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Abstract. Research in enterprise interoperability analyzes, describes,
and improves the interaction of parts of enterprise systems. Non-inter-
operability is a situation where either parts of enterprises do not work
together at all, or are fully integrated to an extend where the individual
parts may not be separated any more. To allow enterprise systems to
produce business value its parts need to be interoperable. The S-BPM
approach is analyzed with respect to contributions to support interoper-
ability in enterprise systems. Missing support is identified and require-
ments for tools are derived.
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1 Introduction

Today’s competitive business environment requires sustainable collaboration that
is based on the exchange of meaningful information and knowledge. For this
reason, interoperability between systems is considered highly relevant as any de-
gree of non-interoperability is likely to lead to problems. Systems which are not
compatible on the one hand will not allow interaction among themselves. On the
other hand, systems which are fully integrated show lower resilience due to higher
probability of overall system failure when an integrated part fails. Research in the
domain of “interoperability of systems” in general and “enterprise interoperabil-
ity” in particular is focusing on identifying and bringing down barriers where
systems or system parts are not able to interact [17,8]. The Subject-oriented
Business Management Framework and the Subject-oriented Business Modelling
Language hold the potential to support interoperability between organizations.
Existing S-BPM Tools facilitate information exchange between organizations,
humans, and technical systems.

In this paper we analyze the (potential) contributions of the S-BP Manage-
ment Framework, the S-BP Modelling Language, and existing S-BPM tools to
facilitate interoperability. We will also identify further areas of development that
are required to be considered in order to facilitate bridging interoperability gaps
using the S-BPM framework and/or tools.

The paper is organized as follows. First a framework for interoperability is
discussed which is especially tailored to the context of enterprise systems. This
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discussion is followed by, first, aligning the S-BPM Framework with the inter-
operability framework, and then aligning existing tools and prototypes with the
interoperability framework. This approach allows the identification of gaps that
are analyzed and the required further research for fully supporting interoper-
ability is discussed.

2 Interoperability Framework

The concept of interoperability of systems is of importance for sustainable de-
velopment, and is an ongoing concern for meeting the demands of sustainability.
“In today’s globally networked environment, one cannot achieve environmental,
social/ethical or economic sustainability of any artifact (be it physical or virtual,
e.g. enterprise, project, information system (IS), policy, etc.) without achieving
ubiquitous ability of the artifact and its creators and users to exchange and
understand shared information and if necessary perform processes on behalf of
each other in other words, interoperate. Thus, sustainability relies on interoper-
ability, while, conversely, interoperability as an ongoing concern relies on |...]
sustainability” [6, p.2].

In the following we discuss (enterprise) systems, followed by systems inter-
operability in general and continue later with the enterprise interoperability
framework [17,8]. The dimensions of the framework will be used for discussing
S-BPM support.

2.1 Systems Theory and Enterprise Systems

General System Theory (GST) [4] intends to support the identification of princi-
ples that are valid to different scientific disciplines. This is done using abstracting
objects to form a system. GST builds upon the notion that a system is an or-
ganization of connected parts, where each part and the overall system exhibits
some behavior. A system is placed in an environment and may have a function
and produce some outcome according to a system’s objectives [1]. The parts of
a system are themselves systems.

Enterprise Systems are organizational systems which may be observed
on different levels, ranging from humans undertaking an collaborative enter-
prise, departments of a single organization to companies being part of supply
networks [24].

2.2 Interoperability Approaches

With respect to interoperability approaches, it is important to differentiate be-
tween the integration and interoperability of systems as “integration is generally
considered to go beyond mere interoperability to involve some degree of func-
tional dependence” [19, p.731]. This functional dependence, however, implies
less flexibility and less resilience since it combines the involved systems in order
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to form a single whole [6]. Integrated systems are sensitive to failures or mod-
ifications in individual parts. Small local functional or structural changes may
impact distant parts of an integrated system in an unpredictable manner. Inter-
operability, by contrast, fosters a more loosely coupled approach, where systems
remain independent but are coordinated insofar as some collaboration is possi-
ble to take place. Functional or structural changes are less crucial as long as the
interfaces defined for collaboration are not changed.

