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With the specification of effective and efficient processes, the foundation for their
implementation has been laid. Following these preparatory activities, we now deal
with the implementation of process specifications in an execution environment and
the handling of process instances in live operation. The implementation of a process
specification as an executable process comprises the activity bundles organizational
implementation, IT implementation and operation including monitoring. Figure 7.1
shows the classification of these activities in the process management model.

Based on reflections on the documentation of elaborated process specifications,
the following sections present selected methods for the activity bundles organiza-
tional and IT implementation, as well as for operating and monitoring of processes.

The activities of the process management model provide the conceptual frame-
work for the implementation of business processes in a working system. As already
discussed in previous chapters, the activity bundles represent a certain standard
classification criterion, but they can be performed in any order. Each of the phases
contains a bundle of activities that are typical for accomplishing the respective tasks.
Every business process is in a certain phase at any particular point in time - or in
other words, in a certain state: either being modeled, put into effect, executed, or
analyzed. The life cycle model thus defines a phase or state space for business
processes.

7.1 Process Documentation

Since an organization’s or company's business processes define how products and
services are developed, manufactured and delivered, it is useful to document these
processes in a structured way. Documentation should be made centrally available to
all employees. It must be available at the beginning of the implementation activities
at the latest. Business process documentation is the result of activity bundles during
preparation measures.
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Nowadays, digital documents serve as the standard for documentation. Ideally,
the provision of these documents takes place by means of a generally available
intranet, with which a basic access control can also be designed. The documents
themselves can be, for example, PDF files that cannot be easily changed (possibly
also digitally signed), or HTML files that can be viewed via a browser.

For smaller organizations and companies, it is usually sufficient to use existing
office software for creating and maintaining process documentation. For more
extensive collections, the use of specific software, so-called Business Process
Management Systems (BPMS), appears to be worth considering. In any case, the
chosen form needs to support its users and the management systems based on it in
the best possible way. The documents should also contain a unique identifier, a
version number and a date. In case a word processor is used, a style sheet is
recommended in order to achieve a uniform appearance and uniformly defined
structures. In addition, a list with all documents including their history is
recommended to provide a general overview.

The process owner or process coordinator is responsible for ensuring that process
documentation is up-to-date and complete. The process office specifies what the
process documentation should contain and provides appropriate templates and
explanations. In case a dedicated IT system (BPMS) is to be used, respective training
of all employees - depending on their role - is strongly recommended. In the sense of
change management, the employees should also be involved in the selection or
development procedure in an adequate form.

Figure 7.1: Classification of implementation activities in the process management model
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Roughly speaking, the following content for a process documentation has proved
to be useful, although not all items are relevant for every business process and
additional items might be added where needed:

Aim of the process - a short descriptive text explaining the relationship of the
process to overall business objectives (strategic contribution).

Trigger of the process - specifies which event starts a process instance and who can
generate this event.

Input - a list with descriptions of the information, documents, and physical artifacts
needed as input, including who provides it.

Output - a list with descriptions of the information, documents and physical artifacts
generated by the process; possibly also quality criteria per customer.

Area of validity and organizational determining factors - if necessary, delimita-
tion to other business processes, or organizational restriction (for example, only
valid for the business area key accounts).

Definition of terms and abbreviations - abbreviations used in the document; Tip: If
these are also consolidated in a company-wide directory, a glossary of the most
important terms in a company, as well as uniform definitions in all process
documentation, is obtained.

Overview description of the process model – a textual representation of the actors/
roles and the process steps.

Process model - a (visual) representation created in an agreed modeling language;
there should be uniform rules for the creation of process models to avoid
uncontrolled growth (e.g., regarding colors and labelling of notation elements).

Technical determining factors - a list and description of technical tools required in
the process; representation of IT support or dependencies; e.g., references to
certain modules of an ERP system.

Feedback mechanisms – a description of how process participants can articulate
problems during execution, e.g., incorrect or insufficiently modeled logic, or
make suggestions for improvement. This should be a standard procedure
implemented in Business Process Management.

Exceptions - possible exceptions from the process model, that is, activities that are
not taken into account in the process model, since associated cases only occur
rarely.

Interfaces to other processes - a representation of which other business processes
require the output of a specific process, thus defining the customer of the process
or his expectations.

Process Performance Indicators (PPIs) – a list, definition and explanation of the
planned Process Performance Indicators.

Performance measurements - a representation of how and when the performance
indicators are to be measured and calculated, including references to other
associated available documents.

Reporting – a representation of how and at what point in time Process Performance
Indicators are reported and to whom, including references to other associated
available documents.
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Escalations - a definition of procedures to be started as soon as the tolerance range of
performance indicators is violated.

Audits and compliance – a reference to appropriate guidelines. If individual
activities are included in a business process for reasons of compliance, they
should be documented in order to ensure that they are not eliminated as part of
an efficiency optimization. It is advisable to highlight such activities in color in a
visual representation. Furthermore, it has proven helpful in practice to document
(in tabular form) in which business processes compliance with specific standards
and legal regulations is necessary. Similar considerations apply to external
requirements of compliance, e.g., quality standards, which have an impact on
internal compliance issues, such as risk analyses and internal audits.

