
Pattern-Based Engineering of Systems-of-Systems
for Process Execution Support

Albert Fleischmann1, Werner Schmidt2(✉), Christian Stary3,
and Christian Fichtenbauer4

1 Interaktiv Expert, Pfaffenhofen, Germany
Albert.fleischmann@interatkiv.expert

2 Technische Hochschule Ingolstadt, Ingolstadt, Germany
Werner.schmidt@thi.de

3 Johannes Kepler University, Linz, Austria
Christian.stary@jku.at

4 C-FC, Mortsel, Belgium
Fichtenbauer@icloud.com

Abstract. Globalization and digital transformation increasingly drives agility
requirements of business processes, hand-in-hand with execution support by
highly flexible, interactive and distributed socio-technical systems. The design of
such systems spans the conceptual level of business process models and the
implementation level with regard to the organizational environment (assignment
of tasks to units/people) and the IT environment (assignment of tasks to applica‐
tions or services). The organizational and IT environment are often quite heter‐
ogeneous, particularly in large, globally operating organizations. The latter may
also face specific regulations in different countries, which impacts the way of
doing business there. As a consequence, multiple business process variants are
developed, both with respect to the organization of work, and IT support.
However, such a business reality limits the desirable homogeneity of solutions.
It rather requires design concepts allowing for technical and organizational flex‐
ibility while keeping mutual coherence. We present ideas for a pattern-based
concept ensuring both. It combines System of Systems (SoS) thinking and Subject
oriented BPM (S-BPM).
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1 Introduction

Globally operating enterprises are doing business in many countries. While following
the same objective, like selling cars, operations at different locations usually vary
depending on the organizational environment, he IT support for accomplishing tasks,
and other factors, e.g., legal regulations.

Business Process Management (BPM) is a widely accepted approach to align
different operational aspects. It comprises several activities like process discovery,
design, implementation and execution. One way to capture the different business reali‐
ties is to identify process variants embedded in a specific target environment.
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Thereby, tasks specified in a process model are assigned to units/members of the organ‐
ization and their IT support is realized by integrating existing with newly implemented
applications and services.

The result is a set of Locally Executable Business Processes (LEBP), being consid‐
ered as combinations of work procedure descriptions (process models) and their embed‐
ding into the local organization and IT infrastructure.

This perspective in many ways refers to the notion of System of Systems (SoS) as
‘a set or arrangement of systems that results when independent and useful systems are
integrated into a larger system that delivers unique capabilities’ [16]. As systems of
systems in the mentioned context can be seen:

• the overall structural organization as the sum of all local, subsidiary parts of the
organization, in the end representing the human resources (e.g., departments, teams,
places, people)

• the overall process organization as the sum of (partial) process models
• the overall IT infrastructure as the sum of all distributed IT resources, which can be

integrated in order to support operation (e.g., workflow engines, enterprise resource
planning systems, enterprise content management systems, enterprise service bus
etc.)

• the overall operational business system of the enterprise as the sum of all LEBPs,
representing the enterprise architecture. Each LEBP itself can also be seen as an SoS,
as a whole providing a particular solution for running the respective business process.

The major challenge for practical use is to effectively and efficiently design and
maintain those systems of systems. Here some of the characteristics of SoS come into
play as there are operational and managerial independence of elements, evolutionary
development, emergent behavior and geographic distribution. The exchange of
messages and the agreements upon their content facilitate the interconnection and inter‐
operability of the SoS parts. They are a prerequisite for the contribution of the single,
autonomous systems to the achievement of higher-level goals, like jointly accomplishing
business process instances, as well as for emergent behavior of the SoS. The independ‐
ence of the single systems and their lose coupling to a SoS allow changing, replacing
and adding pieces without affecting other parts. This is exactly what agile behavior of
an enterprise requires.

Following the System of Systems notion we present a pattern-based process frame‐
work for specifying building blocks of highly flexible yet consistent and coherent
process execution support systems. This is of particular interest not only for engineering
internal but also cross-enterprise systems-of-systems, e.g., along supply chains or
networks. The framework is based on the subject-oriented approach to Business Process
Management (S-BPM), which puts the communication of active entities and their indi‐
vidual behavior in a business process in the center of interest. This perspective on work
procedure level finds its analogy on IT level with the concept of communicating micro‐
services, which, however, is not part of this paper.