Considering this differentiation, interacting systems may be arranged along
a continuum that goes from the compatibility to the integration of systems
(cf. Figure 1). The concept of interoperability is located in between these two
ends. Interoperability may be further distinguished in federated, unified, and
integrated interoperability. Here it is important to consider that integrated in-
teroperability and integration is not identical as interoperability merely requires
a predefined way of interaction. The separate manifestations are explained in
the following in more detail.

Compatibility According to the Oxford dictionary, the term compatible refers
to (two) things that are able to coexist without problems or conflict!. Two
compatible systems therefore do not interfere with each other’s functioning,
but might not be able to collaborate with each other so as to, for example,
exchange information [19)].

Interoperability Interoperability lies in the middle of not interoperable (com-
patible) and fully integrated [8]. Different approaches (federate, unified, and
integrated) describe the characteristics of interoperability with respect to
the extent of a standardized format available for interaction.

Federated approach Interoperability is established “on the fly” meaning
that neither interfaces nor a common formats on a meta-level exist that
enable the collaboration of systems. Involved systems are required to
identify and adapt to requirements during runtime [8].

Unified approach A common format exists but merely describes the in-
teraction of systems on a meta-level. Diverging concepts are mapped on
a semantical level that allows the translation between multiple systems.
This approach might encounter some loss of information as the systems’
individual needs are not able to be represented directly.

Integrated approach There is a common format which is used by all in-
volved parties. The individual parties, however, are not integrated them-

! http://oxforddictionaries.com/definition/english/compatible
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selves but exist independent of each other. Only the interface is standard-
ized according to the aligned systems.

Integrated system Integration refers to systems that are combined with each
other to form a single whole?. As a consequence, the modification of one
part will have direct effect on other parts. Malfunction of one (sub)system
will lead to a breakdown of the entire system with a higher probability than
with loosely coupled systems being interoperable.

2.3 Enterprise Interoperability

Enterprise Interoperability may not be considered as unidimensional in terms of
underlying issues, but rather involves a problem space composed of two dimen-
sions that are orthogonally aligned to each other [5]. The first dimension is con-
cerned with interoperability barriers that obstruct the collaboration of enterprise
systems with respect to their conceptual, technological, as well as organizational
disparities. The second dimension addresses the fact that the collaboration can
take place at various different levels within an enterprise including data, service,
process, and business concerns. The consideration of both dimensions as orthog-
onal matrix therefore allows to view the different barriers from the perspectives
of the separate concerns and vice versa (cf. Figure 2). For instance, conceptual
barriers are relevant as such but require to be considered from the viewpoints
of the separate concerns separately. The same principle applies to the inter-
operability concerns, as for example the service level might involve conceptual,
technological, as well as organizational interoperability barriers. A more detailed
discourse on the problems space and exemplary samples to the separate points
of intersection of barriers and concerns are given later in this section.

The third dimension incorporates interoperability approaches and forms, to-
gether with the other two dimensions, the solution space (cf. Figure 2). The
intersection of all three dimensions therefore gives a set of solutions that en-
counters interoperability barriers considering a given concern.

2.4 Enterprise Interoperability Barriers

The interoperability of enterprise systems presumes their ability to communi-
cate information that is mutually understood. In this regard, systems encounter
different challenges that range from a consistent way of representing relevant in-
formation (information problems) to transmission principles (machine problems)
and organizational aspects (human problems) as for instance access priviledges.
A classification by means of conceptual, technological, and organizational barri-
ers is specified in the following [5].

— Conceptual Barriers. Conceptual barriers emerge once the information to be
exchanged among enterprise systems is represented in different ways. Con-
sensus upon the syntactic representation of information as well as semantic

2 http://oxforddictionaries.com/definition/english/
integrate?q=integrability’25255C#integrate 14
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Fig. 2. Dimensions of Enterprise Interoperability [23]

concepts used in this context therefore is crucial in order to achieve con-
ceptual interoperability. UEML [21], for example, provides an approach to
align diverging enterprise models by allowing to map their different syntaxes
in use. Differences on a semantic level are possible to be tackled by using
ontologies.

