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PREFACE

The aim of this book is to present one of the most important parts of controlling
— production — in its current 21stcentury form — digitalization. Production is
critical for the development of all societies and this is why measuring effects
and overall company performance is of utmost importance. Digitalization is the
current and future perspective embedded in almost every job and all segments
of life. Controlling supports the management in the decision making process
and is therefore not excluded from the impact of digitalized business processes.

This textbook is written for academic courses and practicing professionals.
For the purpose of academic courses, the book is written as a core text for
graduate and postgraduate students who want to acquire in-depth knowledge
of the production controlling concept. For specialists like controllers, analysts,
accountants, auditors, and other similar professions, the book provides an
opportunity to apply their knowledge of the methodology that is to be used in
strategic and operational process controlling. The five chapters of the textbook
describe the essential approach to production controlling adapted to the needs
of both students and professionals. Chapter 1 introduces the technological
basis — Big Data. Cyber-physical systems are introduced for the purposes of
business model creation and controlling. The introduction covers the impact of
digitalization, and Chapter 2 describes the concrete concept of smart production,
new forms and benefits of industrialization, business model in relation to smart
production and economic dimension of Big Data, and the role of controllers.
Chapter 3 discusses key performance indicators and a ratio system that can
be used for controlling purposes. Chapter 4 deals with production process
controlling starting with their components and determinants as success
factors. Strategic and operational process controlling is described in detail
by the methods and key performance indicators of value stream controlling.
Production business model controlling is covered in the fifth chapter in which
methodology is presented as a combination of process-oriented production
controlling, supply chain controlling, and corporate controlling. Business model
controlling methodology is based on innovation in production engineering and
computer science, which calls for powerful IT business applications.

The beginning of this century was very dynamic. Rapid technological inventions,
especially in IT, have been growing tremendously. What are the challenges of
production controlling and what does it take to make it successful? The answers
can be found in this textbook!
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1. The Impact of Digitalization

Technological innovations bring possibilities and create a digital world. The
impact of digitalization on the organizations’ performance and business model
creation is evident. “Digitalization is the use of digital technologies to change a
business model and provide new revenue and value-producing opportunities; it
is the process of moving to a digital business.”

The fourth industrial revolution will lead to modular networking of processes
in industrial companies or factories. An intelligent factory consists of Internet-
based production in which manufacturing facilities, products, materials,
and tools communicate. Make to order (MTO) means production based on
customer requirements. This generates costs for configuration of a wide range
of product variants. On the other hand, globalization leads to high competition
and pressure caused by rising costs which can only be solved by using
high end technology. The vision of individualized products and services with
manufacturing costs from batch production has become reality by pioneering
development in manufacturing and information technology.

The search for and analysis of avoidable costs has lately focused on both
technological competence and process competence. Process competence
defines the ability to perceive complexity and guarantees that the process will
result in suitable solutions and value added for the customer.

Digitalization is an ongoing process that will continue in the 21t century.
However, it is also a tool for obtaining and handling information within the
organization and its environment. The effects of digitalization are continuous
and entail both opportunities and challenges for the controlling profession.

Controlling is a function that helps companies perform more efficiently and
effectively in order to achieve the set goals and objectives. By using different
analytical tools, controllers analyze various aspects of performance, coordinate
plans between departments and make integrative conclusions suitable for
decision making.

The role of controlling in the digital enviroment has been facing a challenge.
Self-service business intelligence (SSBI) enables the employees in various
departments to select data themselves. The controller’s role of a gatekeeper
in the controlling enviroment has become obsolete in the digital age, because
in the past controlling was predominantly focused on data collection and
processing, while nowadays employees can do it themselves. However, if
anyone could select the data by self-service, every employee would select the
data supporting their own argumentation. Data selection is in that case not
objective, but subjective, and controllers’ meetings will be postponed to set
enterprise-related global data models and governance for data harmonization.

1 Gartner IT Glossary, http://www-it-glossary/Digitalization



The analysis of digitalization controlling has an additional role — to harmonize
data in coordination with the IT department. Generally, data are signs adher-
ing to a specific syntax. Data become information if they have a meaning for
the recipient. Models make sections of reality less complex in order to make
understanding of the context easier for model users. The data model definition
is used to find out which data are needed and how they relate to each other.
The data model must be specified by controlling in coordination with the IT de-
partment. Only strict governance can ensure harmonized data and enable the
management to access decision-relevant data.