The remainder of the article is structured as follows: After this introduction we look
at related work. In Sect. 3 we present our concept for a Subject-oriented Process System
of Systems, before we conclude in Sect. 4.
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2 Related Work

Subject-Oriented Business Process Management (S-BPM). S-BPM is a communi‐
cation-oriented paradigm focusing on subjects as acting parties in business processes
(people, systems) [7]. These parties are loosely coupled and synchronize their work on
the common goal of executing process instances by exchanging messages. Each subject
has a behavior defining the work procedure to accomplish its contribution to the process
result. Subject representatives can model subject behaviors independently as long as the
messages (interfaces) remain untouched or are agreed upon newly. This behavior encap‐
sulation allows highly flexible self-organization, with the communication structure
assuring overall coordination. It also facilitates exchanging behavior descriptions
without affecting other parts of the process model. On the implementation level the
notion of subjects decouples their occurrence in a process model from people or systems
executing their behavior at runtime. This feature fosters implementation and execution
flexibility, e.g., identical process activities can be performed by different organizational
units and supported by different IT solutions at various locations (e.g., headquarter and
subsidiaries).

Systems of Systems. [3] in their recent report introduce ‘platform’ to abstract from
concrete elements, such as vehicles, in a universe of discourse depending on a certain
context. A ‘platform architecture’, consequently, ‘may reflect the separation of payload
from platform’ (p. 3). Extending the traditional notion of industry platform they identify
a SoS platform as provider of ‘common information models (semantics) and common
communication mechanism (ibid.) It may also prescribe patterns or sequences of inter‐
action for certain SoS functions’ (ibid.). In analogy to that understanding, S-BPM as a
SoS platform supports interoperation among systems, as its subject diagrams scope
business-relevant information models that can be shared and mutually interact based on
a common communication mechanism, namely exchanging messages.

With respect to designing an SoS architecture from scratch [3] identified top-down
decomposition as one way to accomplish interoperability. Their empirical findings indi‐
cate that developers recognize the claim for architectural ‘purity’ which cannot be
achieved in a straightforward way. As a consequence not all systems of SoS are change‐
able. In those cases, rather than rethinking modularity based on a common communi‐
cation mechanism, only interfaces can be managed. From DoD’s SoS experience, the
developers concluded the focus of design should be on runtime with an integrator for
the infrastructure and the constituent systems. They warn from the effort to integrate
differently architected systems for autonomous operations to collaborate without a
common information exchange pattern (p. 15f.)

[8] recognized decomposition and bottom-up construction to be complementary
along spiral development of SoS, as it reflects the dynamics of accomplishing change.
In addition, constituent systems of SoS should be self-aware, at least on the goal level,
in order to meet challenges on a level of single systems (cf. [2]). Explicit representation
of goals could help to adjust a system in operation during build time in the sense of
identifying a ‘best fit’ for each component handling a global task before actually
executing a SoS. However, such a perspective needs revisiting Requirements
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Engineering and the embodiment of fundamental SoS categories, such as directness,
acknowledged objectives, collaboration, and virtuality with respect to control (cf. [14]).

Recognizing the resulting need of structured tool support [4] have developed
COMPASS aiming for collaborative SoS development (see also [10]). In that context,
they came up with a modeling language representing the particularities of SoS. However,
they were focusing on abstract SoS modeling concepts rather than a particular execution
logic controlling SoS behavior, as e.g., the hypergraph approach for constraint satisfac‐
tion [11].

The COMPASS language abstracts from SoS as a collection of constituent systems.
They are specified by SoS behavior which is very likely to be incomplete (as emergence
hinders capturing all cases). However, in line with S-BPM, each constituent system has

• to have a specification of its behavior relevant to the SoS
• to provide sufficient state information to allow the constituent system to be verified

and executed
• to represent a consistent abstraction of the specification, however, its internal state

need not be exactly the same as the actual system specification
• to have a specification, that is completely independent of the overall SoS. If it is not

possible to create such a specification, then it may not be a system in its own right.