Technological Barriers. As the collaboration of enterprise systems requires
their communication and the exchange of information, technological barriers
are crucial to be considered so as to achieve interoperability. In this case,
not the representation of information is addressed but the way of how this
information is processed and finally distributed among enterprise systems.
Typical barriers are, for example, different IT architectures & platforms,
operating systems, encodings, transmission protocols, and standards. In spite
of the attempt of standardization, technological barriers still exists as for
instance different versions of a standard or protocol are incompatible with
each other.

Organizational Barriers. As compared to conceptual and technological barri-
ers, organizational barriers are less technical oriented but address disparities
in organizational structures and management techniques of collaborating
enterprises. It is for example crucial to consider differences in implemented
responsibility and authority concepts that govern who is responsible for what
(e.g., data, service, etc.) and who is authorized to perform which tasks (cre-
ate, modify, and maintain data, processes, etc.).



8 G. Weichhart and D. Wachholder

2.5 Enterprise Interoperability Concerns

In order to achieve interoperability among enterprise systems it is not sufficient
to consider the abovementioned barriers only. Orthogonal to these barriers, in-
teroperability concerns are crucial since they describe where interoperability
actually takes places. Chen [5] therefore distinguishes between interoperability
concerns on a data, service, process, and business level.

— Data. The interoperability of data, both analog and digital, plays an im-
portant part in the context of collaborating enterprise systems. It not only
facilitates the mere exchange of data (technological barriers) but also the
comprehensibility in terms of its representation (conceptual barriers) as well
as its handling on an organizational level (organizational barriers). Thus, the
existence of diverse data structures, query languages, right up to incompat-
ible security and permission policies might negatively affect the interoper-
ability on a data level. The ability of systems to collaborate on a data level
provides the basis for the remaining concerns.

— Service. The interoperability of service addresses the proficiency of enterprise
systems to collaborate with each other on a functional level. In this context,
the term service is understood in a more broader sense with respect to any
function that is provided by the collaborating partners within an enterprise.
It is therefore not limited to just the technical part of, for instance, a service-
oriented system architecture. Challenges so as to achieve interoperability
arise once services are described differently (conceptual barriers), exhibit
different granularities (technological barriers), or underlie diverging policies
as related to the management of services (organizational barriers).

— Process. A process defines the arrangement of separate services (functions)
that in collaboration serve a common business need. Typically, an orga-
nization has several of such processes in place which are described using
(different) process description languages. Process interoperability intends to
eliminate barriers that emerge when composing processes in order to per-
form verification, simulation, and execution tasks collaboratively. Diverging
syntactical and semantical constructs (conceptual barriers), process behav-
iors (technological barriers), and business process behaviors (organizational
barriers) are typical examples that obstruct the collaboration of enterprises
on this level.

— Business. The interoperability of business describes organizations that have
a mutual understanding of how business is performed. It refers to an aligned
mode of operation among organizations where diverging constructs related
to business issues are negotiated and mapped among each other. Barriers
to interoperability of business might range from diverse visions and strate-
gies (conceptual barriers) and different support by means of ICT infrastruc-
ture (technological barriers) to issues as related to incompatible organization
structures and decision-making processes (organizational barriers).
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2.6 Problem Space of Enterprise Interoperability

Ducq et al. give a more detailed discourse on the problem space of interoperabil-
ity barriers and concerns in their paper by attributing non-exclusive examples to
each point of intersection [7]. Table 1 summarizes these findings. Interoperabil-
ity barriers are given in the columns and interoperability concerns are in rows
respectively.

Table 1. Problem Space of Enterprise Interoperability [7]

W Conceptual Technological Organizational
Concerns

Business Visions, strategies and IT requirement fulfil- Methods of work;
culture; Business ment; Degree of com- Organization  struc-
semantics;  Business puterization ture; Legislation
syntax

Process Process semantics; Process behavior Business process
Process syntax; Pro- behavior;
cess content

Service Service semantics; Ser- Service granularity Service management
vice syntax; Service
content

Data Data semantics; Data Exchange format Classified information;
syntax; Data content Information ownership

In addition to the two orthogonally aligned dimensions of interoperability
barriers and concerns, the timing of the envisioned solution is of relevance when
seeking to support the creation of such an solution. Solution timings refer to the
circumstances when interoperability problems are tackled. A-priori solutions are
approaches that allow to anticipate problems and to overcome barriers before
systems are build. A-posteriori solutions are approaches that allow to identify
and correct problems after they occur in the running system [16].