The future role of controlling is to derive meaningful conclusions from the se-
lected data, which are now Big Data. Quantitative methods, i.e. mathemati-
cal-statistical methods, can be used to measure the correlation of the factors
influencing the behavior of customers, to understand the development of mar-
ket data and to predict the development of customer behavior and market data,
provided that test results are successful.

The central task of data scientists is application of statistical methods using
information technology. On the other hand, business interpretation and devel-
opment of concepts in response to forecasting is a task of controlling.

Classic instruments of product cost controlling are based on classic costing and
the focus is on production time cost as a part of the entire production process.
Using sensors, data are made available every second through running pro-
duction processes. Monitoring of the production processes takes place in real
time. Thus, production controlling is always informed about the current state of
production processes and can make timely decisions accordingly. Besides, the
search for alternatives can be automated by self-learning systems when there
is a problem in production. Therefore, the established production controlling
needs to respond to this progress with new approaches.

1.1. The Technological Basis of Semi-Autonomous
Organizational Units

Building a modular, flexible production structure is inconceivable without devel-
opments in the field of the information and communication technology, such as:

- Real-time data collection

- Short-term response to events

- Calculation and visualization of production process indicators
- Support of continuous improvement

- Steering, control and monitoring of the production in real time.

10



The following three chapters, chapter 1.1.1 to 1.1.3, provide an introduction
to the main characteristics of the technology which is the basis for networked
production units.

1.1.1. Internet, the Driver of Change in Communication
and Cooperation

Technological progress has enabled a quick response of the organization re-
garding business combinations and collaborations.

Nowadays, the Internet enables the customer to find several potential vendors
and distributors for the requested products in a short time. Small and medi-
um-sized enterprises cannot rely on their product quality alone. The availa-
bility of defect-free products brings up the same question in each company:
why should the customer buy only their products? The results of technological
progress are increased expectations of the buyer’s market in terms of product
variety and manufacturers’ flexibility.

Through the IOT (Internet of Things), the digital world is now additionally con-
nected to the physical world. Techniques such as sensor technology and radio
frequency identification enable the transformation of analog data into digital data
and the resulting common electronic processing of the data, regardless of their
origin. Therefore, the connection of business models to “Business Services”
enables “Connected Business Models”. This is the communication basis, not
only among people, but also in human-machine communication. Development
of the so-called “framework” enables communication of different technical sys-
tems at unimaginable speeds. The results of the study clearly show that the
importance of transparency of global SCM? processes increases as well as the
significance of operative production controlling.

1.1.2. The Revolutionary Approach of Cyber-Physical Systems

The enormous progress in sensor technology as well as information and com-
munication technology enables the vision of a production environment in which
production and logistics systems are organized by themselves, without human
intervention.

The central elements are cyber-physical systems representing technological ba-
sis. These systems are distributed networked production units — intelligent ob-
jects that are linked in a web of data and services and controlled autonomously.®

2 SCM - Supply Chain Management

3 Fecht, N.: Industrie 4.0: die schone neue Produktionswelt? Interview mit Prof. Dr. Thomas, Bau-
ernhansel. 04/2013, availiable at www.openautomation.de/uploads/pics/030421zsh_emo_indus-
trie_4.pdf, 2013, p. 3.

11



This involves the virtual image of the real world of production supplement-
ed by information. This virtual image can be found in the IT application sys-
tem, revealing all possibilities of the participants in manufacturing — humans
and machines.

Based on process information in a real and a virtual process, each participant
and location (machine, transportation, storage...) can make decisions in the
production process and communicate them to other participants. For example,
if a tool recognizes its wear or loss, it orders its replacement via another tool
supplier. The task of the sensors is to control the condition of the location. Ac-
tuating means handling systems such as tool-changing systems. Embedded
systems are decentralized intelligence and make decisions based on process
information.

The cyber-physical system (CPS) has impacts on the industrial production in
technical, organizational, and business matters:

» Automation is possible for smaller series that enable consideration of a
wide range of product variants.

» Flexibility continues to be the key factor of production work in the future.

» Each CPS has information on the entire production process and can
therefore configure itself. Thus, the cost-intensive set-up time can be
considerably shortened.

