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To Professor Jan in ‘t Veld
(1925-2005)



Preface

This book is a tribute to Prof. Jan in ‘t Veld, who is the real founder of the Delft
Systems Approach. Until a few days before he died in 2005, he was working on
the English translation of his successful book Analyse van Organisatie-problemen.
The eighth edition of the book appeared in the Netherlands in 2002; it represents
50 years of experience, discussion and application of a systems approach that was
gradually developed and sharply defined by him. About 85,000 copies of the book
had been sold by then.

Unfortunately he was not able to finish the translation. The writers of this book
are convinced of the value of his approach and decided to finish his work. The
chapters of the Dutch book that had already been translated (by A.M.P. O’Brien) are
included here with only minor changes made to them (Chapts. 2, 3, 4, 7, 8 and 9).
However, we extended the theory with a conceptual view of behaviour modelling,
a view that was approved by in ‘t Veld himself.

Besides this, in ‘t Veld started his work from a purely managerial viewpoint.
The approach was primarily a contribution to management science. We start from
the perspective of the engineering world and therefore restrict the approach to the
level of operational management. We have often found that the approach contrib-
utes to a quick but thorough understanding of operational problems, and it has
helped us (and many students) to not just solve the problems correctly (an engi-
neering skill) but to identify the correct problems (a supposed management skill).

With this first English edition, we hope to expose an international audience to
this unique approach that is widely applied in The Netherlands and has received
great appreciation, not just from students and academic colleagues, but mostly from
managers in practice. They all recognize the challenging statement of in ‘t Veld:
“managers do know what they want to know, but they rarely know what they
should know”. This statement remains relevant even today, with the rise of power-
ful information systems and emerging technologies like wireless communication
and RFID (Radio Frequency IDentification).

Delft, December 2007 Hans Veeke
Jaap Ottjes
Gabriél Lodewijks
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Chapter 1
Introduction

Abstract. This book is primarily intended for engineers that reach a managerial
position in organisations in the industrial sector (production or transport), public
and private services, societies, banks, etc., as well as for members of staff who
support these functions. In addition, this book is also intended for engineering
students who aspire to a managerial or staff position in the future.

Whenever we use the word “manager”, we specifically address the engineer

who performs a managing function.

1.1 The Purpose of this Book

The purpose of this book is as follows:

To improve the conception of a design in order to obtain a better match be-
tween the expected operation and the real operation of an (intended) industrial
system.

To integrate the structural and behavioural conceptions of a system to be de-
signed.

To support communication between different specialists, both of whom are
involved in the same processes and projects.

To guide managers in their application of this knowledge to the problems with
which they are confronted in practice.

To communicate knowledge and understanding of the part of systems theory
that will enable managers to further improve their performance and/or to reduce
their workload.

H.P.M. Veeke, J.A. Ottjes, G. Lodewijks, The Delft Systems Approach, 1
© Springer 2008



2 1 Introduction

1.2 Theory and Practice

The pace of the development of knowledge and know-how in the organisation
sciences, logistics and information technology is rapid. The gap between those
who practice these sciences and the practicing manager is however becoming
larger rather than smaller. In general, a business management technique has an
incubation time of approximately five years before it becomes an integral part of
a company’s toolkit, whereas the incubation period of basic theory and a new
method of thinking is a complete generation.

From the outset of our professional careers, we have campaigned for thinking
in product streams and in processes in order to reduce flow time and increase
flexibility. Although systems theory emerged as a science in the 1940s, only in the
1980s did it become apparent that systems thinking, thinking in terms of processes
and system models, was actually being applied in companies. However, since
then, its application has enjoyed rapid expansion. Banks, insurance companies and
other service-providing organisations are now implementing this approach, which
is resulting in the resolution of many of their problems.

There are many possible reasons for the gap between theory and practice. We
believe that there are four main reasons:

. The difference between finding a solution in theory and in practice
. The time pressure of management

. The fashion consciousness of business management science

. The perception of “importance”.

AW N =

Ad 1. Too many scientists presume that the manager attempts to find the abso-
lute best solution to a problem. In practice, the interest level in doing this is not
optimal. The manager is primarily interested in avoiding poor solutions. Should
one useable alternative be available that is not too risky then he is satisfied enough
to “choose” this solution. He is usually pleased that one such alternative has been
found. On the other hand, he is conscious of the personal risks involved, from
a self-protection viewpoint. He therefore seeks methods to both solve problems
and to analyse the risk elements of the various alternatives presented to him. The
chosen alternative is not too important to him so long as it does not have a disas-
trous result. No one can ever prove that with a different choice, better results
would have been achieved. There is actually never a control situation where the
circumstances are 100% identical. In addition, a group can realise almost any
reasonable organisational decision when the members of the group trust in the
decision. A manager is thus only marginally interested in various sophisticated
mathematical methods for partial problems, unless the advantage to be had is
clearly demonstrable in advance.