3 S-BPM

The acronym “S-BPM” is used for [11]:

— Subject-oriented Business Process Management Framework,
— Subject-oriented Business Process Modeling Language, and
— Subject-oriented Business Process Modeling Activity.

For the discussion on the support of interoperability, these manifestations will
be distinguished. The Management Framework defines a set of activity bundles
(or phases) for organizational development and business process management.
These activity bundles are typically “carried out along a feedback control cy-
cle composed out of the phases: analysis, modeling, validation, optimization,
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Fig. 3. S-BP Management Framework Activity Bundles

organization-specific implementation, IT-implementation, monitoring” [11, p.30]
(cf. Figure 3). S-BP Modeling thereby is considered as an integral part of these
phases. However, modeling is only one activity within the framework which (nat-
urally) has a larger scope.

3.1 S-BPM Framework Contributions to Interoperability

In the following discussion we will focus on contributions of the Subject-oriented
Management Framework [11] to interoperability. This is done, by using the inter-
operability framework described above. Support by the Management Framework
and S-BPM Tools in general will be identified and mapped to the problem space
of interoperability. Subject-oriented Business Process Modeling will be used to
refer to the activity of modeling and not the modeling environment neither the
modeling language itself.

Conceptual Barriers. The following list shows S-BPM Framework support
for interoperability concerns regarding conceptual barriers. As mentioned above,
conceptual interoperability refers very much to the semantics and syntax of the
different concerns (cf. Table 2).

— Conceptual/Business. Per-se no support for (e.g. cross-organizational) busi-
ness interoperability on conceptual level is given directly.
However, S-BPM Framework distinguishes multiple types of stakeholders
which are addressed explicitly and collaboratively work on conceptual inter-
operability on business level may be realized indirectly through the work of
these stakeholders.

— Conceptual/Process. The analysis and modeling activities require stakehold-
ers and actors (the process participants) to provide coherent models of their
tasks. By using a common language (S-BPM) conceptual interoperability is
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facilitated. Validation activities check the process and might uncover con-
ceptual process interoperability problems.

— Conceptual/Service. During the validation phase, stakeholders are in charge
of checking processes, to see if these realize the desired service. This im-
plies that in S-BPM the service is realized through the underlying processes.
Service execution may additionally be monitored through Key Performance
Indicators. Establishing key performance indicators in the company, pro-
vide additional conceptualizations in terms of what is important, and how
performance is measured [11].

— Conceptual/Data. No explicit support for overcoming data syntax and se-
mantics issues is provided by the framework. However, data issues are ad-
dressed to a limited extend in the IT-Implementation phase of S-BPM.

Technological Barriers. The following list shows S-BPM Framework sup-
port for interoperability concerns regarding technological barriers. Interoper-
ability with respect to technology is addressed mainly in S-BPM Framework’s
IT-Implementation phase.

— Technological/Business. Using the framework will result in models that de-
scribe manual and automated tasks. Interoperability issues by technology in
business will be addressed when applying the framework.

— Technological/Process. Explicit process models help to communicate an ex-
change information about processes. The IT-Implementation phase will re-
sult in technological support for processes.

— Technological /Service. No explicit support for determining or providing tech-
nical services (eg. web services) is given by S-BPM. In S-BPM software ser-
vices may be called from within subject’s states but the framework leaves
this to be supported by tools.

— Technological/Data. No explicit support for modeling Business Objects is
provided by the S-BPM framework. It leaves this to be supported by tools.

Organizational Barriers. The following list shows S-BPM Framework support
for interoperability concerns regarding organizational barriers:

— Organizational/Business. Organizational structures are not part of the S-BP
Models per-se. To some limited extend organizational structures are mapped
using “Subject carrier groups” [11] to implement functional roles in S-BPM.
Support for organizational change (management) and cross- organizational
business issues is missing.

— Organizational/Process. S-BPM models do make processes transparent by
definition.

— Organizational/Service. Service management has to be described in separate
S-BPM models. The monitoring phase facilitates management of the quality
with which a service is provided [11].

