
communication activities. Activities are also elements, so A ⊂ E and also S ⊂ A
applies. Cport (p) is the complexity of modifying the process so that it can run
on another platform. Cnew (p) is the complexity of rewriting it completely for a
new platform. Equation (1) is based on the assumption that the complexity of a
rewrite is always at least as high as the complexity of modification. This implies
that the metric value ranges in the interval of zero and one, where zero indicates
no portability and one full portability. The difficulty in this equation is how to
actually determine the complexity. The different metrics presented here propose
different ways of calculating these values.
As described in Sect. 2.1, the direct portability of a process is strongly tailored to the engines that exist for the language the process is written in. Only
process elements that are supported by a majority, or all, engines can be considered to be portable. As a consequence, the measurement of process portability
should take the engines for said processes into account, and not be based on a
theoretical consideration of the problem only. If all available engines support all
the existing language elements in the same manner with respect to semantics,
then any executable process will be portable to any engine and there are no
portability issues. Sect. 2.1 demonstrates that the situation is rather different in
practice. Each engine typically supports a specific language subset, as depicted
in Fig. 2, causing portability issues. On the one hand, there is a basic subset of
the total language that is fully portable. On the other hand, several language
elements are only portable in certain configurations or are limited to a subset
of engines. The more engines support a language element, the more portable it
can be considered.
To take this into account, we calculate a degree of severity, referred to as
Dta , with respect to portability for each language element and its configuration.
This degree can be identified by the number of engines that do not support an
element. The smaller the amount of engines supporting a language element, the
harder it will be to port a process that uses this element. We can precisely determine this amount, by considering the engine benchmarks described in Sect. 2.1.

The benchmarks list for every language element, whether it is supported by a
given engine. This enables us to statically check processes for elements that are
not supported by all engines, as discovered by the benchmark. The portability
metrics we propose describe different aggregations of the support for every language element used in a process to a portability value for the overall process.
We consider a high-level view, typical for classical portability metrics, a processoriented view and a communication-oriented view. In combination, these metrics

Fig. 7. Framework for Measuring Direct Portability – Dashed rectangles mark the
scope of a metric.

form a comprehensive framework for quantifying portability, which is depicted
in Fig. 7. Although all the metrics focus on direct portability, the scope is reduced for each metric to a more limited, but also more critical part of a process.
Simply put, the basic portability metric takes all process elements equally into
account. The weighted portability metric also considers all process elements, but
includes engine support data in the computation. Activity portability only takes
control-flow related aspects, such as activities, gateways, or events, into account.
Finally, service communication portability only considers activities related to
message sending and reception.
Basic Portability: A universally applicable way of calculating Cport (p) and
Cnew (p), denoted as basic portability metric Mbasic , is to consider the lines of
code that have to be rewritten for porting the software (as indicated in [6, 7]).
If it is to be redeveloped from scratch, all lines will have to be rewritten, so
Cnew (p) amounts to the total lines of code of the program. In our case, lines of
code correspond to process elements, so Cnew (p) refers to the total amount of
elements in a process, denoted as Nel being the cardinality of set E. Cport (p) in

turn amounts to the elements from E that have to be rewritten when porting it,
i.e., the number of elements from E for which problems could be detected. As the
number of elements that have to be rewritten for porting cannot be larger than
the number of elements that do actually exist, Cport (p) ≤ Cnew (p) always applies.
In the most extreme case, where all elements are nonportable, Cport (p) will be
equal to Cnew (p) and consequently Mbasic (p) = 0, indicating no portability at
all. The metric is undefined for an empty program, where Cnew (p) = 0.
Weighted Portability: Mbasic transfers the classical abstract portability metric to the area of process languages. However, it does not make full use of the
empirical data at hand. To be precise, it only confronts the amount of fully
portable elements of a process to all of them. Using the degree of severity Dta ,
described at the beginning of this section, it is possible to fine-tune this observation, resulting in a more accurate metric value. This is the principle underlying
this and the following metrics.
For the weighted elements portability metric, the complexity of rewriting a
process Cnew is defined as Cnew (p) = Nel ∗Nengines . It is identical to the amount
of elements Nel (as in the basic portability metric) multiplied with the number
of engines under consideration Nengines . Effectively, every element is treated as
if it is unsupported by any engine and has to be rewritten when being ported,
resembling the worst case. The complexity of porting Cport is defined as follows:
Cport (p) =