* Based on the embedded intelligence, the CPS can optimize itself.
For example, the CPS is searching for the next optimal location based
on the actual information on the production process.

* Interruptions in the production process could be cleared by searching
for alternative strategies and their actualization in production orders.

* The production controlling has been transforming into a decentralized
instrument for planning and controlling the production processes.

* The function-oriented production organization, historically defined by
Taylor*, is replaced by process organization, which strives for continu-
ous improvement.

The road to autonomous, decentralized production structures has been outlined
by the progress of production technologies, particularly for sensors and actuators.
Ten Hompel and Henke detect: The extent of decentralization and self-organiza-
tion of production processes increases with the complexity of logistic processes.

4 Frederick Winslow Taylor (1856-1915) laid down the fundamental principles of large-scale man-
ufacturing through assembly-line factories in his book ‘Principles of Scientific Management’ from
1911. He emphasized gaining maximum efficiency from both machines and workers, and maximi-
zation of profit for the benefit of both workers and management.
http://www.businessdictionary.com/definition/Taylorism.html

12



1.1.3. Big Data as Controllers Potential

Big Data is a term used for the collection of large and complex data sets that
are almost impossible to process due to multiplicity, heterogeneity, and au-
tonomy of the sources. Big Data includes information generated from social
media, data from Internet-enabled devices (smartphones and tablets), machine
data, videos, voice recordings, etc. Big Data are usually characterized by three
Vs - volume, variety, and velocity, but there are four additional Vs that explain
accuracy and reliability, variability, visualization and value, or cost-benefit of
data collection:

Figure 1: The Vs of Big Data

Source: GTAG Understanding and Auditing Big Data, p. 9

13



In relation to the scope of Big Data for analytical purposes, it could be charac-
terized as follows:®

* High volume of data that needs to be analyzed in detail.

» Data diversity where diversity is both a challenge and opportunity. Data
could be structured in databases, semi-structured in log-files, and un-
structured like text.

» Processing power and rapid availability due to temporarily validity, espe-
cially of process data.

* Quantitative methods for analysis and evaluation of data, calculating al-
ternative scenarios and processing simulations.

Regarding the volume which can be used in a Big Data system, it is possible to
use a line item instead of just aggregated data. Specialized Big Data systems
are used for updating and processing the Big Data volume. It is clear that de-
tailed data provide a much higher analytical potential than aggregated data to
make actual data-based decisions.®

The question arises whether Big Data are more within the scope of tasks of
the information technology department, whose aim is to provide data in a
short time and accurately. In this regard, the predominant opinion is that the
information technology assumes the role of enabler who provides the data
using practical capacity of computer equipment and powerful organization of
the IT department.

Due to great possibilities of Big Data, the analytics methods are changing from
descriptive to prescriptive:

5 McKinsey: Chief Marketing and Sales Officer Forum — Big Data, analytics and the future of
marketing and sales, 2013, p. 16.
6 Bakhshaliyeva, N., et al.: SAP Predictive Analytics, Bonn, 2017.

14



Figure 2: Prescriptive analytics as a value-driving instrument for production
controlling

Source: Modified from Bakhshaliyeva et al., 2017, p. 59.

The role of controlling is processing and analyzing data and providing the most
realistic information for the decision-making process. Therefore, the scope of
tasks of “Business Analytics” is defined through Big Data in a new dimension.

The opportunities based on the Big Data technology promise a quantum leap
in production controlling. The possibility to simulate future scenarios becomes
a reality. The classic role of controlling in the descriptive and analytic analysis
will be complemented with predictive and prescriptive analysis. If previous busi-
ness can be mapped with sufficient accuracy using a mathematical-statistical
model, the model provides a very good basis for the development of alternative
scenarios and the associated forecasting.

In the past, controlling was focused on data collection and processing.
Nowadays, application solutions take over. Controlling has more time to in-
terpret the data and create concepts for a business plan. Time required for
data collection and processing can now be used for strategy, planning, and
consulting activities.

15



The technical implementation of the example illustrated in Figure 2 is not only
possible in the case of automated enterprise asset management. Big Data con-
tribute to the optimization of the supply chain of networked companies within
cooperative planning, forecasting, and replenishment (CPFR).