7.2 Linking Elements of the Enterprise Architecture

7.2.1 Overview

As mentioned in chapters 1 and 2, business processes are part of the enterprise
architecture. Enterprise architectures address the internal aspects and structures of a
company. They are essentially models of the internal structure of a company and
cover not only organizational but also technical aspects, in particular the deployed IT
infrastructure. When implementing the process models, it is now necessary to
establish the relationship between the process model and the available resources.
Figure 7.2 shows the individual steps from a process model to the executable process
instance.

In a process model, the actors, the actions, their sequences and the objects
manipulated by the actions are described. Actions (activities) can be performed by
humans, software systems, physical systems or a combination of these basic types of
actors. We call them the task holders. For example, a software system can automati-
cally perform the "tax rate calculation" action, while a person uses a software
program to perform the "order entry" activity. The person enters the order data via
a screen mask. The software checks the entered data for plausibility and saves
it. However, activities can also be carried out purely manually, for example when
a warehouse worker receives a picking order on paper, executes it, marks it as
executed on the order form and returns it to the warehouse manager.

When creating a process model, it is often not yet known which types of actors
execute which actions. Therefore, it can be useful to abstract from said model when
starting to describe processes by introducing abstract actors. A modeling language
should allow the use of such abstractions. This means that when defining the process
logic, no assertion should have to be made about what type of actor is realized. In
S-BPM, the subjects represent abstract actors. In BPMN, pools or swim lanes can be
interpreted as abstract actors, while in EPCs roles can be used for this purpose.

In the description of the control logic of a process, the individual activities are
also described independently of their implementation. For example, for the action
"create a picking order" it is not specified whether a human actor fills in a paper form

226 7 Realization

https://doi.org/10.1007/978-3-030-38300-8_1
https://doi.org/10.1007/978-3-030-38300-8_2


Fi
g
ur
e
7.
2:

F
ro
m

pr
oc
es
s
m
od

el
to

pr
oc
es
s
ex
ec
ut
io
n

7.2 Linking Elements of the Enterprise Architecture 227



or a screen mask, or whether a software system generates this form automatically.
Thus, with activities the means by which something happens is not described, but
rather only what happens.

The means are of course related to the implementation type of the actor. As soon
as it has been defined which types of actors are assigned to the individual actions, the
manner of realization of an activity has also been defined. In addition, the logical or
physical object on which an action is executed also needs to be determined. Logical
objects are data structures whose data is manipulated by activities. Paper forms
represent a mixture between logical and physical objects, while a workpiece on
which the 'deburring' action takes place is a purely physical object. Therefore, there
is a close relationship between the type of task holder, the actions and the associated
objects actors manipulate or use when performing actions.

A process model can be used in different areas of an organization. The process
logic is applied unchanged in the respective areas. However, it may be necessary to
implement the individual actors and actions differently. Thus, in one environment
certain actions could be performed by humans and in another the same actions could
be performed by software systems. In the following, we refer to such different
environments of use for a process model as context. Hence, for a process model,
varying contexts can exist, in which there are different realization types for actors
and actions.

In BPMN, the modeler can define for each task separately whether it is a so-called
human task, service task or user task. User tasks are performed by humans together
with software systems, such as filling out a picking order on the screen. This means
that the description of the implementation type in BPMN is part of the process logic.
Since in BPMN pools and swim lanes can be interpreted as actors, care must be taken
that no contradictions arise with the implementation type of tasks within, for
example, a pool. For instance, in case the designer specifies that a pool is only
executed by humans, this pool cannot contain any service or user tasks. Since the
definition of the implementation type is part of the process logic in BPMN, it may be
necessary to create a separate process model for each context.

In S-BPM, actors are not assigned to individual activities, but rather the actor type
is assigned to an entire subject. In S-BPM, this assignment is not part of the process
logic, but is done instead for each process in a separate two-column table. The left
column contains the subject name and the right column the implementation type. If
there are several contexts for a process model, a separate assignment table is created
for each of them.

The assignment of the implementation type forms the transition between the
process logic and its implementation. Subsequently, it has to be defined which
persons, software systems and physical systems represent the actors and how the
individual actions are concretely realized. These aspects are described in detail in the
following subsections.
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7.2.2 People and Organizations

For each context in which people are involved it is necessary to determine the
respective action (activity) holders, and thus the concrete persons or organizational
units that carry out the actions.

In companies and administrations there are people with different educations,
qualifications, preferences, and interests. There are merchants, developers,
craftsmen, etc. who will take care of the arising tasks. Organizations can therefore
also be described as structured resource pools. Depending on the type and scope of
the tasks, an organization forms units in which the respective specialists are com-
bined. There are purchasing departments with procurement experts, or development
departments that are made up of several development engineers and other specialists.
The relationship between the persons and organizations in the organizational struc-
ture and the abstract actors in the processes can be established statically or
dynamically.

Static Assignment
In the simplest case, the two-column table already mentioned provides information
on which actor defined in the process (column 1) is assigned to which person
(column 2). The second column can also contain an organization or organizational
unit. Then, all its members are assigned to the abstract actor. Such a specification
ensures that in case of illness or vacation any person from the organization can take
over the arising tasks of the process. In addition, the workload can also be distributed
dynamically if actions from several process flows (process instances) have to be
handled.

