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Abstract. Supervision and controlled execution of processes and parameters are 
core requirements in Digital Production. But even in rather homogeneous sys-
tems, deviation from defined workflows and even process change occur daily. 
To be able to react flexibly to changing market conditions and to respond to in-
creasing individualization of products and their adjacent processes, even more 
and ad-hoc variants have to be created and supported by production planning 
and control systems. We solve this problem by introducing a semantic process 
model, which can be executed and extended using a decentralized, message-
based system. In situations where unforeseen deviations and needs for interac-
tive intervention occur or ad-hoc input from users is needed, a generic, model-
based user interface is used to create correct interactions in such a context. Our 
contribution makes processes much more flexible and opens up a new way of 
creating correct interactions in unforeseen process contexts. 
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1   Introduction 

Complexity and flexibility are the prevalent driving forces and challenges of Euro-
pean Production Systems. Today, a production system and even a factory represent 
concepts that reach far beyond what is generally defined as an enterprise. Virtual 
factory networks and reconfigurable Production Systems demand flexibility and inter-
actions at all levels – from a single machine to complex supply webs.  

These huge Production Systems and their processes quickly become too complex 
and dynamic for the use of a fixed, standard user interface. Thus, many adaptations 
and process changes would lead to high costs for system development making user 
interfaces either simple or inadequate for the growing number of specific tasks to be 
accomplished on an interactive system that runs parts of the processes.  

In this paper, we therefore present an approach for modeling and executing proc-
esses that are: 

− interactive  (provide interactive steps, gather missing data interactively from users 
by deriving correct dialogs from the type of input needed), 
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− object-oriented (instantiated for execution, variant-enabled and using a classifica-
tion and inheritance structure) and 

− executed without central control in a decentralized peer/agent-based environment, 
i.e. process instances traveling from peer to peer. 

Digital Production Systems and even organizations as a whole become more and 
more dynamic. Virtual enterprises and dynamic supply webs in today’s turbulent 
economy are not restricted to former and formal organizational borders anymore. This 
requires to integrate data and processes crossing systems and company borders. Even 
within factories, different companies work together. This makes it necessary to sup-
port clear separation and profiles of stakeholder organizations as well as individual 
stakeholders by intelligent models and decentralized execution of processes. 

The main goal is therefore to integrate static structural models and dynamic flow 
models into a joint model for object-oriented processes in production, which allows 
users to interact with processes executed in a complex, dynamic and decentralized 
environment. (see fig. 1) 

 

Fig. 1. Overview of state of the art, challenges and approach of decentralized processes in 
Digital Production 

2   Decentralized Process Model and Execution  

2.1   The Smart Connected Control Platform SCCP 

The research project INT-MANUS has developed a communication layer to integrate 
various machines into a peer-to-peer based decentralized network infrastructure. [2]  

Processes are executed within the Smart Connected Control Platform (SCCP) using 
a semantic model for definition and interpretation of organizational structures and 
processes. A concept for message interpretation and routing as well as decentralized 
process execution and the network join mechanism of peers into a decentralized sys-
tem using a SuperNode concept is detailed in [1]. 

This decentralized platform is message-based to ensure communication even when 
direct connections are (often temporarily) not possible. Messages can be delayed 
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(queued) and are able to carry a specific payload with them. In the case of SCCP, this 
contains the model in the form of a model fragment describing the whole contents of 
the message. 

As the underlying communication paradigm and technology has already been de-
tailed in [2], we concentrate in this publication on how the process model can be par-
titioned and executed on decentralized control system structures. 

2.2   A Distributed Object-Oriented Process Model 

Actions in a production system – even in rapid reconfiguration scenarios – have to be 
based on specified processes executed to perform in a reliable, traceable and repeat-
able way. This is only possible using a process execution system based on a process 
model that describes sequences of tasks in the form of relations between actions and 
interactions of processes. 

While creative processes, for example, often do not follow a predefined process 
model, production processes and other highly defined and structured processes have 
to be executed strictly as they are described to ensure correct and repeatable results. 
This is often referred to as “achieving product quality through process quality”. Creat-
ing the same product each time with different processes would directly have an im-
pact on control of the whole system and the quality of its products. 

The implication is that processes have to be predefined and repeatable to ensure 
quality and control, while nowadays processes also need to be flexible to answer 
needs of reconfiguration and customization.  

In research carried out in INT-MANUS project and more detailed in the frame of a 
dissertation on runtime-modeling of object-oriented interactive processes in produc-
tion [3], a concept and realization for consistent use of object-oriented principles in 
process modeling and interactive execution (OMICRON) have been designed. 