Nel
X

Cel (eli )

(2)

i=1

The complexity of porting Cport of a process p is the sum of the element
complexity Cel for each element eli from E. The element complexity Cel for an
element eli of process p refers to the most severe portability issue that can be detected for the element7 . It corresponds to the degree of severity as defined above,
the number of engines not supporting the element in its current configuration.
The more engines that support the feature, the less the complexity of porting
it will be. Similarly, the fewer the number of engines, the higher the complexity. Summarizing the above discussion,
weighted elements metric Melem is
Pthe
Nel
calculated as follows: Melem (p) = 1 − i=1
Cel (eli )/(Nel ∗ Nengines ).
Activity Portability: The most central building block of process languages in
general are activities. Activities are typically basic atomic steps of computation.
For process complexity measures [54, 55], activities and the transitions among
them are the dominant factor. Apart from activities, processes include a variety
of other elements such as, for instance, variable definitions. Considering the
conceptual importance of activities, it can be expected that the impact of using
problematic activities on portability is critical. Having to alter the flow of control
for porting a process affects its behavior which is not desirable.
7

This is a simplified description of element complexity. For an extensive discussion
and formal definition of this function, please refer to [3].

An activity-oriented view on portability is provided by the activity portability metric Mact as a variation of the weighted elements metric. Here, instead
of elements, we only consider activities and problematic configurations thereof
(i.e., the elements of set A) when computing portability. Issues that cannot be
linked to a specific activity, as for example process-level import statements or
variable definitions, are omitted in the consideration of this metric. For Mact ,
Cnew changes to Cnew (p) = Na ∗ Nengines where Na denotes the total amount
of activities, the cardinality of A, in the process definition. Cport changes to
PNa
Cel (ai ). This means that only the element complexity Cel of
Cport (p) = i=1
the activities in p is considered.
Service Communication Portability: Communication and composition relations among services and processes are a decisive factor for service-oriented
and process-aware systems and metrics for such systems center on these properties [56]. Communication relationships describe the observable behavior of a
process; that is, the messages it sends and receives. The distinction between the
description of observable and internal behavior is the discriminating factor for
different types of process models [57]. Message sending and reception is performed using specific activities. In terms of portability, these activities are most
critical. Single elements and perhaps even the control-flow structure of a process
may be changed for porting in a way that does not affect the observable behavior. However, this is unlikely if the activities that have to be changed concern
communication. In this case, these activities directly affect the observable behavior of the process. Changing them (to enable portability) and consequently
changing the observable behavior influences other systems that interact with the
process, and this way of change propagation is highly undesirable.
The service communication portability metric Mserv allows focusing on the
impact of communication related activities on portability. For this metric, the
calculation of Cnew and Cport is changed to include only the activities relating to
service interaction (i.e., the elements of set S), that is: Cnew (p) = Ns ∗ Nengines
PNs
and Cport (p) = i=1
Cel (si ). Effectively, this is an extension of Mact that focuses
solely on activities for service interaction. Nserv refers to the total amount of
activities for service interaction, the cardinality of S. Cport is limited to only
consider the element cost of these activities.
In Summary: The metrics presented in this section and depicted in Fig. 7 try
to capture the direct portability of a process. For more details and a validation
and evaluation of the metrics, please refer to [3]. Each of the metrics corresponds
to a reduction in scope and an increase in criticality. In combination, they allow
for a comprehensive view of the portability of a process. If evaluated in the continuous inspection cycle, as described in Fig. 4, they can be used to immediately
detect a deterioration of the direct portability of a process under development.
Fig. 8 considers the scenario of automatic engine selection presented in the introduction. A new activity is inserted into process X and, during inspection, an
issue is detected in the configuration of this activity, resulting in a decrease of its

Fig. 8. Engine Selection based on Portability Data

portability. The metric values for the process and the issue are reported by the
inspection tool, prope, and this information can be utilized by a broker agent. If,
for instance, the activity is known to be unsupported by engine C, this engine
can be excluded from the selection by the broker agent.