Ad 2. Also, the manager never has enough time. Taking a day out to attend
a course on new developments is asking a lot. Reading a book, should he do so, is
usually of little benefit as he is not in a position to immediately apply the newly
acquired knowledge. The manager is actually looking for recipes. Should a book
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contain lots of jargon and (worse still) mathematical formulae, he is likely to close
the book after reading the first five pages, and donate it as a present to a staff
member. Managers just want fast and simple answers to their problems (Mintz-
berg 1996). They seek tools to perform a task or to do something in a different
manner. But the task in question, that which needs to be done, is in itself actually
more important (Drucker 1994). The manager usually directs and takes decisions
based on experience. This is an interesting observation, because most managers
are gradually convinced that “on the job” training is not the fastest way. It is the
case that the manager often gets by on his basic tertiary education, which, in gen-
eral, did not even touch upon the problems of leadership and organisation. Deci-
sion-making based on experience is OK under relatively stable conditions. How-
ever, now that technology and society are changing at an increasingly faster pace,
this is becoming more difficult. Science is also developing in this area. The prob-
lem, on the one hand, is how to convey this science to the hasty manager who still
believes that the ability to “organise” is something that either comes naturally or
not, and on the other hand, to identify what the manager should choose as a further
area for study.

Ad 3. There is a fashion-conscious aspect to business management science. Gu-
rus launch new techniques with much ado. These are often just basically good
ideas for particular aspects of business practice, but they are promoted and sold as
“the” solution to all organisational problems. ISO-9000, total quality management
(TQM), logistics, lean production, business process redesign (BPR), workflow
management, Six Sigma, etc., are the buzzwords of the last few years. Each of
these techniques focuses however on just one aspect of the whole picture.

An ISO-9000 quality certificate is currently a “must” for companies and it is
now penetrating service and administrative organisations. This certificate is not
only concerned with improving and controlling the quality of the processes
but also with guaranteeing the future results of these processes. The intention of
ISO-9000 is that one scrutinises the complete organisation. In practice, this has
actually degenerated to merely recording the existing procedures. When gaps
exist, they are filled. It is not about creating a better organisation but acquiring
a certificate. More and more customers demand this. In determining these proce-
dures, one elaborates on the procedures and procedure flow schemes from scien-
tific management. This leads to, at the most, an improvement in the existing situa-
tion, but it does not foster innovation. For example, consider an officially certified
procedure wherein, at a particular step, it is stated that employee X should exam-
ine the form and initial it. What he should look out for is not stated; the reason for
initialling it is unclear—perhaps to confirm that the employee has seen it? (And
what is the use, or function of this?). Or that he agrees; in which case, which au-
thorities and standards are valid here? This array of worthless procedural descrip-
tions was never the intention of ISO-9000, but it is what it has been reduced to. It
has been wryly observed that one can easily manufacture concrete life jackets
without losing the quality certificate. The year 2000 saw the introduction of a new,
improved version of ISO-9000. This means a leap forward. Now, attention must
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be paid to controlling the process and to customer satisfaction and a management
audit needs to be performed at frequent intervals.

Total quality management (TQM) is concerned with the control of quality. Sta-
tistical process control is a key aspect of this approach. But TQM goes further than
this. The production process is considered one integrated system in which each
successive department or employee is the “customer” of the previous one in the
process. Each customer, whether internal or external, must be kept happy. TQM
demands organisational change and a greater delegation of power. Cost cutting
can be achieved through improving quality. TQM is more than just implementing
quality circles in each department, as it views the organisation as a chain of indi-
vidual, independent processes, with customer satisfaction being the ultimate goal.

TQM concentrates on one aspect, i.e. quality, and assumes that if this is im-
proved all other aspects of the process will also be improved. TQM has often
failed. Quality improvement and radical changes in the organisational structure to
improve efficiency do not appear to go well together. TQM views the organisation
as a system that is primarily concerned with satisfying customers. TQM also as-
sumes that, in the long term, no conflicting interests will exist between employees
and the organisation and between the organisation and its shareholders. This is, in
our opinion, an unrealistic starting point. We see that as markets collapse, man-
agement abandons TQM and goes “back to basics”.