In order to capture operation of SoS, a SoS model should include an infrastructure
specification, modelled as constituent systems. ‘These parts of the overall specification
are used to either bind the component systems into the SoS, or to provide a bit of extra
functionality beyond what is provided by any of the constituent systems. Full specifi‐
cations of these constituent systems must be provided in detail to all members of the
SoS’ [4, p. 452].

From a managerial perspective, SoS projects benefit from a layered approach to
define dynamic behavior capabilities in the course of analysis, e.g., as provided by [19].
Their Base Level addresses networked actors in terms of human agents. They utilize
information and resources to perform (project) activities. The Activity Level contains
networked activities abstracted from the actions (including interaction) of the networked
actors on the Base Level. The Process Level networks processes as aggregates of
Activity Level’s activities. Finally, the Project Level captures all emerging properties
from the network on the Process Level.

Modelling Process Variants. This topic has been investigated for quite a while.
Approaches range from the so-called fragmented- or multi-model concept to the consoli‐
dated- or single-model concept [5, 9]. However, [13] state ‘Striking a trade-off between
modelling each process variant separately versus collectively in a consolidated manner
is still an open research question.’ We do not discuss this question in more detail, but
rather resolve this issue pragmatically.
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3 Subject-Oriented Process System of Systems

3.1 Drivers for Locally Executable Business Processes

The number of various Locally Executable Business Processes necessary to cover oper‐
ation on all markets depends on the diversity of the respective environment. To identify
LBEPs we suggest a three-dimensional model, inspired by [1, 6, 12]. It comprises the
following, partially interdependent dimensions:

• Market. This dimension represents variation caused by the location where a process
is executed, and its consequences. Factors like differing legal regulation or habits can
limit standardization of business logic or let it seem not reasonable.

• Organization. Organization refers to the question of whether tasks of a process being
operated in different markets are executed by similar organizational units or roles.

• IT. The IT dimension serves to differentiate applications and services in place to
support processes at various locations.

As each dimension can comprise an arbitrary number of characteristics and therefore
can be split differently, the resulting body is a cuboid. It can be partitioned repeatedly
into sub-cuboids, all of which represent an LEBP, suitable for the particular combination
(see Fig. 1). Process variants not necessarily differ in all dimensions, allowing for stand‐
ardization with patterns wherever possible and reasonable. On the other hand, not all
combinations may actually occur, meaning there can exist empty sub-elements. Never‐
theless, the cuboid covers all enterprise operations.

Fig. 1. Dimensions of LBEPs

An example from the automotive industry shows how IT infrastructure causes
variants and LBEPs. The following scenario is about arranging an appointment for car
maintenance in a garage, which is part of the overall car service process. The way the
process works for the garage, belonging to a dealership, and the car manufacturer, mainly
depends on whether the dealership has an own Dealer Management System (DMS) or
not. Figure 2 depicts the resulting variants with the effect on the distribution of the
business logic.
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Fig. 2. Process variants

In variant 1 the customer articulates an appointment request to the dealer (1). There, an
employee there uses the DMS to manage customer data, dates etc. (2), to connect to an
application system AS 1 of the car manufacturer (3), to synchronize data, and to get access
credentials to be passed on to the customer (4). Then, the customer can access this system
via a portal (5, 6). Data in AS 1 is also maintained by the sales department on the manu‐
facturer’s side (7, 6). In this variant main parts of the business logic is represented in the
DMS, only a few steps for handling the data access are executed in AS1.

In case of variant 2 the customer either directly accesses AS1 through the portal (if
registered before) (5, 6), or the sales person at the Dealer’s does that by proxy, using a
browser (1, 2, 4). The overall business logic is different, the processes on both sides need
to be designed accordingly.
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3.2 Concept of the Process Framework

To cope with the sketched variety, the objective is to model process fragments, i.e.
subsystems, ensuring their maximal independence and interoperability, as well as
constructing largely generic patterns where these systems can be plugged in. As
mentioned in the previous sections the System of Systems philosophy and the S-BPM
approach as an SoS platform seem to provide conceptual ground for a process framework
meeting these requirements.