3.2

Installability

The ISO/IEC SQuaRE model defines installability as the “degree of effectiveness and efficiency with which a product or system can be successfully installed
and/or uninstalled in a specified environment” [5, p. 15]. When it comes to
process-aware information systems, two components are of interest with respect
to installability: The process itself and its runtime engine. Both of these com-

Fig. 9. The framework for measuring installability adapted from [31]. Ellipses denote
quality characteristics, rectangles denote direct metrics obtained through code analysis
and benchmarking, and rounded dashed rectangles depict aggregated metrics that are
computed by the combination of direct metrics using the functions displayed in circles.

ponents influence the installability of the complete system and should therefore
be taken into account. Fig. 9 outlines the model we use for measuring installability. In [31], on which this section is based, we divide the quality characteristic
installability into the subcharacteristics engine installability and deployability.
Each of the subcharacteristics can be measured by a set of direct and aggregated metrics. Direct metrics can be computed directly from source code
artifacts or log files, whereas aggregated metrics are formed by the combination
of direct metrics. The metrics ease of setup retry (ESR) and installation effort
(IE) stem from the ISO/IEC standards [50, 51]. We extended installation effort
to also consider average installation time (AIT ) and not only the number of
distinct steps (N DS) required for the installation. When it comes to deployability, no corresponding metrics are available in [50, 51], so we develop new ones.
These consist of deployment effort (DE), which considers deployment descriptor
sizes (DDS) and the effort of package construction (EP C), next to deployment
flexibility (DF ). The deployability metrics DDS, EP C, and DE are internal
(i.e., they relate to static properties of the software), and the remaining metrics
are external (i.e., they relate to dynamic properties and can be verified during
execution), as specified in Sect. C.3 of [5].
Ease of setup retry (ESR): This metric, defined in Sect. 8.6.2 of [50], is
intended to measure how easy it is to successfully repeat an installation of
an engine. It relates the number of successful installations of the same engine e (Nsucc ) to the number of attempted installations in total (Ntotal ). That is
ESR(e) = Nsucc /Ntotal . [50] refers to manual installations, but the metric is just
as applicable to an automated installation process. If this process is completely
deterministic, then those numbers will be identical and ESR(e) equal to one. If
it is not free of errors, installations may fail, resulting in a lower ESR value.
Installation effort (IE): Installation effort provides a notion of the difficulty
of the installation process of an engine. Sect. 8.6.2 of [50] suggests to measure it
as the amount of automatable installation steps in relation to the total amount of
prescribed steps. As we found in the case study described in [31], the installation
of process engines can often be automated fully, but the complexity of this
automation and, more importantly, the duration of the installation varies a lot.
For that reason, we deviate in the measurement of installation effort from [50]
and instead measure it through a combination of two direct metrics: The total
number of distinct steps (N DS) and the average installation time (AIT ). The
first is identical to the number of steps that need to be automated, and thereby
partly corresponds to the metric defined in [50]. N DS includes every operation
that needs to be performed for the installation, such as the copying of files and
creation of directories or changes in the configuration of certain files. This metric
can be determined through a heuristic evaluation [58], i.e., we can essentially
count each step in an installation script. The average installation time can be
computed by performing the distinct steps required a suitable amount of times
and measuring execution times. AIT and N DS can be aggregated to a notion

of installation effort (IE) per installation step:
(
0
if N DS = 0
IE(e) =
AIT (e)
otherwise
N DS(e)

(3)

Note that an installation routine that consists of several simple steps is desirable
over a single installation step that takes very long even if the multiple step
installation takes longer. The reasoning behind this is that simple and quick
installation steps are easier to automate, to repeat in case of a failure, or to
adapt to a new environment.
Deployment Flexibility (DF): This metric can be used to quantify the availability of alternatives for achieving the deployment of a process. Deployment
normally consists of the execution of a single engine operation provided with
all artifacts needed for execution. Nevertheless, deployment can take different
forms, multiple of which can be supported by an engine. The more options a
server supports, the more flexible it is and the easier deployment can be achieved.
We capture this in the metric deployment flexibility (DF ), which corresponds to
the number of options available. The intention of the metric is to adapt installation flexibility from Sect. 8.6.2 of [50] to this context. Typically, three different
options are available:
1. Hot deployment, i.e., a copy operation of a deployment archive into a specific
directory,
2. the invocation of a deployment script, or web service,
3. a manual user operation using a GUI or web interface.
Deployment Effort (DE): Being similar to installation effort, this metric can
be used as an overview of the complexity of the preparation of a process for its deployment. Deploying a process normally requires its packaging and the construction of one or more deployment descriptors. The construction of these descriptors
may be partly automated or aided by graphical wizards, but in the end it is configuration effort that can take a significant amount of time to get right. The more
complex the packaging and the more extensive the descriptors, the harder it is
to deploy a process on a specific engine. We capture packaging with the metric
effort of package construction (EP C) and deployment descriptors with the metric deployment descriptor size (DDS). The effort of package construction can
be measured by counting each part of a prescribed folder structure that needs
to be built and compression operations that need to be performed to construct
the prescribed deployable executable: EP C(process) = Nf c + Ndc + Nco . Nf c
refers to the amount of folder creations, Ndc to the amount of descriptors, and
Nco to the amount of compression operations required. The deployment descriptor size DDS for a process corresponds to the
size of all descriptor files,
PNadded
desc
{dd1 , ..., ddNdesc }, needed: DDS(process) = i=1
size(ddi ). For process-aware
applications, typically two different types of descriptor files exist in practice:
i) plain text files and ii) XML configuration files. As plain text files and XML