Logistics and supply chain management are concerned with the flow of materi-
als or of orders through the company: the shortening of throughput time; the re-
duction of stocks in hand; the simplification of the flow by reducing the number of
intermediate steps between companies and departments. The goal is to improve
the reliability of the delivery time and reduce the costs. Logistics often ignore the
product design and unquestioningly accept the structure of the existing organisa-
tion whilst, for example, a different product design and a production structure with
groups may realise even greater reductions in the production time. Applying logis-
tics in a functional organisation structure is merely toying in the margin. Further-
more, logistics often limits itself to the areas of manufacture and distribution and
leaves the initial trajectory, from product conception to manufacture, out of the
picture.

Lean production is particularly applicable to mass production and focuses on
a reduction of the throughput time, stock and costs.

Business process redesign (BPR) attempts to shorten throughput time and
achieve an improvement in the control of processes and lower costs through the
analysis and simplification of the transformation processes. In this technique de-
rived from informatics, it is noticeable that little or no attention is paid to the cir-
cuits needed to control the processes. BPR can lead to great improvements, but it
is often such that BPR has little influence on the end results of companies. The
critique of BPR is growing and an improvement of its theoretical support is ur-
gently required (Prakken 1995) (ten Bos 1997).

Workflow management is primarily an aid for visualising and analysing the op-
erational process as a model. The question of whether this to-be-streamlined proc-
ess is actually necessary at all in an organisation is not asked. Also missing is the
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intentional design of the necessary circuits for the control of quantity and quality.
It was only as recently as 1997 that we saw the careful entry of the control para-
digm in this area (Verhoef and Joosten 1996; van de Berg and Kusters 1997).

These approaches all originate from process thinking. This is why they have
caused an actual breakthrough in “thinking in processes” as advocated by us. No
publication on such methods, however, has provided a clear underlying theory. It
is therefore impossible to arrive at an integration of the different trends or to show
their exact limitations. However, the theory in this book forms the platform upon
which we can acknowledge and supplement the shortcomings of the methods. This
theory is also largely incorporated in sociotechnology.

Ad 4. Much of the scientific interest has been in problems that are not perceived
by the manager as being the “most important™ at the time. Science should precede
practice, but it is an open question as to whether science has ignored an important
field. Today’s managers are struggling with problems resulting from the increas-
ing complexity and changing attitudes of individuals and society. The complexity
of the relationship between a variety of elements and phenomena of the organisa-
tional structures that are required to help understand that increasing complexity is
problematic. How do we analyse such complex problems? How do we arrive at
organisation structures that can withstand present and future problems? It is not
about optimising existing processes but about new concepts. It is primarily about
retaining or improving the effectiveness and flexibility of the organisation and far
less about improving efficiency. The business analysts should certainly not lose
sight of this analysis of complexity and integration. Also, product design is be-
coming increasingly complex and multi-disciplinary.

1.3 Conceptual Approach

This book closes the gap between theory and practice from three different view-
points:

1. Extending the multidisciplinary character as far as possible
2. To find a solution, we should start with a common perception of the problem
3. Combining qualitative and quantitative modelling.

Ad 1. Each discipline or domain created its own systems approach with its own
terminology. This has become a major problem, especially for complex system
design (automated or not), where many disciplines come together. Currently all
disciplines use some kind of a “system” concept to deal with complex problems.
For example, business science considers organisations to be combined social,
technical and economical systems; logistics emphasizes an integrated approach to
dealing with an operational system; information technology developed several
approaches to the design of information systems. They all construct models to
formulate problems and find solutions. However, significant differences are evi-
dent between the models of each discipline. This creates a big problem for the
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project manager who should be able to keep all designs tuned into the system’s
goals. Moreover, each discipline tries to extend its modelling capacities further
when confronted with limitations. For example, the Object Oriented Change and
Learning modelling language is used to design and understand business systems as
a whole, but is completely based on information technology (Swanstrom 1998).

This book presents a systems approach which is abstract and conceptual, but
that contains all of that is required to elaborate a design further for each discipline
involved. It views the company as an integrated whole and can place into perspec-
tive and combine the contributions from the many other disciplines. In this way, it
supports collaboration in a design project and provides a way to save the principal
decisions and assumptions during a design project in a systematic way.