With BPMN, pools, swim lanes and individual actions can be assigned separately
to an actor. It is important to ensure that there are no inconsistencies when using all
assignment options. If a software system executes a swim lane as an actor and there
is a human task in this swim lane, it is not clear what this means. Actors were
therefore introduced in Bonitasoft's BPMN-based tool (see [1]). They are
placeholders for task holders, to whom, similar to the subjects in subject-orientation,
concrete actors are assigned.

In S-BPM, a complete subject is embedded into the organization, i.e., the assign-
ment then applies to all actions of this subject.

Dynamic Assignment
In many processes, the assignment of the actors of a process to persons and
organizational units cannot be determined statically. For a business trip application,
the person handling the request can depend on whether the trip is domestic or
international. While the process logic may be the same in both cases, the executor
may differ, for example because an employee has special expertise in international
travel with visa issues.

In such cases, it makes sense to first determine and assign the persons or
organizational units involved during execution of the process logic, for example,
depending on data values in business objects (in this case, the travel request).
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For a flexible dynamic assignment of physical actors, tables are usually no longer
sufficient, but instead programming language constructs are necessary. [2] shows
how such a language can be used to embed subject-oriented Process Models into
organizations. Since in BPMN the assignment of actors is possible via pools, lanes
and tasks, the description of the assignment is very complex here. Various BPMN-
based tools such as Bonita [1] or Activiti [3, 4] integrate processes into the organi-
zation by programming this in Java or XML.

7.2.3 Physical Infrastructure

Particularly in manufacturing processes, physical systems are involved as actors. In
this way, blanks can be delivered to a machine via a transport system, the machine
processes the blanks, and the processed parts are then transported to the next
processing step. If such a machine is regarded as a subject or pool, the delivered
parts are modeled as messages to be received and the dispatched processed parts as
messages to be sent. The modeler represents the processing step as a single task in a
subject or pool.

7.2.4 IT Infrastructure

Digitalization in an economic system means implementing processes with the most
comprehensive support possible through software systems. In corresponding
scenarios, computer systems or machines carry out the activities for the most part;
human intervention is reduced as far as possible and sensible. Essential aspects
thereby are:

• The control of the process flow:
The sequence of actions described in the process (control flow) are automati-

cally controlled by computer programs.
• The execution of actions

Actions on data objects can often be performed fully automatically by appro-
priate computer programs.

Software systems are the means to merge the different types of actors. For
example, during the control of the process flow, a process engine integrates human
and machine operators at runtime in the processing of instances, according to the
individual situation.

The following explanations deal with the control of the process flow and the
manipulation of the associated business objects by Information Technology,
although without going into detail about the integration of humans or physical
systems as task holders. This will be covered in section 7.2.5.
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Control Flow
The process logic corresponds to the control flow logic of a computer program. The
exclusive automated execution of the process logic by a computer program is only
possible for highly structured processes. All conceivable process possibilities must
be covered. No human intervention is planned. To avoid that the computer
program’s execution logic differs from the described process logic, it is useful if
the computer program can be automatically derived from the description of the
process logic. The following prerequisites must be met for such cases:

• The syntax and semantics of the language in which the process logic is described
must be precisely defined.

• The description of the process flow must be available in electronic form.
• An implementation program must be available that reads the electronic form of

the description of the process logic and generates a computer program in a
suitable programming language, based on the precise semantics of the process
description language.

The importance of distributed systems, which are already widely used today,
continues to grow with the development of cloud and edge computing. This can
mean that parts of a fully automated process are executed on different computer
nodes of a distributed system. Since these can be based on different technologies,
appropriate variants may have to be available for the automatic conversion of a
process description into a computer program.

Thus, individual subjects of an S-BPM description of a process can run on
different computer nodes of a distributed system. This can mean that the program
code might need to be generated separately for each subject. This can, however, be
avoided if the generated target code is available on preferably all the node types of
the distributed system, and the target system has a framework through which the
program parts running on different nodes can work together. The software
components usually synchronize their collaboration by exchanging messages.
Such an enabling programming language is, e.g., Java with the AKKA framework.
It allows messages to be exchanged across computer boundaries. [5] has investigated
this possibility on the basis of S-BPM models.

In BPMN, individual pools can be executed theoretically on different computer
nodes. This requires that communication between the pools is possible across
computer boundaries. A search for possibilities of a corresponding code generation
tool for BPMN models in spring 2018 brought no results.

Activities and Data
In fully digitalized processes, computer systems also perform the activities contained
in the process flow. This can be done using functions or services that are already
available in existing application programs and can be inserted or called at the
appropriate places in the program that implements the process control flow.
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For the integration of newly developed software for activities, technologies such
as web services, REST interfaces, or simple APIs are often used. Database access for
direct manipulation of data can be integrated analogously depending on the
interfaces of the database systems used.

When using S-BPM, data belongs to a subject. Multiple subjects are not allowed
to access shared data. If several subjects want to use the same data, e.g., stored in a
database, it has to be 'packed' into a subject. This subject receives the corresponding
requests from other subjects, performs the desired action, and sends the result back to
the requesting subject.

In software technology, activities together with their data are called classes.
Several such classes can be combined to form services. In IT, this is then called a
Service-oriented Architecture. The services are invoked according to the control
flow of the process. Tasks in BPMN can be realized through services. Similarly,
functions can be implemented within a subject in this way.