— Organizational/Data. Organizational management of data is not explicitly
supported by S-BPM.
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3.2 Tool Contributions to Interoperability

In addition to the above support by the S-BPM framework, a number of tools
exist, which provide support, also for interoperability However, for this discus-
sion we do not constrain the discussion to the commercially available tools (e.g.,
Metasonic Suite®) or features, but also include research prototypes. These pro-
totypes may be stand-alone or used in conjunction with the suite.

Conceptual Barriers. The following list shows S-BPM Tool support for in-
teroperability concerns regarding the conceptual barrier:

— Conceptual/Business. Bastarz and Halek are using the smart tool with the
smartdsense2act [2] to facilitate conceptual clarification of business systems.

— Conceptual/Process. Metasonic Build and Proof as S-BPM design system
and process validation system respectively, facilitate the clarification of pro-
cess related concepts.

— Conceptual/Service. As services (from the S-BPM point of view) are com-
posed of processes, the clarification of processes (see above) leads to clar-
ification of services. Metasonic Touch which is based on Comprehand [18]
facilitates the articulation work of all process participants in order to clarify
the work to be done.

— Conceptual/Data. No support for clarification of a Business Object’s seman-
tics and content is available today.

Table 2. S-BPM Framework Support for Interoperability in the Problem Space

w Conceptual Technological Organizational
Concerns

Business All Framework Activi-
ties

Process Analysis, Modeling, IT- and Organiza- All Framework Activi-
Validation Framework tion Implementation ties
Activities Framework Activities

Service Validation Framework Monitoring Frame-
Activity work Activity

Data

Technological Barriers. The following list shows S-BPM Tool support for
interoperability concerns regarding the technological barrier. Since S-BPM fo-
cuses on the modeling and implementation of workflows, any S-BPM execution
(workflow) engine supports technical interoperability through an integration in-
teroperability approach.

3 http://www.metasonic.de/metasonic-suite
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— Technological/Business. In the IT-Implementation phase of the S-BPM
Framework, the computerization of business processes is realized. The con-
figuration of the workflows will clarify the interface between different tools
and human operators on a technology level.

— Technological/Process. Metasonic Build and Proof facilitate interoperability
of processes with respect to technology through an “integrated interoper-
ability” approach (see above) [11].

— Technological /Service. Technical Services like web services may be integrated
in S-BPM workflows using refinements in Metasonic Flow.

— Technological/Data. Any S-BPM workflow engine may be used as middle layer
for establishing interoperability of external tools. By including external data
sources in the business process some interoperability between software systems
through federation using the process may be realized. This means, that as soon
as conceptual/data interoperability is realized, the S-BPM Tools allow to map
data to business objects and facilitate data flows from and to other tools.

Organizational Barriers. The following list shows S-BPM Tool support for
interoperability concerns regarding organizational barriers:

— Organizational/Business. No direct tool support is currently available.

— Organizational/Process. The S-BPM design tools naturally support clarifica-

tion of interaction within processes. Metasonic Touch and Comprehand [18]
facilitate the communication and articulation of work related information
between process participants beyond pure modeling and design of processes.
A research prototype developed in the project JCPEX! [15] enables dynamic
routing of business objects to different actors of the same role. The research
project results have demonstrated the feasibility of this approach across com-
panies. JCPEX! facilitates standardized interfaces for cross-organizational
processes.
Another research prototype demonstrates the possibility of flexible BPM
by making use of ad-hoc process deviations [20]. This allows to maintain
interoperability besides changed requirements and allow implementation of
process agility [12].

— Organizational/Service. KPT management featured in Metasonic Suite, sup-
ports monitoring and management of services [11] through supporting the
development of performance indicators that clarify goals of a service.

— Organizational/Data. No direct support for rights and permissions of access
to business objects is given.

3.3 Missing Support

So far, we have analyzed and brought together two existing frameworks. Subject-
oriented Business Process Management Framework and existing S-BPM tools
and research prototypes do provide support for interoperability in the context
of the Enterprise Interoperability Framework. However, as S-BPM has not been
designed to address interoperability issues explicitly, a few gaps exist.
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Table 3. S-BPM Tool Support for Interoperability in the Problem Space

Barriers . o
W Conceptual Technological Organizational
Concerns

Business smart4sense2act S-BPM Design Tools
Process S-BPM  Design and S-BPM Design and Metasonic Touch,
Execution Tools Execution Tools Comprehand, S-BPM
Design Tool, jCPEX!,
Ad-hoc Deviations
Service Metasonic Touch, S-BPM Execution KPI Management Tool
Comprehand Tool
Data S-BPM Execution

Tool as Enterprise Bus

Table 4 shows existing support for enterprise interoperability by the S-BPM
framework [11], existing tools, and research prototypes respectively [3,15,20,11].
In this table also the solution approach category (integrated, unified, federated)
is given. However, the borders between the categories are blurry.