files differ in the ways in which they represent information, different ways of
computing their size are needed. For plain text files, a lines of code metric is
appropriate. For the descriptors at hand, every nonempty and noncomment line
in such files is a key-value pair with a configuration setting, such as a host or
port configuration, needed for deployment. We consider each such line, using a
LOC function. For XML files, the notion of lines is not applicable, but instead
information is structured in nested elements and attributes. To compute the size
of XML files, we consider the number of elements and attributes Nea , including
simple content and excluding namespace definitions, which represent an item of
information in the same fashion as key-value pairs in plain text files. All in all,
the size of a descriptor desc is defined as follows:
(
LOC(desc), if plain(desc)
(4)
size(desc) =
Nea ,
if xml(desc)
As a result, the deployment effort can be computed in the following fashion:
DE(process) = DDS(process) + EP C(process). The idea here is to capture
every factor, independent of its nature, that increases the effort of deploying a
process.
In Summary: The metrics presented above allow for a quantification of the
installability of a process-aware information system. Metrics for engine installability can be used to compare different engines and might help to select the
best one. Metrics for deployability can be used to compare different processes
with each other and are also suitable for continuous inspection. As demonstrated
in [31], certain values for deployability are typical for certain engines. Hence, also
deployability metrics can be used as a factor when selecting different engines. As

Fig. 10. Engine Selection based on Installability Data

before, a more detailed formal definition, as well as a validation and evaluation
can be found in [31]. Fig. 10 outlines how this information can be leveraged in
the engine selection scenario from the introduction. Prope can be used to compute installability and deployability data of different combinations of a process
X and possible engines for X. The agent can compare the metric thresholds of

the different systems and select the better one, for instance the one with lesser
deployment and installability effort.
3.3

Adaptability

When it comes to the quality characteristic of adaptability, we did not yet perform extensive evaluations as in [3, 31]. At the time of writing, work on adaptability is underway, but not yet published. Therefore, we give an outline for
this quality characteristic and sketch our preliminary approach for computing
metrics, presented in [30], but without defining concrete metrics.
The ISO/IEC quality model defines adaptability as the “degree to which
a product or system can effectively and efficiently be adapted for different or
evolving hardware, software or other operational or usage environments” [5, p.
15]. The definition refers to a manual design-time adaptation. Here, we focus on
adaptations to the software environment only. The metrics for adaptability of
the existing ISO/IEC quality model [50,51] are based on counting the number of
program functions that seem to be adaptable to different contexts. This number
is contrasted with the number of functions that are required to be adapted in
the current situation, which is typically all program functions that need to be
available in the new environment after porting. By relating these two numbers,
one can obtain the percentage of program functions that can be adapted. This
provides a basic notion of adaptability for the complete program. However, such
a measure is coarse and there is no description of how to actually determine if a
function is adaptable or not.
Related studies on adaptability metrics are directed at the architectural layer
of a software product and not the concrete source code [59, 60]. There, adaptability is first quantified in a binary or weighted fashion for an atomic element of
the respective system, such as a component in the software architecture. These
element adaptability scores are then subsequently aggregated using different
adaptability indices at different layers of abstraction to arrive at a global value
of adaptability for the complete software architecture. This way of computing
adaptability should also work when looking at code artifacts and not architectural elements of a program. Here, we focus on executable processes and try to
reproduce the adaptability computation in the above sense. Thus, our idea is
to quantify adaptability at the level of an atomic process element, such as an
activity, and to aggregate this to a global degree for the complete process.
For quantifying adaptability at the level of an atomic process element, we
count the number of alternative representations for the functionality provided by
the element that result in the same runtime behavior. In every process language,
there are typically multiple alternatives for each process element that can result
in identical process behavior at runtime. The more alternatives exist for a given
process element, the easier it is to replace this element with such an alternative,
and hence the more adaptable the resulting code actually is.
A simple example for multiple alternative implementations of the same functionality in BPMN [16] is repetitive execution of a task through a Loop marker
for the task. Any of the following language constructs can be used to define