Microservices [6] are a current concept for structuring software systems.
Microservices describe an architecture in which individual small functional building
blocks are independently programmed, tested, approved and made available on
different technical platforms on demand. Through their interaction by means of
interfaces which are independent of the programming language, complex application
software can be realized. In doing so, microservices usually communicate by
exchanging asynchronous messages. This also corresponds to the concept of Reac-
tive Programming [7], whose main characteristic is the coupling of program blocks
by asynchronous messages.

In BPMN, pools can be implemented as microservices if all tasks in a pool are
executed by the same actor.

In S-BPM, subjects are always assigned to a task holder and communicate via the
asynchronous exchange of messages. Therefore, a process described in a subject-
oriented format corresponds, in view of IT architecture, to a microservice-oriented
structure that meets the requirements of Reactive Programming.

7.2.5 Combinations of Task Holders

Tasks are often not performed by a single type of task holder. With the increase of
digitalization, the number of tasks performed exclusively by humans is decreasing
continuously. Today, a warehouse worker often receives his picking orders via a
tablet connected to an IT system. After he has assembled the goods, he also confirms
task completion via the tablet. This action closes the commissioning task. The IT
system updates the data and automatically triggers the subsequent task, such as
preparing the shipping documents. The picking task is therefore carried out by
humans and IT as types of task holders, a combination that is very common in
business processes. The IT controls at least the process logic and manages the data
while people enter data or operate machines.

Machines controlled by small computers with corresponding software are
increasingly replacing machines as purely mechanical actors. These embedded
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systems control the mechanics and handle communication with other machines or
higher-level business applications. Communication with other intelligent machines
is referred to as horizontal communication, and with business applications as vertical
communication. The latter links production systems with business processes and is
an integral part of the Industry 4.0 initiative.

The following sections describe in more detail how the various task holders are
integrated when implementing a process logic.

Combination of Humans with IT
The combination of people and IT in the execution of business processes is the core
of their digitalization. The IT at least takes over the control of the process logic,
i.e., it arranges the handling of the intended tasks by the respective task holders
according to the process logic. In addition, tasks can be carried out directly by IT as
task holders without the need to involve people. If a task can only be completed with
human support, the software responsible for the control flow prompts the responsible
human task holder via an appropriate user interface. This may concern not only the
input of data, but also the confirmation that the user has executed a manual action.

IT systems as control software and as actors for activities usually also store the
data generated during process execution, both the content of business objects, as well
as metadata, such as time stamps for the start and end of instances and execution
steps.

A comprehensive platform for implementing business processes executed by
people and IT solutions is called a Workflow Management System (WFMS). The
Workflow Management Coalition (WfMC) has developed a reference model for this
purpose. Figure 7.3 shows the components and interfaces of the reference model [8].

The interfaces between the individual components are defined as follows:

Figure 7.3: Reference model for Workflow Management Systems (WFMS) [8]

7.2 Linking Elements of the Enterprise Architecture 233



• Process definition (Interface 1)
Interface between process definition, modeling tools, and the workflow engine

(execution environment).
• User interface (Interface 2)

APIs for clients to request services from the workflow engine so that process
progress and actions can be controlled.

• Application interface (Interface 3)
APIs that allow the workflow engine to call and use applications.

• Workflow Management System interface (Interface 4)
Standard interface for exchanging data with other workflow systems.

• Administration and monitoring (Interface 5)
Interface for tools for process control and monitoring.

The essential components in the reference system of the WfMC are the workflow
enactment service and the workflow engine. The actions and their sequence are
defined in the process definition and controlled by the workflow engine.

In a company usually several instances of a business process run simultaneously.
A process instance is created when the execution of a business process is triggered
by an event defined for this purpose. Process instances follow uniform process
descriptions but are executed independently of each other.

For example, two different customers can place an order. Each of these individual
customer orders creates an independent instance of the business process "order
processing".

The workflow enactment system uses workflow engines to manage the individual
instances. A workflow engine provides the execution environment for a workflow
instance.

Its main tasks are:

• Integration of the instance into the organizational environment
• Interpretation of the process definition
• Control of the process instances
• Navigation between sequential or parallel process activities
• Interpretation of process data
• Identification of user interfaces
• Linking of the system to other programs/application systems
• Linking of the system to other workflow systems
• Superordinate control function

A workflow enactment service is a service that starts, manages and executes one
or more workflow engines. Workflow systems use application interfaces to access
the functions of application systems that perform tasks defined in a process.

A worklist handler is a component that involves users in a process. It can be part
of a Workflow Management System or defined and programmed by a workflow
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expert. Through the worklist handler the involved actors know which tasks they have
to perform in which process instance.

Workflow functions can be embedded in other common applications, such as an
e-mail program, so that users have a uniform user interface when handling process
instances. For such an integration, there must be a communication mechanism
between the workflow enactment service and the other applications.

The reference architecture also provides an interface for administration and
monitoring. The software connected there serves to monitor the simultaneous exe-
cution of different instances of several business processes. On the one hand, this
monitoring refers to the functional level of the processing of business cases, for
example with the recording and evaluation of response and processing times (see
section 7.3.3). On the other hand, the IT systems used must be monitored at the
technical level, for example, with regard to load and malfunctioning behavior.