S-BPM considers humans and systems as subjects, having an encapsulated behavior
and exchanging messages in order to coordinate their activities. Systems in this context
can be processes, IT applications or services, robots etc. This notion allows building
SoS solutions for process execution support, both decomposing top-down and
constructing bottom-up as suggested by [3, 8], in any case consisting of elements loosely
coupled by message exchange in order to accomplish interoperability.

While decomposition splits processes from the business perspective horizontally and
vertically (hierarchically) into pieces or phases linked by messages, construction based
on behavior of distinct systems lets the communication structure evolve, when they need
to be linked in order to accomplish a (sub) process.

Any of the dimensions in Sect. 3.1 can give evidence for how to crop process parts
during initial design and when changes occur over time. They also determine whether
independent building blocks need to be modified, replaced, added etc.

Figure 3 depicts the frame of the already mentioned car service process, being
decomposed in subsystems representing phases of the overall process. Subject orienta‐
tion considers a business process to be a system of communicating entities. They produce
results that add to accomplishing the task of the overall process system. Following this
notion, each subsystem contains the involved subjects, their interaction and their indi‐
vidual behavior. Messages between subjects in different phases connect the parts loosely,
however, deliver results. Although linear with a back loop in the example, the commu‐
nication pattern can be networked. The figure also shows three variants of the ‘Arrange
Appointment’ phase, each of which can be plugged in the frame depending on their fit
to the concrete situation. The only constraint is to assure compatibility or adaptation of
the connecting messages.

The coupling by messages facilitates easy variation both horizontally regarding the
phases, and vertically over multiple levels of detail. This allows situative design of
LBEPs, where business and system architects can select or develop the variant fitting to
each phase or, within phases, the relevant subjects (i.e., their encapsulated behavior).
This is not only valid for initial design, but also for maintenance.

Architects can create patterns with identical building blocks for situations with
similar characteristics of the cuboid dimensions, and add or replace only those with
deviating facts. In our sample, variant 1 of ‘Arrange Appointment’ can be applied as a
pattern for all cases (countries, markets, etc.) where the dealership has a DMS, assuming
there are no differences with respect to the other dimensions. In cases without DMS, the
same process frame (pattern) is used, but with variant 2 another pattern is plugged in,
specifying different subjects, communication structure and behavior (see Fig. 3).
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Case-specific design and plugging building blocks into the frame on demand is a
compromise of existing ways to generate process variants, as there are behavior-based
and structural configurations [17]. The first starts with a comprehensive model covering
all known aspects. Subsequently, variants are derived by hiding and blocking model
parts. Structural configuration uses a base model and pre-specified changes (e.g., insert,
delete, move activities) to be applied at adjustment points. In case of many variants, both
approaches may cause extensive effort.

Major benefits from our concept can be expected w.r.t. reducing complexity while
increasing flexibility, due to encapsulating and loosely coupling of building blocks.
Replacing elements is possible with minimal effect on other parts, either at design time
or in the course of deployment. Such straightforward reconfiguration facilitates emer‐
gence of new behavior.

4 Conclusion and Further Research

We combined the SoS philosophy and the S-BPM approach to a concept for engineering
comprehensive yet flexible process execution support systems. The concept particularly
aims for globally acting enterprises requiring many different Locally Executable Busi‐
ness Processes.

The concept is in an early stage of development. It is currently tested, revised and
detailed in a practical setting in industry. Revisions will undergo evaluation efforts in
future. For instance, detailing processes refers to IT implementation in terms of LBEPs

Fig. 3. Process frame and variants
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using micro-services. This is a logical consequence as the presented concept is their
counterpart on the level of business process models. Micro-services as small, decoupled
pieces of software, implemented in different programming languages, and representing
certain encapsulated capabilities are correspond to the representatives of the IT dimen‐
sion of the cuboid in Fig. 1 [15]. By communicating via language-independent inter‐
faces, they allow building complex applications following a modular LBEP architecture
whose elements can easily be replaced. Strategic alignment of business process variants
(e.g., see [18]) is another topic to be investigated to see how the presented approach can
be related to business strategies.
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