Ad 2. In addition, education is mainly solution-oriented. From the very start,
students are only trained to solve well-defined problems. In practice, however,
they will be confronted with situations where the problem is not as well-defined as
it was at school. Mostly they translate the situation into a problem that they recog-
nize, with the consequence that although they solve that problem correctly, it does
not appear to be the correct problem.

There is a clear need for people who are able to analyse a problematic situation
and unravel it into isolated and clear problems.

The method used here supports the analysis of problems as well as the design
of a solution.

Ad 3. Finally, there is a clear gap between qualitative modelling and quantita-
tive modelling. Up until 1960, scientific research in the area of business manage-
ment was aimed at improving the tools and techniques that emanated from scien-
tific management, a highly quantitative approach. Towards the end of the 1960s
the disadvantages of scientific management were becoming more and more obvi-
ous. The tools of scientific management were primarily focused on individual
tasks and their optimisation. One presumed that the sum of the optimised work
places would result in an optimally functioning company. In practice, it is now
clear that in order to achieve an overall optimal situation we need to make many of
the component parts sub-optimal. For example, we need to introduce over-
capacity in a certain area (sub-optimal) to achieve the shortest possible throughput
time in all other areas of the business. Much scientific analysis has since been
performed in this area. It is the systems approach that primarily focuses first on the
whole and then on the component parts; it thinks in terms of processes and process
functions, and in doing so provides a better insight into the flows through the
company. However, that approach has become a specialisation too, supported by
the growth in the number of management and staff levels over the last decade.
A “system” consists of a structure and shows behaviour, but the systems approach
in business science mainly focuses on the structure. The quantitative modelling
approaches should contribute to the dimensions of the structure, but until now
there has been no clear modelling approach that translates a structural model into
a behavioural model. In the field of simulation, for example, an appropriate mod-
elling theory does not exist, although Zeigler mentions the process interaction
approach (Zeigler et al. 2000).
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This book not only presents an approach to defining structure models, but also
provides a direct translation of these models into a behavioural concept that is
ready to be simulated.

Systems theory and the systems approach must be primarily seen as a thought
framework for personal use. It is possible to effectively pass on our findings to
others without using systems jargon. It is not about whether our own organisation
is “ready” for the application of the systems approach. It is an aid for “unique,
individual” thinking. The manager needs a greater insight into what needs to hap-
pen within his department, which, in turn, interacts with the other surrounding
departments. The problems mount up and many managers work day and night to
remain in control. If the systems approach assists in permitting these managers to
reduce the lengths of their actual working days, it is performing a very useful
function. In our experience, thinking in terms of systems can partly assist the man-
ager. It is not, however, a miracle cure. It offers a certain systematic method of
thinking about problems. It provides better insight and transparency. It is a tool
that can lead to a higher level of abstraction of contemplation of concrete situa-
tions. Faster conceptualisation is facilitated. We work less intuitively and can
better place our experiences. Discussions with representatives of other disciplines
become clearer. Multi-disciplinary working is facilitated.

1.4 The Structure of this Book

This book consists of three parts. The first part, Chaps. 2—7, covers the basic con-
cept for modelling a system structure and behaviour in terms of processes and
control circuits. The concepts of structure and time-dependent “behaviour” are
combined in order to complete system modelling. Part I principally describes
a fundamental approach to analysing industrial systems that emphasizes a concept
that can be used by all of the disciplines involved and creates a logical systematic
combination of quantitative and qualitative modelling. This approach is used for
the analysis of industrial systems. Part II, Chaps. 8-10, is concerned with the use
of these models in the design of (future) systems. Finally, Part III, Chaps. 3, 6 and
11, contains three comprehensive cases, which are drawn partly from our own
practical experiences.

Our approach to writing this book has been to directly illustrate each theoretical
concept with a practical example. However, being able to understand and absorb
the knowledge provided in this book is not the same as being able to apply such
knowledge to a real situation. The ability to apply knowledge is only gained by
personal practice and not by studying examples and solutions as provided by oth-
ers. The structure of the cases and exercises is such that demands are continually
being placed on the reader’s personal discipline. Before reading the solution, the
reader is first expected to spend at least a quarter of an hour mulling over the prob-
lem and arriving at independent solutions to certain case-oriented questions. It is
only through such practice that the essence of the material presented becomes
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clear, putting the reader in a position to apply the knowledge gained to his specific
problems.