OMICRON is a conceptual framework that enables decentralized modeling and 
execution of object-oriented processes. It has been implemented prototypically in the 
frame of INT-MANUS as a JAVA-based prototype system that has proven to be able 
to control production workflows and NC machines decentrally at FIDIA in Turin 
based on OMICRON model and workflow instances. 

2.3   Meta-Model-Based Runtime Adaptation 

When reconfiguration or unforeseen change happens during runtime in the workflow 
system or even during the execution of a process instance belonging to the type of 
process affected by the change, these changes have to be reflected in the process defi-
nition in order to maintain control over the process execution and prevent a deviation 
of the model from reality. This is also necessary to be able to provide the same work-
flow and context information related to a variant process V also to process instances 
of V created in the future. 

[5] and others have described the adaptations of workflow definitions after devia-
tions in single process instances have occurred. To correct the process in order to 
comply with the instance’s actual state, the process definition is changed. While this 
allows for flexible execution of process instances even if deviations occur, the process 
definition becomes non-mandatory, if deviations from the predefined processes 
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become possible. Also, older instances cannot be executed and interpreted anymore, 
because the old process scheme has been adapted. 

For this reason, we use inheritance as a powerful mechanism to incorporate 
changes in a process model without touching the basic process definition. By inheri-
tance, it is possible to create variants in the form of child process models of an inter-
active standard process. These child processes inherit from their basic process to 
which additional process steps and coherent interactions can be added. 

Each child inherits all properties (that is attributes, types and signatures) from the 
basic process. This means that an unchanged child process will be executed exactly 
the same way as the basic process, it is inheriting from, showing the same interactive 
behavior. 

Once changes are made to the child process, they overwrite the basic process in 
only the specific part changed – leaving all other parts unchanged and still executable.  

Activity A
Activity x Activity zActivity y

Activity B
Activity x Activity z

sub-inheritance sub-inheritance

Activity y’

Activity wActivity v

 

Fig. 2. Creation of a variant B of activity A by inheritance and extension 

In figure 2, Activity B is created as a child specialization of Activity A, because 
additional steps have become necessary to produce a specific variant B. This consists 
of an additional initial step v (e.g. order special material, fill in a specific quality 
form) and a parallel final activity w (e.g. perform additional quality measures, add a 
special sticker). Additionally the activity y is being modified to become y’.  

While these changes are made to B, no changes are applied to A. Because of the 
inheritance concept, B inherits all unchanged activities and fields from A – in this 
example the activities x and z. While they would be copied in usual workflow sys-
tems, in OMICRON they are inherited as “sub-inheritance”. The sub-inheritance is 
applied to all elements recursively that form a part of a component from which a vari-
ant or specialization is being created. 

The newly created process B is a subtype and specialization of process A. This 
means, in the sense of object-orientation, that everywhere a process instance of proc-
ess type A is requested, also an instance of process type B can be used. 

This is possible because B delivers at least all information that is delivered by A, 
performs at least all the steps (or specializations) of A and also consumes all input.  

While correct output and steps are already covered by the inheritance concepts, for 
input parameters, specific measures have to be taken. The reason is that specialization 
of parameters often involves a reduction of scope of atomic types and the addition of 
new elements to complex types. 

For this reason, specialized input parameter slots of B would require more than is 
delivered by parameters of type A or reject values, which would be possible with A. 
For this reason, specialized input signatures of processes can only be allowed, if they 
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are filled interactively, leading to a need for dynamic request for values at runtime. 
When additional steps are added, which require or allow for input by the user, interac-
tions can be derived from the type of information or commands needed. 

Input, process steps and output of a complex component are characterized by the 
input, steps and output of their sub-components. These interface components are also 
specified in an object-oriented manner, with the implication of being fully classified 
in the semantic model created by the component structure and the relations between 
the components. This allows for directly recognizing required input for a process. 

2.4   Distribution of the Object-Oriented Process Model 

To achieve an execution of such flexible interactive processes even in decentralized 
environments, processes can be instantiated at runtime in OMICRON. Instantiation is 
possible for each process described in the OMICRON common model. 

 This means that every process instance in a whole OMICRON system is an object-
oriented instance of its process model. It carries with it its informational context such 
as type of the process (and therefore of the instance, too), types of the sub-
components, required input, created output and relations between this and other in-
stances, e.g. triggers that initialized another process instance. 

Sharing the process model information across the whole distributed OMICRON 
system, enables all stake-holders to interpret process instances received from other 
stakeholders in the production system. 

If the next process step cannot be accomplished on the current peer, the process in-
stance is wrapped into a semantic message as model fragment on the instance layer. 
Required model fragments from the process model layer (class layer) can be injected 
into the message directly to enable execution on the remote peer, or the remote peer 
requests them to be sent in case the model information is not present on it. 