Business Concern: smartdsense2act allows to negotiate a common abstract pic-
ture of the business context of processes. — The application of the S-BPM
framework provides a common ground for aligning manual and technical tasks.

Process Concern: Using the S-BPM framework and the Tools allow the in-
tegration of process related concepts. — For technological barriers support
for integration is also provided. — A number of tools exist that allow to
overcome organizational barriers by integrating different processes. Tools
like Comprehand facilitate the negotiaton of processes among process par-
ticipants. Metasonic Touch makes use of a common language and hence
facilitates unification.

Service Concern: The framework provides through the S-BPM notation a uni-
fied language that allows to specify service descriptions. Metasonic Touch
and Comprehand allow to negotiate the processes that realise a service. —
The uses of the execution environment integrates the different services (ser-
vices as finer granular process parts). It also allows to provide integrated
processes that realise a service. — S-BPM provides a common language to
overcome organizational interoperability on service level. Through the use of
KPIs the service’s outcome and output might be specified in depth.

Data Concern: The S-BPM tools allow to integrate other software systems
allowing to exchange data between systems along processes.

It has to be noticed that there is some minor conceptual disagreement between
the interoperability framework and S-BPM. In the later, a service is defined by
processes which result in delivering value to a customer, the former is more
vague in its definition of service. However, the former conceptualization leans
toward defining a process as alignment and structuring multiple (more fine-
grained) services. For this discussion, however, this disagreement does not lead
to interoperability problems between the two frameworks.
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Table 4. S-BPM Support for Interoperability in the Problem Space

W Conceptual Technological Organizational
Concerns

Business smart4sense2act? Framework (All
Activities)?
S-BPM Design Tools?
Process Framework (Anal- Framework Framework
ysis, Model- (IT-, Organization (Al Activities)®
ing,Validation) ! Implementation) . Metasonic Touch?,
S-BPM Design and S-BPM  Design and Comprehand?,
Execution Tools* Execution Tools* S-BPM Design Tool',
jCPEX!, Ad-hoc
Deviations®
Service Framework S-BPM Execution Framework
(Validation)? Tool (Monitoring)?
Metasonic Touch?, KPI Management
Comprehand?® Tool?
Data S-BPM Execution
Tool as Enterprise
Bus!

1...integrated; 2 ... unified; 3 ... federated;

For any interoperability support that attempts to fill the gaps, two modes
of operation have to be considered. A-priori support facilitates the clarification
of interoperability issues during design-time of systems. A-posteriori support
enables negotiation and agreement on appropriate steps of involved parties after
an interoperability issue has emerged.

Better support by S-BPM framework and tools is required for overcoming the
following barriers:

— Organizational/Data. “The structures for assigning rights to data (different
rights for different partners); Differences in which an information is to be
regarded as classified with respect to the collaboration partner” [8, p.850].
With respect to organizational networking and interoperability on the level
of data, trust management, security, and legal issues require further research
[22]. This is especially true when considering trust transitivity and deter-
mining how to handle permissions once information is passed from one actor
to the next which, in turn, further passes the data to another actor. A trans-
parent approach is needed which supports individual actors and applications
to not (incidentally) pass classified information to actors who are not autho-
rized to access that data.

— Conceptual/Data. “Coverage, i.e. content, of the respective data representa-
tion; Heterogeneous data format and structure; Data meaning disagreements”
[8, p.850]. Interoperability support for conceptual data interoperability is also
a topic of ongoing research. There are ontology and semantic web approaches
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(e.g., based on OWL-S) [22] for a-priori mapping of different data types
and fields.