Most workflow systems currently available on the market only support orchestra-
tion, i.e., a single control flow of tasks. For BPMN, this means a workflow system
can only execute the functions in a single pool. If several pools are used in a BPMN-
based process description, a separate workflow engine is required for each pool.
These workflow engines must then as a rule be connected by programming via
Interface 4. Especially if a process should be executed on a distributed infrastructure,
such structures can become complex and cost-intensive, as many software vendors
charge license fees for each installed instance of the workflow engine. This increases
not only technical complexity but also the costs.

Subject-oriented process descriptions are process choreographies, i.e., the
subjects are independently executed in parallel, without central control for all
subjects. To coordinate their individual activities, the subjects exchange messages
asynchronously. An execution environment for subject-oriented defined processes is
therefore, strictly speaking, a so-called multi-workflow system. Each subject
corresponds to an orchestration performed by its own workflow system. The asyn-
chronous exchange of messages between several workflow systems is realized in
Business Subject-oriented Process Management using the input pool concept. A
number of multi-workflow systems have been developed for S-BPM (see [9]).

Combination of Physical Devices and IT: Cyber Physical Systems
In a process, actors can also be machines that perform tasks in a purely mechanically
or electrically controlled way, and fully automated without human intervention.

Machine control is carried out mechanically, electromechanically or, in the case
of the embedded systems already mentioned, increasingly by computer and software
systems. Sensors monitor the physical condition of the machine and ambient
conditions, and actuators such as servomotors, switches, controllers, etc. intervene
with the operation of the machine. The control software largely determines what
happens on and at intelligent machines and defines their vertical and horizontal
communication with other systems.

Machines communicate with each other not only by exchanging data, but also by
forwarding and receiving physical artifacts. The message "workpiece to be
deburred" can be realized by automatically transporting a workpiece from a metal-
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cutting production machine to a machine that deburrs edges. At the same time, the
deburring machine can receive additional messages that contain a more detailed
description of the workpiece and specify the type of deburring.

Combinations of physical and Information Technology components are referred
to as Cyber Physical Systems (CPS). Since they bring together production and
business processes, they are of particular importance for Industry 4.0 applications.

In BPMN, the modeler can model a task executed by a combination of humans
and IT as a service task and describe an intelligent machine as a separate process in a
pool. If there is a corresponding number of machines working together in a complex
manufacturing situation, the use of numerous pools in BPMN can lead to represen-
tation problems. The reason lies in the horizontal arrangement of the pools: In case of
a larger number, the message edges inevitably have to cross pools, which can be
confusing. In S-BPM, on the other hand, a machine is always modeled as a subject,
since the decision as to which type of task holder will execute the subject is first
made in the implementation stage.

If a physical task holder is used in a process, there cannot be an arbitrary number
of parallel instances of this process. A physical unit cannot be split logically, as is
possible with IT or human actors.

Combination of Humans, Physical Devices, and IT
There are also scenarios in which people carry out certain tasks when intelligent
machines are used. For example, a machine receives the workpiece via a transport
system together with the associated information as a message, e.g., contained in a
RFID device. Together the machine and an operator carry out the intended tasks in
accordance with the information contained in the RFID device. The operator
confirms the completion of his work via a user interface. The workpiece is then
dispatched and the updated accompanying information is transmitted to the other
parties involved.

In such situations, the aim is to reduce the share of human labor and replace it
with more sophisticated mechanics or improved embedded systems. This does not
necessarily mean that changes to the process logic are required.

7.3 Execution and Monitoring

7.3.1 Putting the Process Into Operation

After the definition of task holders and the implementation of the activities, the
process has to be put into operation.

To this end, the task holders must be prepared by setting up the physical and IT
infrastructure and by training the human task holders. IT-based task holders are
loaded with the respective programs and the mechanics of machines are configured
accordingly.

During the go-live phase, it is important to establish the link with other processes.
In a company, processes are integrated into a coherent network of processes. There
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should be no isolated processes. If, for example, a new process for shipping
preparation is introduced, it needs to be linked to the order acceptance process.
With communication-oriented process descriptions, this is done simply by exchang-
ing messages. Another possibility is shared data, i.e., processes write data required
by other processes into a shared database.

After the preparatory work, the process should be tested as an overall construct.
An advantage would be a test environment that represents a realistic image of the
operational environment. However, for cost reasons this is often not possible.

Irrespective of that, it is advisable to introduce the process step by step. It is an
advantage if a process is described and implemented as a loosely coupled system of
communicating task holders. The individual strands of action for the actors can be
put into operation step by step. Since they are only loosely coupled to each other
through asynchronous message exchange, other task holders can be initially
simulated easily. With BPMN, pool by pool is thus put into operation. However, if
the pools are very complex and include several swim lanes, the go-live phase is also
complex. When using S-BPM, a system can be built by gradually adding the
individual subjects and their behavior.

If modelers do not use several pools in BPMN, i.e., they define and implement a
process exclusively in a control flow-oriented way, it can only be put into operation
as a whole.

In the case of choreographies, i.e., when using subjects or several pools, the
process can be executed, even though, for example, one pool contains software
which is still faulty.

The messages sent to this pool can alternatively be received and worked on by
people, and the result sent back by them as a message. The other pools recognize the
described logic and flow (i.e., the observable behavior), although it is not yet
implemented in its final form.

7.3.2 Process Instances

The actual execution of a process is referred to as a process instance. A process
instance is created when the start event occurs. This can be a call from a customer
who wants to order a product. In this case, a telephone salesperson explicitly creates
an instance by starting the digital ordering process and entering the necessary data.
When ordering in an online shop, the customer enters the order data himself and
creates an instance as soon as he confirms the purchase. In both cases, an instance
then runs through the processing steps and positions defined in the process logic.