repetitive execution of a task and hence can be used as an alternative to a Loop
marker:
1. A combination of an Exclusive Gateway and Sequence Flows
2. Enclosing the task in a Loop Sub-Process
3. Enclosing the task in an Ad-Hoc Sub-Process
4. Enclosing the task in an Event Sub-Process
It is likely that a BPMN engine will only support a subset of these options. For
instance, the Activiti engine8 , currently does not support normal Loop markers
(standardLoopCharacteristics). It does support the combination of Exclusive
Gateways and Sequence Flows, as well as Event Sub-Processes, but no Loop or
Ad-Hoc Sub-Processes. Given that a process with a task that uses a Loop marker
needs to be ported to the Activiti engine, the code needs be adapted to one of
the versions Activiti supports.

Fig. 11. Agent-Aided Process Adaption

Considering the application scenario from the introduction, the design-time
adaptation of a process becomes necessary if no suitable engine for executing it
can be found. By inspecting the adaptability of the process, in particular with
respect to the elements of the process that hinder portability, it is possible to
recommend possible adaptions of these elements. Depending on their nature,
the adaptions might even be performed transparently and automatically by the
broker agent.
In [30], we propose to capture the number of alternative representations of
a process element with its adaptability score: AS(e) =| {alte1 , . . . , alten } | This
score is equivalent to the cardinality of the set of alternatives {alte1 , . . . , alten }
for the element that are available in the language. For the approach to work,
such a set of alternatives must be determined for every element of the process
language. Based on atomic adaptability scores, a mechanism for aggregating
these scores to a global adaptability degree for the complete process is needed.
This is necessary to allow for the comparison of different processes in terms
of their adaptability. Moreover, the aggregated degree should be normalized
with respect to the size of the process, to enable the comparison of processes
8

For more information on this engine, see the Activiti user guide: http://www.
activiti.org/userguide/index.html.

of different size. A straightforward way of aggregating adaptability scores is the
following:
1. Normalize the score for every element.
2. Similar to [59], compute the mean score of all elements in the process.
This leads to the question of how to normalize scores on an atomic level.
We propose to divide the score by a reference value. This reference value can be
identified by the maximum adaptability score achieved by any of the elements
in the language. That way, the most adaptable language element will have a
normalized score of one, whereas other elements will have a value between zero
and one. This results in the following equation:
AM (p) = (AS(e1 )/R), . . . , (AS(en )/R)

(5)

The value of an adaptability metric AM of process p, which consists of the
elements e1 , . . . , en , is equal to the arithmetic mean of the adaptability scores
AS for every element e divided by the reference value R.
For the choice of the reference value, different schemes are possible. The
scheme we use here has several advantages with respect to the computation:
1. The resulting metric value always ranges in the interval of [0, . . . , 1] and thus
resembles a percentage value. This scale is easy to understand and interpret,
which is critical for the adoption of the metric.
2. The reference value is identical for processes of the same language. Using a
reference value that is specific to a concrete process might result in a more
meaningful metric value for that process, but it would no longer be directly
comparable with different processes. That way, the metric would lose one of
its primary purposes.
The division by a reference value is a first proposal for computing an adaptability metric. Alternative ways are possible and we currently test and compare
different schemes of computation. We perform an evaluation for BPMN and test
the metrics performance for a process library. This way, we hope to find an appropriate way of quantifying adaptability for executable processes. Adaptability
metrics computed in this fashion are applicable to continuous inspection.
3.4

Replaceability

Also for replaceability, no dedicated metrics have been proposed and tested so
far. Hence, we provide a discussion on the nature of the characteristic and present
a literature review of existing metrics that could be used for its quantification.
The ISO quality model defines replaceability as the “degree to which a product can replace another specified software product for the same purpose in the
same environment” [5, p. 15]. This implies that replaceability cannot be evaluated for a single isolated piece of software, but requires a paired combination
of two pieces: the currently installed software and a candidate for replacement.
In our case, this translates to a currently running process and its replacement
candidate. Similar to the case of adaptability, the evaluation of replaceability
for a process becomes necessary, when no suitable engine for executing it can be