— Organizational/Business. “The legislative requirements that influence dif-
ferent actors; How enterprises are organized on a high level; High level dif-
ferences regarding how work is performed in the organizations” [8, p.850].
While business process approaches offer some possibility to overcome organi-
zational issues on process level, a needed high-level overview of organizational
differences requires more specific support.

In all cases above, when considering dynamic environments and a-posteriori sup-
port the challenge gets even greater. In the case of a need for action because of
interoperability issues in running business situations, content and communica-
tion needs to be intertwined to support a negotiation of resolution strategies.
The dynamics of business needs to be respected by empowering users to act
flexible in situations. An organizational learning environment, which facilitates
data and knowledge exchange across companies would foster organizational in-
teroperability through supporting communication, negotiation, and providing an
organizational memory for interoperability [25].

For example, the SUddEN environment [25] facilitates interoperability on
supply-network level, by making use of key performance indicators (KPI) and
supporting the collaborative developments of a network-wide performance mea-
surement system (PMS). However, with respect to the enterprise interoperability
framework, this environment misses support on process and data concern level.

An organizational learning environment to support interoperability meeting
all concerns, needs, in addition to an organizational point of view, an actor spe-
cific view (not only in order to follow the logic of S-BPM). In the actor point of
view, it must be assumed that knowledge is distributed within the company or
even across companies. This naturally leads to situations where it is not possi-
ble to establish a global (over-)view [11]. In order to keep workflow participants
(to a large extend) autonomous (but interoperable), advanced support for orga-
nizational interoperability is needed on business level. Users may change their
processes if required (by them). Giving this freedom is a potential source of non-
interoperability and hence comes with great responsibility. The approach to be
researched has to enable users to study the impact of changing their behaviors
autonomously. A potential technology to do so, but which is not put into use
with S-BPM, is agent-based simulation [26,9]. Here autonomous software com-
ponents (called agents) represent users. For facilitating learning in this context,
the agents would be assigned multiple subject-roles [10]. This allows independent
interaction of users with a virtual environment which is build on actual process
models. Users are enabled to explore the impact of changing a behaviour by
allowing individuals to change a subject-behaviour-diagram, and then run an
agent-based simulation of the organization in order to identify the impact of the
(proposed) changes to other users. Multi-agent simulation has already shown to
be useful for planning in distributed environments and providing a high-level
overview of supply networks [14].
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For making the above described environment useful for a-posteriori organiza-
tional interoperability, support for technological interoperability has to be build-
in. The technical interoperability needs to address two different, independent
aspects. Making existing S-BPM tools interoperable on technical level with the
environment allows to extend the learning environment. Comprehand [18] for ex-
ample, enables knowledge transfer between users on a conceptual level. This tool
supports interoperability required in a learning environment for interoperability.
The second aspect is to make the learning environment’s agents interoperable
with existing systems for supporting the agent’s decision making during sim-
ulation. The first technical interoperability extends the learning environment
with other tools to facilitate learning organizational interoperability, the second
enables to access information required for decision making during learning.

4 Conclusions

S-BPM, although a process management framework, promises to support inter-
operability, especially in contrast to integration. Other process frameworks like
ARIS [13] aim at providing a global “world-view” based on a global control flow,
where IT, actors, and organizational tasks are parts of a fully integrated system.
S-BPM uses a different approach as it puts the individual actor in the center of
the organizational models [10]. S-BPM assumes independent agents interacting
and communicating with each other.

S-BPM does deliver a communication and subject oriented view where process
participants are loosly connected through the exchange of business objects and
messages. This provides some freedom for the participants, who may optimize
their individual task structures. This freedom is a source of non-interoperability
and hence requires some additional collaborative effort to support overcoming
interoperability barriers.

Overall we have identified three larger areas where the S-BPM Framework
should be extended to deliver a full approach to support enterprise interoper-
ability.

— Trust and security needs to be handled for interoperability, especially when
considering multiple involved systems which share data.

— Interoperability concerning the enterprise’s business requires support, while
maintaining S-BPM’s autonomous agents world-view.

— Interoperability concerning the data level for different I'T systems is currently
under developed.

Based on existing works [23,24,14,25], we have additionally described an ap-
proach to foster interoperability supporting a-posteriori exploration and learning
with respect to organizational interoperability. That approach will make use of
agent technology in order to stay close to the S-BPM logic.
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