Since a company normally has several purchase orders at any particular point in
time, several independent process instances, which are in different processing stages,
exist at the same time. Employees of a company are usually involved in several
process instances and carry out the tasks assigned to them in these instances. They
allocate, so to speak, a time slot of their working time to each process instance. This
happens analogously with IT systems. The capacity of both the human resources and
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the IT systems can thus be divided into time slots in order to process several
instances of the same process, or different processes.

This cannot be readily done with physical or cyber-physical systems. Such a
system can only be involved in one instance at a time. A machine cannot be
instantiated several times, it is only available once. Only after a machine has
completely finished a task or task sequence in a process instance, can it work for
another process instance. A physical system is therefore assigned to exactly one
process instance at a particular point in time. This fact is important when processes
that can be easily instantiated because they do not contain physical task holders are
linked to processes that contain physical components.

A manufacturing system almost entirely consists of physical or cyber-physical
task holders. A process running in such a system is instantiated just once and exists
as an instance until the whole production environment is switched off. A physical
task holder cannot work in a time slot for a process instance 1, then do something for
a process 2, and then continue working on process instance 1. The actions of a
physical task holder for different process instances would not be independent of each
other. If, for example, a valve for process instance 1 is to be half opened and then
fully opened for process instance 2, the valve is of course also fully opened for
process instance 1, which should not happen.

If a machine is assigned to a task in BPMN and the assigned pool can be
instantiated several times, the machine must always be assigned to a single instance
at runtime. The machine must always know which instance it is working for, in order
to retrieve the correct data from the memory common to all instances, and then take
the work piece to be processed out of the work piece container.

When using S-BPM, the machine is assigned to the corresponding subject. The
latter receives the work piece and the accompanying data as a message. The data also
contains an identification of the associated higher-level process instance, usually the
order number. With this, the machine knows for which process instance it is now
working. The message by which a machine declares its work finished is transmitted
to a subject instance of the triggering process instance.

7.3.3 Monitoring

In day-to-day business, process participants execute business processes according to
the modeled design in the environment created during organizational and IT imple-
mentation, and consisting of personnel and technical resources.

Each business transaction runs in this execution environment as an instance.
Transaction systems such as Enterprise Resource Planning (ERP) applications or
workflow engines record the behavior of the instances in the form of entries in a log
file (event log, audit log). A log data record contains, among other things, a unique
instance identifier, a partial step identifier and time stamps for the start and end. This
results in raw data for the calculation of Process Performance Indicators (PPIs).

Reliable management information based on such key indicators is the prerequisite
for continuous adaptation of process design with respect to increasing the degree of

238 7 Realization



target achievement. The periodic ex post facto evaluation of a large number of
instances over longer periods of time such as weeks, months, quarters, etc. primarily
serves to identify structural improvement potential, for example with regard to
scheduled personnel deployment, process logic, or the degree of IT coverage. This
traditional monitoring and reporting follows the concept of Business Intelligence
with the principle 'store and analyze' and the methods of data and process mining.
The resulting changes are primarily of a medium- and long-term nature.

In order to meet the increasing real-time requirements, traditional process moni-
toring is supplemented by Business Activity Monitoring (BAM), which evaluates
event-driven data almost in real time, reports results promptly, and thus enables
short-term, instance-related measures [10]. An example is the prioritized processing
of an ordering instance of an “A” customer once the system recognizes and reports
that it lags behind the usual processing progress at a measuring point, and therefore
the promised delivery date cannot be met (predictive analysis). BAM uses the
concept of Complex Event Processing (CEP) with the principle 'stream and analyze'
and stream mining methods. This means that the system constantly searches for
patterns of complex events in the stream of recorded individual events (e.g., set time
stamps, passed measuring points), which only become relevant for certain purposes
by linking the individual events.

A typical example is the recording of two transactions with the same credit card in
Hamburg and New York. These simple single events (low level events) are
registered in the event stream as normal events. The CEP system only combines
them into a complex event if both transactions take place within a short period of
time, in this example about 3 hours. In this case, an event pattern of geographical
distance and time frame would lead to classification as a complex event of "assumed
credit card fraud".

Business activity monitoring is intended to monitor a large number of data
sources permanently and simultaneously. Event data generators include applications
that execute process instances (e.g., ERP, CRM, workflow engines), and which
provide other information from inside or outside the enterprise, such as surrounding
conditions, weather and traffic data. Increasingly, this also includes (sensor) data
produced by smart phones and devices that are part of the Internet of Things. BAM
analyzes and aggregates the flood of data using defined rules and transmits the
results to entitled and interested recipients.

Figure 7.4 juxtaposes traditional and Business Activity Monitoring. The activities
listed in the left column serve as attributes for comparison [11].

The timing and type of exploitation of the recorded/registered data depend on the
design of the monitoring and reporting according to the user requirements. Utilizing
the pull principle, the user can retrieve the desired evaluation at any time. According
to the push principle the system generates evaluations on a time-controlled basis,
e.g., daily, weekly, monthly, quarterly at specified times, and informs the predefined
recipient group accordingly. If limits or tolerance thresholds of Process Performance
Indicators of individual instances are exceeded at runtime, alarm messages can also
be transmitted by push to those responsible, or other processes can be started, e.g., an
extensive escalation procedure with corrective measures for the case in question.