The object-oriented OMICRON model allows for a distributed extension of it by 
all authorized stakeholders. This way, variants, as described above, can be created on 
a single machine using the powerful semantic model infrastructure already present in 
the system. With the instance mechanism, it is assured that an instance of such a vari-
ant can be interpreted and executed everywhere in the system. 

3   Interactive Processes 

The demand for greater flexibility as well as for adaptability of control and monitor-
ing systems on runtime leads to situation, where user interfaces for interaction with 
processes change rapidly. This implies the necessity of user interface adaptation on 
runtime to comply with changes in the processes executed and their context. 

The scientific community in the field of HCI has experienced strong interest in 
automated, model-based and generative system in the 1990s [9]. Model-based User 
Interface generators started to create a semi-automated or even automated bridge from 
analysis and design models as used in Software Engineering and Task Modeling to 
executable software or User Interface (UI) models interpreted by User Interface Man-
agement Systems (UIMS). 
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While the Software Engineering community still discusses and uses generator con-
cepts for example in the frame of Model-Driven Architecture (MDA) and Domain 
Specific Languages (DSL), manufacturing industry has only very rarely adopted 
automated and generative models from the field of HCI. 

When it comes to the type of distributed processes described above, the frequency 
and impact of changes is too high to create fixed user interfaces for process control on 
design time of the system. Talking about rapid reconfiguration of processes with a 
high frequency, for example in Mass Customization and beyond, it is even impossible 
to rewrite or manually produce new software versions each time changes in the proc-
esses occur. 

This issue leads directly to the use of models that can be adapted to changes and 
also allow for consistent adaptations of the user interfaces that connect people and 
processes.  

The semantic process model described above, lays the foundation for providing us-
ers with interactive integration into a complex process landscape of model-based 
processes interfering with each other. As it is impossible to use pre-programmed, 
fixed user interfaces, interactions have to be created according to the actual process 
model, using generic user interface concepts triggered by the semantic model. 

3.1   Explicit Interactions 

In classical User Interface Generation interactions are often generated using descrip-
tive models. [9] provides an overview on concepts and approaches and introduces a 
flow-based model that is able to describe not only static data structures and input 
components but also interactive workflows that can be transformed into an interactive 
software. 

Explicit interactions in the semantic process model are as well described explicitly 
and classified to allow an interactive workflow engine to generate interactions from 
the descriptive model. This interaction concept is important, where specific interac-
tions have to be ensured in an executed process, for example introducing the 
four-eyes-principle, show error messages in an exceptional workflow, or entering 
parameters not available from earlier process steps or model information. 

3.2   Implicit Interactions 

In a complex and flexible production environment, semantic processes are often dy-
namically connected depending on context and situation. For example a special order 
can trigger a configuration process that is normally started from an administrative 
process, which provides all data needed. When started from the special order process, 
some parameters may be missing or unknown because of the different context of the 
process execution. It is impossible to avoid or foresee such situations in dynamic, 
model-based and decentrally controlled environments. 

When a process needs further information, it is possible to derive interactions im-
plicitly from the semantic model information available with this process. As all in-
formation processed in a workflow is classified in the model, this model information 
can be used to generate correct interactions to fill the vacant parameter slots interac-
tively. This enables the process to be executed with a complete parameter set in such 
a situation. 
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We use this concept and model information to develop a visual and interactive user 
interface for process control that uses explicit and implicit interactions for generating 
the needed interactive elements. 

4   Visual and Interactive Process Control 

In workflow modeling, for example Business Process Modeling, often models are 
used as pure graphical representation without the ability to execute and partially 
automate them. When decentralized process execution is described, the focus often 
lies on the pure automation without human involvement – with some exceptions like 
WS Human Task and BPEL4people. This leads to a gap between models of processes, 
execution of processes and interactions with these processes. 

Complex networks like decentralized and multi-stakeholder production systems, 
Virtual Enterprises or whole supply webs cannot be run automatically nor be man-
aged completely manual due to their complexity and dependencies. This kind of com-
plex system needs to provide optimized interaction with the processes executed, in-
cluding a context-based, automated execution of partial processes that are triggerd 
manually or by other processes in the decentralized control structure. 