1.1.4. Controlling as a Sub-System

The goals of controlling are derived from strategic corporate objectives. The
controlling system is a sub-system of the company’s guidance and management
system. The coordination and support of the planning and control system using
the computer science system are one of the essential task scopes in controlling.

Therefore, the scope of tasks in area of controlling is development and design
of the controlling system on the one hand, and continuous coordination and
reconciliation of all organizational sub-systems in the company on the other
hand. The fourth industrial revolution generates increasing dynamics in the
company and its environment.

Big Data will have considerable influence on controlling in the future. A huge
impact on methods, instruments, skills and organizations is to be expected that
will consequently redefine the entire world of controlling. Controlling has two
main roles:

¢ Managerial — an advisory role that helps the management organize,
direct and control the activities that will achieve the set goals.

¢ Reporting — coordination of a series of data and information from differ-
ent sources and their unification into meaningful contents essential for
business decision making.

Horvath notes that controlling in a company system coordination mechanism
can be distinguished according to system-building and system coupling of co-
ordination.” The system-design function leads to generating new sub-systems
with special consideration of the interface problem matter. By contrast, the sys-
tem-coupling function includes ensuring the cooperation of various sub-sys-
tems at a given system landscape.

Horvath refers to various forms of human communication and conflict resolu-
tion. Today, the communication has progressed to human — machine commu-
nication. Therefore, investigation of the controlling system with its integration in
the current state of the information technology is essential.

Due to technological changes, controllers have undergone a very successful
transformation from registrars to business partners. This should be the strate-
gic focus of the controlling function. The new role of controllers allows closer
collaboration with the management on a wider range of topics.

7 Horvath, P., Gleich, R., Seiter M.: Controlling. 13" Edition. Vahlen, Stuttgart, 2015, p. 332.

16



1.2. From Big Data to Business Model

The widespread use of the term ‘business model’ started with the develop-
ment of personal computers and spreadsheets. There are many definitions
and views of this term. Peter Drucker (1994) defined the term as “assumptions
about what a company gets paid for” — which is a part of Drucker’s “theory of
the business”. The assumptions relate to the “identification of customers and
competitors, their values and behavior, technology and its dynamics, about a
company’s strengths and weaknesses.”

From the point of view of today’s digital environment and Big Data, a business
model is a plan for successful operation of a business, identifying sources of
revenues, customer base, products, and financing details.

1.2.1. The Impact of Big Data

Technological progress is ahead of organizational implementation. Currently,
it unclear what needs to be done with large amounts of data generated by
sensors and the information technology. The following questions must be an-
swered:

« Which benefits can be drawn from the data?

* Which filter should be used for the information flow to distinguish which
data are relevant and which are not?

» The statistical methodology is necessary to find the key data in Big Data.
Probability distribution, time series analysis and regression analysis are
the possible examples. With the support of application management, the
correlation of the input — output factors could be detected to build a fore-
casting model.

Technical handling of a Big Data volume is not the central problem. Power-
ful mainframes and computers and main memories in the size of petabytes
have become available. Economic application solutions related to the new
generation of SAP?s business suite® S/4AHANA™ are in the ramp-up phases'".

8 SAP SE: Systems, Applications & Products in Data Processing is a German multinational software
corporation that makes enterprise software to manage business operations and customer relations.
9 ABusiness Suiteisacomputerapplication with a setofintegrated business functions, collaboration,
industry-specific functionality and scalability.

10 SAP Business Suite 4 SAP HANA (or SAP S/4HANA) is a business suite offering thatis builtonanin-
memorycomputingplatformcalled SAPHANA. Itintegratesfunctionsfromlinesofbusinessesaswellas
industry solutions. In: S/4AHANA — What CIO and IT Procurement Teams should do now. http://www.
upperedge.com/2015/08/s4hana-what-cios-and-it-procurement-teams-should-be-doing-now/

11 Ramp-up is a term used in economics and business to describe an increase in company produc-
tion ahead of anticipated increases in product demand. Alternatively, ramp-up describes the period
between product development and maximum capacity utilization, characterized by product and pro-
cess experimentation and improvements. In: Terwiesch, Chr. & Bohn, R. E.: Learning and process
improvement during production ramp-up. International Journal of Production Economics, 70(1), 2001.
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The first implementations already took place in productive operation. Finance,
sales and logistics are available, and most industry-specific solutions will follow
soon.