7.3 Execution and Monitoring 239



Management cockpits containing dashboards dominate for the presentation of
evaluation results. These usually include representations in the form of tachometers,
traffic lights and bar or pie charts. For space-saving displays with high information
density, word graphics such as spark lines or bullet graphs are also used.

Examples of evaluations and their presentation are:

• Lead time of running and completed instances. The status is expressed in traffic
light colors, depending on the deviation from defined target values or tolerance
ranges (see Fig. 7.5).

• Lead time of a running instance (absolute value and comparison with average),
chronological sequence and duration of individual steps for each process partici-
pant (cf., Fig. 7.6).

• Sequence of process steps of a running instance with time stamps for the comple-
tion of a step, i.e., for the transition from one state to the next (see Fig. 7.7).

• Number of instances of a process per time unit, minimum, average and maximum
processing time per process participant and step (see Fig. 7.8).

Figure 7.4: Properties of Traditional and Business Activity Monitoring
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7.3.4 Process Mining

Process mining is a special form of evaluating process data. Log files are thereby
used to extract process-related information from the transaction data of central IT
systems (e.g., ERP, CRM and SCM), and thus visually reconstruct and analyze the
actual process flow. This allows insights to be gained into the actual behavior of
executed process instances [12]. Hence, process mining concepts and tools deliver
valuable information for analysis and continuous improvement of processes (see
section 1.3.5). The most common and frequently analyzed business processes are
purchasing, sales, accounts payable and accounts receivable, as well as ticketing
systems (e.g., in IT service management).

An event log contains sequentially recorded events (trace) with attributes such as
case ID, activity, timestamp, resource, and business objects (data elements).
Depending on the process, additional information can be added, such as the name
of a customer or vendor, order quantity and value, delivery quantity, etc. Figure 7.9
shows an extract of an example of an event log.

Combining such protocol data for process execution with process models allows
identifying three essential types of process mining approaches [12]:

• Discovery: Algorithms reconstruct the actual process flow and its manifold
variants from the log data (without additional information). This allows the

Figure 7.7: Instance report (current processing status)
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formal description of processes that are already in day-to-day operation ('lived')
but not yet documented.

• Conformance: Algorithms compare an existing, valid process model with the
actual process as it is derived from the log data. Any discrepancies that are
detected can provide clues for optimization and uncover abuse or violations of
compliance rules.

• Enhancement: In this case, existing models are adapted to the observed reality of
process execution (repair) or further aspects, such as duration, are added to the
model (extension).

In particular, the conformance check should be carried out as part of Business
Activity Monitoring during the runtime of instances, in order to promptly detect
violations and mitigate their consequences, e.g., stopping a bank transfer in the event
of irregularities in the release of payments.

The following example is taken from the process mining tool provided by Celonis
SE (www.celonis.com). It shows selected mining results for an ordering process
(purchase to pay) that is handled by an ERP system. The analysis of the associated
event log for a given period has produced the following information (see
Figure 7.10):

Figure 7.9: Extract from event log (Image taken with permission of Celonis SE (www.celonis.
com))
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• 279,020 instances of the process with a net order value of €539,180,072
• 107,688 instances followed the normal process flow (happy path), starting with

the creation of a purchase requisition and ending with the posting of the invoice
(see CaseID 10002 in Fig. 7.9). The average lead time is 27 days. Process variant
1 covers 39% of all instances; in addition there are 527 other variants.

If the scope is expanded to include the seven most frequently occurring process
variants, 83% of all instances are covered. The process graph now also shows the
seven paths with the corresponding frequencies (see Fig. 7.11). Alternatively, the
average duration of paths and state transitions can be displayed. With regard to the
process flow, it can be seen that a considerable number of instances (18,938) begins
with the scan of the invoice and only then is an order created in the system (see
CaseID 10003 in Fig. 7.9). This is an indication of so-called maverick buying,
i.e., departments procure something without prior involvement of the purchasing
department. In a next step, this usually undesirable process behavior can be specifi-
cally investigated in order to eliminate its root causes.

With the display of complementing information, processes can be examined in
greater depth. Figure 7.12, for example, provides information on the number of order
instances distributed over months with the respective values as well as their distri-
bution among suppliers (Fig. 7.12).

The presented analyses cover only a small part of the extensive capabilities of the
Celonis environment. In addition to the default evaluations provided by the system,
users can define their own evaluation scheme on the basis of their individual data
models by using a large number of existing analysis components, such as various
diagram types, Process Performance Indicators, and OLAP tables. Furthermore, the
software allows executing individualized process evaluations with the help of the
Process Query Language (PQL).

Additional functions allow, for example, the comparison of the actual process
flow with the one intended in the model (conformance check), or the parallel
visualization and thus the comparison of different behaviors of the same process,
e.g., in two branch offices (benchmarking).

The future of process mining lies in the combination of process analysis with
intelligent algorithms. For example, the Celonis Proactive Insights Engine
(Pi) integrates machine learning and Artificial Intelligence techniques, enabling
automated identification of process weaknesses and their causes for users [13]. Build-
ing on this information, the user can retrieve intelligent recommendations for process
improvements.