To achieve this, visual interaction with and feedback from the processes executed 
is needed, which enables the human users to understand and control them visually 
using a dashboard-like interface. While visual control of agent-based supply webs [4], 
production systems [7] and management systems [8] has already been proposed, real-
time interaction with model-based processes dynamically executed in a decentralized 
environment goes a step further: it requires generic software that interprets complex 
semantic model infrastructures to derive the necessary interactions from them. This 
implies that the user interface has to be created dynamically on runtime, using con-
cepts from model-based user interface generation [9]. While such models and systems 
full specifications of the intended user interface are provided, interactions for an 
OMICRON environment dynamically change with the processes, specific processes 
instances and their context. This makes runtime generation from a partial semantic 
model in a decentralized agent environment a complex problem, which occurs in all 
dynamic decentralized environments, for example user interfaces for service-oriented 
architectures (SOA) [6]. 

To allow for user interface generation from the OMICRON environment, three 
model layers are defined and explained in the following: the User Information Model 
layer, the User Interface Element Model layer and the User Interface or Dashboard 
Model layer. 

The User Information Model (UIM) connects the local User Interface to the OMI-
CRON model and processes. It defines the type of information visualized or re-
quested, its structure and conditions. If for example a “latest delivery date” is to be 
selected, the UIM defines that it consists of a day, a month and a year, as well as an 
optional time in the form of hour and minute. A rule will ensure that the date entered 
is after the current date. 

Once a process instance is executed and requires a parameter which is not supplied 
to it by the caller, the OMICRON runtime system has to create an interaction to re-
quest the data from the user, e.g. the supervisor. If the interactive request is already 
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foreseen in the process, the task will be similar but may yield already more informa-
tion to the user interface system. If the contracts applicable to an order for example 
have not been given as parameters to the process, they have to be selected interac-
tively. The UIM then defines type of selection to be used, e.g. “m out of n”, and how 
the options are generated. 

For the selection of the correct interaction element to be used, the User Interface 
Element Model (UIEM) is required. It defines interaction elements and their semantic 
input and output characteristics as well as their (classified) capabilities to be used. In 
the example of selecting the applicable contracts, in the form of an open m out of n 
selection, a multi-select list box could be chosen from the UIEM using the specifica-
tion from UIM. This matching of specifications from UIM to elements of UIEM is 
done by the local user interface system. Also interconnectivity of the user interface 
elements on the complete dialog or dashboard interface is defined by the UIEM. This 
is needed to form semantic groups and relate the interaction elements to each other. 

The integration and setup of a complete user interface dashboard is accomplish by 
the interpretation of the User Interface or Dashboard Model (DM), which defines the 
setup of a dashboard using elements (E) derived from the UIEM. Each element E 
from UIEM is referenced in the DM and made available on the user interface. This 
way, the DM connects the user interface to information channels from OMICRON 
system via the UIM and assembles the elements into a dashboard profile that matches 
the requirements of the actual user. User profiles for different user roles provide spe-
cific user interfaces for different tasks associated with the user, e.g. distinguishing 
between supervisors, managers and workers. Figure 3 shows the process of generating 
a new element for interaction on the user interface. 

 

 

Fig. 3. Population of the Dashboard with User Interface Elements (E) 

5   Summary, Conclusion and Outlook 

With the OMICRON framework, we have provided a model, modeling concepts and 
runtime system able to execute variant processes type-safely and decentrally using 
object-oriented concepts. It allows for connecting machines, systems and even 
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companies with fully automatable, model-based processes. When user input is fore-
seen in the process, parameters are missing of unforeseen process contexts occur, with 
the Interactive Process concept described in this publication we additionally provide 
an approach on generating interactions from the OMICRON model. Currently we are 
creating an improved implementation for the OMICRON model, runtime and instance 
management as well as an implementation for the Interactive Process concept, which 
builds on the model and concepts of OMICRON to derive interactions from models 
explained. 

The decentralized, flexible processes described show their strength in production 
environments that are determined by a high amount of variants and a high degree of 
process automation (see fig. 4): 
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Fig. 4. Automation and flexibility: applicability of object-oriented process models (grey)  

For environments where every product is different, the application of a model-
based process framework only makes sense if two factors are prevalent: high automa-
tion requires a clear model-based and executable definition of processes, but many 
variant processes are also required for the different products. 

In fields with no process variants and a very limited number of product types, cost 
of such a complex system will often be higher than the benefit of it. In all other fields, 
especially where mass customization shows a high degree of automation, but also 
requires flexibility for customization, object-oriented processes can be of great benefit 
for flexibility and dynamic changes as well as well-defined execution and operation.  

The concept described, supports the model-based provision of interactivity, as a 
key factor for the integration of humans into a complex system landscape of global-
ized production systems and especially their distributed processes. Also, the object-
oriented distributed model provides model-based runtime system integration for the 
information layer as well as the interaction layer.  Taking this work as a basis, further 
research will be necessary to achieve fully dynamic interaction with decentralized 
processes in the field of production and beyond. 
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