The success of global businesses does not only depend on technologically
unique products or technologies. The creation of value added achieved by busi-
ness models instead of pure technical production has revolutionized industrial
manufacturing.

A manufacturing, industrial company is today understood as a platform in the
global network. Company success is based on flexible business processes char-
acterized by an extensive range of interfaces through the entire supply chain.

The development of the concept of controlling has always implied a close rela-
tionship between controllers and managers. Over time, their relationship trans-
formed from financial data masters to overall data transparency masters, and
ultimately to the level of business partners.

Over the years, business knowledge and experiences of controllers were sup-
plemented by managerial skills so they can be rightfully called business part-
ners. The advisory role of controllers is predominant. Nowadays, in the digital
environment and in the future, additional knowledge of computing, statistics,
mathematics, and contemporary economics is of utmost importance. Con-
trolling transformation will be directed towards business analyst / data scientist
symbiosis. Controllers will provide overall support to management and boost
company performance.

The Management — Controller relationship has changed in the digital age.
In the past, it seems that controllers were DCOs — Data Collecting Officers —
and now, controllers are CMCs — Chief Management Consultants.

With the new role of the controlling, positioned as an interface between the
data scientist and the management, it is the responsibility of the controlling
to avoid misinterpretation of data and find decision-relevant key data.
Management and controlling are subject to a paradigm shift. Management
and controlling of globally operating companies no longer focus mainly on
the factors of production, but on the business models and therefore
the resulting business strategies.

The central role of production controlling is to optimize the production and sup-
port the production management. Production controlling helps achieve produc-
tion goals by calculating target-actual variances, determining the consequenc-
es of variances, developing solutions, participating in production planning, and
implementing production application.
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However, productivity and profitability of a company no longer depend main-
ly on technical capacity, but rather the capability of business processes and
their interfaces. The technology itself does not lead to company success in the
digital age without experts who are able to use it efficiently. Therefore, human
resources developing innovative concepts are the key success factors.

Figure 3: The Management — Controller Relationship

Source: Schaffer & Weber, n.d.
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Central problems of production controlling in the digital age are:

* How to achieve efficient and effective production controlling in the net-
worked production environment?

* How to build a “business model oriented” production controlling that cur-
rently does not exist in practice? Does the networked production need
a paradigm change in controlling, especially in production controlling?

* Which information is required from the manufacturing execution system
to achieve an efficient production controlling?

The challenge is solving the issue of an explosive increase in data volume by
simultaneous increase in demand regarding processing speed.

1.2.2. Requirements for the Concept of Controlling

The technological progress of the fourth industrial revolution with Big Data an-
alytics, Cyber-Physical System and the Internet of Things leads to a production
system with globally connected semi-autonomous production units.

This progress leads to the short interval technology approach. In short interval
technology production is understood as a closed loop which can, in microsec-
onds efficiently react to interruptions.

The methods of production controlling using this technology will be explained
by the possibilities of computer science such as in-memory computing, using
cloud technology, especially a community cloud, and an ERP-system with sim-
plified processes in operations, logistics, accounting, and controlling.

For process-oriented controlling, manufacturing scorecard has been developed
for the evaluation of a single production process. Production controlling is sup-
ported by the Manufacturing Execution System (MES)'™. Key figures in this
scorecard are machine utilization, delay, advancement in production, and work
in the process.

A century of smart factory brought new requirements for an effective controlling
system. It requires new metrics measuring the effectiveness of globally net-
worked production systems. It is necessary to develop concepts that will enable
successful coordination of the smart factory.

The task of an effective controlling system is to develop new optimization solu-
tions. We propose the conceptual framework based on information technology
— analysis of the topics Smart Factory and Computer Science System followed

12 Kletti, J. (Ed.): MES — Manufacturing Execution System. Moderne Informationstechnologie un-
terstultzt die Wertschopfung. Springer, Heidelberg, 2015, p. 31.

13 MES is a computerized system used in manufacturing to track and document the transforma-
tion of raw materials to finished goods.
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by a specification of the two pillars of applied production controlling, business
administration, and business informatics. The methods of operational and stra-
tegic production controlling are also presented.

Figure 4: Conceptual framework for process-oriented controlling

The conceptual framework has two dimensions. The first dimension is the
economic-conceptual analysis with the objective to define key performance