Given the described features, process mining plays an important role in the
context of Robotic Process Automation (RPA), in particular when it comes to
assessing RPA potential of processes and developing respective applications [14].
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7.3.5 Continuous Improvement

The aim of monitoring, evaluating and reporting process instances is to generate and
provide management information on process behavior. The addressees can analyze
it, investigate the causes of deviations from target values and derive short-, medium-
and long-term needs for action and restructuring measures.

In the following we discuss typical changes in process design, the goal of which is
to have positive effects on process behavior with respect to optimization. For
illustration we refer to the loan application example in chapter 5.

Parallelism and overlapping execution. Logically and technically independent
activities can be executed completely or partially simultaneously and by different
task holders. Although the number of different activities can increase as a result of
the splitting, executing these in parallel often accelerates the process. For example, a
review step in loan application processing could be broken down into the creditwor-
thiness check for the customer and the value check for the object to be financed, and
these could be run in parallel.

Aggregating activities. Aggregating as the opposite of splitting means that
activities that were originally carried out separately and by different task holders
are now carried out by a single task holder. This reintegration of tasks reduces the
division of labor and thus, for example, reduces interfaces. The number of activities
in a business process and its model decreases as a result of the grouping and the
sequence of steps in the relationships between the activities change. In the credit
application process, the (re-) combination of the two checking steps could again be
reasonable, in case the automation of the customer creditworthiness check previ-
ously described outweighs the time gained through parallelism.

Changing the sequence. The sequence of events in relationships between
activities, or between groups or bundles of activities, can possibly be reversed,
which may have advantages in terms of time, cost or capacity. In the loan application
example, the creditworthiness check should be accomplished before the value check
of the object to be financed, because the latter is not necessary, or the entire process
ends, if a potential customer is not creditworthy. The sequencing of checks contrasts
to running them in parallel. Therefore, in order to choose one of these variants, it
would be helpful to know how often an application is rejected due to a lack of
creditworthiness, and thus how many resources are wasted through a parallel object
value check in these cases.

Elimination of activities. Verbal discussions, process mining, path analyses, and
simulation experiments can reveal activities that are not needed (dead paths), activities
that are very rarely carried out, and activities in which hardly any value is added or that
are inefficient. The number of activities of a process decreases due to elimination and
the structure of the relationships change. An example of eliminating low-value-adding
activities could be the omission of an additional credit application approval by the
department management for amounts over €200,000 as mentioned in section 5.2.

Elimination or reduction of cycles. When business transactions are iterated
along cycles of activities, the lead times of processes are generally increased,
which often leads to waiting times during execution. With path analysis, such cycles
can be identified and localized, and possibly eliminated by changing the process
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design. During loan application processing, for example, the loan officers may
repeatedly have to ask the prospective customer for information because there is a
lack of sufficient details to assess the financing project. If the electronic application
form requires input (mandatory form fields, annexes, etc.) for such information, the
workflow system can prevent the submission as long as information is missing.
Although this does not ensure that the applicant will provide the correct information
in a complete and valid manner, the probability that he will do so increases, and the
number of enquiry loops necessary due to missing details will most likely decrease.

Insourcing and outsourcing. Under certain circumstances, it may make sense to
have entire business processes, or parts of them, carried out by specialized external
service providers rather than by the own organization. External partners might accom-
plish tasks in a more cost-effective way and/or much faster, e.g., due to economies of
scale. In this way, fixed costs can often be replaced with variable costs through the use
of partner services. For example, instead of employing its own experts for property
valuation, the bank could, on a case-by-case basis, engage an architectural firm. If the
right conditions are in place, the reverse route can also bring advantages, for example
in case previously outsourced activities can be organized more economically inter-
nally, e.g., because interfaces and transaction costs are no longer necessary.

Automating. Technical progress opens up possibilities to have manual work
steps supported by IT applications and machines, e.g., robots, or to have them
executed completely automatically. This is particularly relevant for time-consuming,
less motivating and error-prone activities. In order to implement automation options,
the development and market for corresponding technologies needs to be continu-
ously monitored. In doing so, suitable solution modules can be identified and
included in process adaptations. As an example, the credit bureau’s web service
can be used for obtaining customer information. Its integration not only fosters
automation but is also an example of partial outsourcing.

Reduction of interfaces.Naturally, process execution based on the division of labor
has interfaces on the organizational and technical level. It involves various organizational
units and external partners, who often use heterogeneous IT systems and tools to
generate and exchange intermediate results which are sometimes linked to different
media. The consequences aremedia disruption and associated duplication ofwork effort,
transmission errors, loss of time, costs, etc. Reducing the number of interfaces
counteracts these deficiencies. It can be achieved through organizational changes such
as reintegration or elimination of activities and changes in the allocation of tasks to task
holders. On the technical level, integrated IT systems such as Enterprise Resource
Planning software and workflow applications are helpful. In the loan application exam-
ple, the partial transfer of signature authority to the processing level has changed the tasks
assigned to the clerks and the department management. As a consequence, one branch of
the process flow could be eliminated, and the corresponding set of interfaces reduced.

Since many of the mentioned optimization approaches are mutually interdepen-
dent, the effects of a measure on other design factors must always be taken into
account. For example, outsourcing of process parts can increase the number of
interfaces and increase efforts for service management. These effects counteract
the advantages of outsourcing and always require an assessment of associated
advantages and disadvantages.
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