Both the theoretical parts and the application exercises have been exhaustively
tested on students majoring in the discipline of Production Engineering and Logis-
tics in the Faculty of Mechanical, Maritime and Materials Engineering of Delft
University of Technology, and several Master Programmes in Business Manage-
ment. In these Master Programmes, the students hail from every possible disci-
pline and business branch: technology, informatics, sociology, law, economics,
psychology and medicine. They are university and polytechnic graduates as well
as employees from industry, government, banks, health services and other service
sector employees. No discipline is faced with insurmountable problems.
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Chapter 2
Systems Concepts

Abstract. First of all, we will define and explain the most important, basic con-
cepts from the systems approach. We readily admit that this is the most tedious
chapter but knowledge of these concepts and their mutual interaction is absolutely
imperative to be able to apply the systems approach and to think in terms of sys-
tems and processes in practical problems. The concepts of “system”, “element”
and “relation” will be sharply defined, together with the concepts derived from
these definitions. In order to describe a system completely, the concepts of “struc-
ture” and “behaviour” are required. Furthermore, subsystems and aspectsystems
are distinguished; this distinction is required for the correct modelling of systems.
We will also define the key items of our approach: “function” and “task”. Finally,
the system boundary will be discussed.

2.1 System

The word “system” is a very general term. It is derived from the Greek verb mean-
ing “to compile”. The literature harbours dozens of definitions, as follows:

e A system is a collection of mathematical relations whereby a composition of
physical objects is described

e A system is a man-made “whole” of interactive factors, variables (Lievegoed
1993)

e A system is a purposeful, ordered, coherent “whole” of related items and their
constituent parts (dictionary; Koenen-Endepols)

e All that is not chaos is a system (Boulding).

The problem with all these definitions is that they all contain inherent limita-
tions. The first definition confines itself to mathematical relations and to physical
objects. A composition of non-physical objects is therefore not a system. In addi-
tion, the relations must be determined using mathematical formulae. The second

H.P.M. Veeke, J.A. Ottjes, G. Lodewijks, The Delft Systems Approach, 9
© Springer 2008
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definition requires human intervention in order to be able to speak of a system.
Systems formed by nature are therefore not considered systems. The third defini-
tion demands that an arrangement must exist and that this arrangement must con-
tribute to a certain goal. Groups of related parts, for which we cannot determine
the goal, are thus not regarded as systems.

All of these definitions have two essential features in common, namely:

1. A collection of elements
2. Interaction between the elements.

We can discern the group of interacting elements within a greater whole. In the
total reality, there are even more elements, elements which we do not acknow-
ledge when studying the discerned group of elements. These latter elements can
however be related to the elements in the total reality. We can thus discern a sys-
tem within the total reality but we cannot dissociate the system from the total
enveloping reality. Should we dissociate the group of related elements from the
total reality, we run the risk of severing important relations with this reality. The
group of elements we choose to study as a system within the total reality depends
on the research requirements or on the researcher’s own interests. The term “sys-
tem” is therefore a way of thinking, a way of looking at things, that is dependent
on the purpose for which we intend to use it. The definition must allow for this.

Definition

A system is, depending on the researcher’s goal, a collection of elements that is
discernable within the total reality. These discernable elements have mutual rela-
tionships and (eventually) relationships with other elements from the total reality.
This definition introduces concepts that require further explanation.

Elements (Objects, Components, Entities)

These are the smallest parts considered by a researcher in view of his goals.

For this particular problem, they are not considered to be composed of even
smaller building blocks. The sociologist, who studies a company as a system, will
regard the company’s people and machinery as elements. The company doctor,
concerned with research into the effects of dust on the incidence of sick leave, will
regard the dust particles, the lungs and, where necessary, other organs in the hu-
man body as elements. The engineer, charged with designing a new machine for
a company, will regard the machine parts as elements. The material scientist,
charged with advising on the choice of materials for these parts, will view atoms
as elements of his system.

In mathematical systems thinking, it is common to refer to “objects”. This is, in
our opinion, too limiting. In many systems, not just objects but also subjects, inert
and living elements respectively, play a role. That is why we use the term element
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here, which can account for both. In addition, elements can be both material and
non-material. With material elements such as the components of a machine or
human organs, the system is concrete. Here, “concrete” means that it actually
exists, is tangible and can be observed. The opposite of concrete is abstract. “Ab-
stract” means separated from the material; intangible. Systems also exist where the
elements are concepts; for example, capacity and resistance. These concepts have
a mutual relationship that can sometimes be expressed in formulae. The related
conceptual apparatus in itself can also be seen as a system. These are abstract
systems, just like systems of services, of natural numbers in a numbering system or
of feelings in a system of feelings. The concepts in this book also form an inter-
related whole and are, as such, also an abstract system.