Fig. 12. Process Selection based on Replaceability Data

found. Replacing the process as a whole is an alternative to adapting it, but is
only possible if a suitable candidate is available, for instance in a process repository. If this is the case, replaceability metrics can be used to determine the best
available replacement. This application scenario is depicted in Fig. 12. It might
even possible to combine the replacement with adaptability data, to find the
most similar process which is the easiest to adapt. This scenario implies that
replaceability is typically computed on an ad hoc basis to find an alternative
process. In contrast to the other metrics proposed so far, metrics for replaceability are therefore not suitable for continuous inspection. As before, the metrics
presented in [50, 51] are solely focused on the observation of user behavior and,
hence, not applicable here.
In its core, the question of replaceability is one of similarity [61]. Processes
are more likely to replace each other if they are highly similar to each other. As a
consequence, metrics for process similarity are applicable for evaluating replaceability. Process similarity is important for a wide array of applications apart
from replaceability assessment [61], such as process or service discovery [62–65],
compliance assurance [66], pattern support assessment [67], and the facilitation
of process change [68], just to mention a few. A correspondingly high amount of
similarity metrics has been proposed. These metrics measure similarity among
processes in terms of labels, structure, or behavior [65]. Labeling approaches quantify similarity by comparing the names of process elements, structural approaches
compare the process graph, and behavioral approaches compare execution traces
of processes. The abundance of similarity metrics has led researchers to refrain
from the definition of new metrics and perform comparative studies on metrics
performance instead. A good example of such a study is [69]. In this study, Becker
and Laue perform a review of existing metrics, classify them according to the
area of application they are directed at and compute metric values for a set of
synthetic process models. Based on this computation, they provide suggestions
on the quality and appropriateness of the different metrics. For the application
of measuring the conformance of executable processes to each other, which is
the problem we face here, the authors recommend measures that compute similarity based on the dependencies among the activities of the process graph.
They evaluate metrics based on dependency graphs [70] and their improvement
in TAR-similarity [71], Casual Behavioral Profiles [72], Casual Footprints [64],

and the String Edit Distance of Sets of Traces [62]. They find casual footprints
to be computationally inefficient and criticize the edit distance of sets of traces,
TAR-similarity and dependency graphs for considering direct precedence relationships among activities only, and casual behavioral profiles for being unable
to handle OR-splits in process models. Here, an additional comparison of these
measures with replaceability in mind would be useful.

4

Related Work

We tried to discuss approaches related to the work presented here throughout
each section. However, three areas should be examined closer:
1. The standards assessment from Sect. 2.1 relates to unit testing and conformance evaluation approaches for process-aware information systems.
2. Software measurement and inspection is, of course, not the only approach
for tackling portability issues caused by the dichotomy of specifications and
their implementations.
3. A large body of work on software metrics and measurement in general and
on metrics for process-aware information systems in particular exists.
In the following three subsections, we discuss each of these areas and provide
hints for further reading.
4.1

Work on Process Unit Testing and Conformance Validation

The portability metrics we propose build on a conformance testing framework
for process-aware information systems, betsy, which relates to other testing approaches in this area. The unit testing of processes, in particular BPEL processes,
has received considerable attention [73]. In this area, the BPELUnit project [74]
is most widely accepted. The main difference between unit testing approaches
and the work discussed here is that the former check the correctness of specific
process models, whereas we check the correctness of process engines. In other
words, the systems under test in our case are different from the systems under
test in unit testing approaches.
Conformance checking in the context of process-aware information systems
is generally not understood as the testing of the conformance of an engine to the
specification it claims to implement. Instead, it refers to the verification of the
behavioral properties of a concrete process as specified by an abstract process
model. Examples of approaches using this type of conformance checking are [75–
78]. Our tool does not check behavioral conformance of concrete process models
to abstract specifications. Instead, it checks the implementation conformance of
a middleware to a standard specification.
4.2

Approaches for Tackling Portability Issues

Studies that address process portability [79–81] also view ambiguities in an informal standard specification as a major problem. [79] try to tackle this problem

for BPEL by providing a formal definition of the specification that refines ambiguous aspects. The formalization is accomplished by a formal language called
Blite. This language can be compiled to executable process code for a specific engine [79]. [80] takes the same approach, by defining a domain specific language
that should make programming easier. This approach of pre-compilation can
preempt portability problems, by avoiding language elements that are problematic. However, the user of such an approach needs to learn yet another language
besides the target one. Here, we do not try to preempt portability issues, but
instead to quantify them.
An alternative approach, taken by [81], is to consider the implementation of
a standard in practice for improving the standard specification itself. Problems
of ambiguity in the specification can be resolved by adopting the interpretation
a majority of implementations use in practice. Although we consider the way engines implement the standard in practice here as well, it is not our intent to refine
and change the specification, as in [81]. Instead, we determine which aspects of a
process definition, although being standard-conformant, cause portability issues
and quantify these issues.
4.3

Metrics for Selected Quality Characteristics

There is a large body of work on measurement and metrics for process-aware
information systems. An overview of the usage of metrics in business process
modeling and execution can be found in [82]. General quality metrics for process models build upon classical object-oriented metrics [54], relate to the static
complexity of the model during design-time, or the dynamic complexity of the
program during run-time [55].
Quality characteristics of processes can often be interpreted, and hence measured, in different ways. In our case, this particularly applies for the quality
characteristics of installability, adaptability, and replaceability9 .
Installability, for instance, can also be viewed as the question whether a set
of applications can be installed next to each other on the same machine [83].
Component-, or package-based software systems, such as most Linux distributions, are built from package repositories. Software that is installed into the
system might require several other packages in particular versions to be installed as well. These package versions can conflict with the versions required by
other software, resulting in a failure of the installation. This contrasts the ISO
definition of installability, which we build on here. Nevertheless, the contrasting
definition of installability is also covered in the ISO quality model, although it
is denoted as a different quality characteristic, co-existence [5], there.
Deployability of an application can also be considered as the complexity of
its deployment into a network of computers. Here, the complexity of deployment
relates to the amount of nodes in the network on which an application has
to be deployed to function properly [84]. In this definition, the complexity of
9

As replaceability and its relation to similarity has been discussed as part of the
literature review in Sect. 3.4, we omit the repetition of this discussion here.

deploying the application on a single host is not considered. Our point of view on
deployability is different here. We do not consider the network-wide deployment
of an application, but instead the complexity of deploying it on a single host.
This view is more fine-grained, but orthogonal to a network-wide deployment
and our framework could be combined with such an approach.
Finally, adaptability is used in a different meaning in several other subject
areas. In autonomous systems, adaptability refers to the ability of the system to
automatically cope with changing situations, such as an increased load, at runtime [60]. Another definition of adaptability can be found in adapter synthesis.
There, adaptability refers to whether an adapter for a pair of services can be
created [85].

5

Summary and Conclusion

In this chapter, we provided an overview on the topic of process portability.
We first demonstrated that a problem of process portability exists for today’s
process-aware information systems. Thereafter, we described how the problem
can be tackled through methods of software measurement and continuous inspection, given metrics for portability are available. Following this, we elaborated on
our measurement framework and proposed metrics for quantifying portability,
with the subcharacteristics of direct portability, installability, adaptability, and
replaceability. Though still under development, this framework provides a holistic quantification of portability and, in combination with measurement tools, has
the potential to contribute to process portability in the long term. For instance,
a process-aware information system can leverage measurement and inspection
tools to intelligently control the deployment of a process on a suitable engine.
Several directions of future work follow. The metrics to be used for quantifying the subcharacteristics of adaptability and replaceability still remain open
and suitable ones need to be determined. Further testing and refinement of existing metrics would also be useful. Especially in the areas of direct portability
and installability only little work is available and the definition of more metrics
and their comparison would be valuable. Moreover, it would be helpful to aggregate metric values for different subcharacteristics to an overall quality indicator
for portability. This can be achieved using requirements prioritization methods,
such as the analytical hierarchy process [86]. Another area of future work is effort
prediction. It would be valuable for practitioners if the effort of porting processes
could be estimated upfront. Most effort prediction models estimate effort based
on the complexity of the software in terms of lines of code. Our metrics are
similar to those approaches, since most of them are based on process elements,
a notion similar to lines of code. Therefore, it can be expected that there is a
relation between effort and our metric values. Nevertheless, an empirical study
would be required to determine this relationship.
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Bamberg, Bamberger Beiträge zur Wirtschaftsinformatik und Angewandten Informatik, no. 90, July 2012, technical report.
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