Content

We refer to the sum of the collection of elements as the content of the system. This
is directly comparable to a “parts list” of a drawing that provides an overview of
all of the parts that will appear in the drawing.

Attributes

The elements have certain properties. These can be physical, geometric, aesthetic,
social, etc. An individual taken as an element has properties such as length, a face,
and a character.

Seen qualitatively, an attribute often has different facets. The face can feel
rough to the touch or look sympathetic, etc. The size is also one of the facets, and
size has a certain value: the length of the individual is 1.85 m, and the face is very
friendly.

Relationships

Relationships exist between elements. These relationships denote a particular
interaction between the elements. In an abstract system, these are conceptual inter-
actions. In a concrete system there is dynamic exchange. The elements influence
each other. These influences can be mutual or one-sided. But what is the nature of
this influence? This means that the characteristics of one element can change the
values of the characteristics of another element and eventually vice versa. Charac-
teristics that a particular element did not possess in the first place (had a zero
value) can obtain a value other than zero under the influence of another element.
We can say that the initial missing element is cultured. This distinction, that
a property can have a zero value, can be important in gaining a clear insight. When
rearing children, we try to reduce or suppress those characteristics we consider to
be rated undesirable by society and preferably assign them a zero value, whilst
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encouraging the expression of or teaching other desirable characteristics, and in-
crease their value through, for example, education. The term “relation” can also
imply the positioning of the elements with respect to each other.

Relationships also have characteristics, but we will not delve deeper into this
area here. Much has been published on this topic, particularly in the discipline of
sociology.

Structure

The enumeration of the collection of relationships is referred to as the structure of
the system. The parts list of the drawing provides the content; the actual drawing
provides information on the structure, such as place and form relationships.

Universe

Here we refer to the total reality, i.e. all elements and relationships, known and
unknown, in reality.

According to the definition, a system is a group of elements that the observer
distinguishes within that universe. The elements of the system have inter-
relationships but can, according to the definition, also have relationships with
other elements in the universe. Not all elements in the total reality will have rela-
tionships with the elements of the system. We thus distinguish the meaning of
“environment”.

Environment

The environment belonging to the system under consideration is comprises those
elements from the universe that influence the characteristics, or the value of the
characteristics, of the system’s elements; or in reverse, are influenced by the sys-
tem. When we consider a company as a system, the elements of the prevailing
society form a system of higher order that influences the company and the ele-
ments within. Society therefore forms a definite part of the environment of the
company’s system. On the other hand, the planet Saturn, which is also an element
of the universe, probably does not influence the company’s system and therefore
does not belong to its environment. This is really unclear for a particular company
on another continent. This can or cannot influence the company. The actual com-
ponents of the system’s environment are often difficult to determine.

In principle, the system’s environment is the collection of objects and subjects
in the universe that influence the elements of the system but are not constituents of
the system. The environment is part of the universe.

We therefore make a distinction within the definition of “structure”. All inter-
element relationships within the system form the internal structure. All relation-
ships with elements from the environment form the external structure.
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Emergence

Emergence is the principle that whole entities (groups, elements) display charac-
teristics that are only meaningful when they are assigned to the whole and cannot
be reduced to the individual elements. For example, the odour of ammonia or the
image that appears as we progress with the piecing together of a jigsaw puzzle.
Each model of a system of human activity displays, as a complete entity, charac-
teristics that emanate from the activities of the system’s elements and its structure,
but which are not retraceable to these. These are emergent characteristics of the
whole (Checkland and Scholes 1990; Hitchins 1992).

Summary

Universe (the total reality)

e Environment (the elements of the universe that have relationships with ele-
ments of the system)

System

e Concrete (tangible)

— Content (summing up of the elements)
— Structure (summing up of the relationships)

o Internal (the inter-element relationships within the system)
o External (the relationships between some elements within the system with
elements from the environment)

e Abstract (intangible)

— Content
— Structure

o Internal
o External

2.2 Subsystems and Aspectsystems

In order to obtain a clearer insight into a complex system, it has been shown to be
extremely useful to differentiate the system into subsystems and aspectsystems.
(De Leeuw 2000).

A system is composed of elements and relationships. We can therefore use two
methods to differentiate partial systems: subsystems and aspectsystems.
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2.2.1 Subsystem

Definition

A subsystem is a partial collection of the elements in the system whereby all the
original relationships between these elements remain unchanged.

We therefore think of a division into subsystems as a division into groups of
elements whereby all the original relationships between the elements of such
a group, and their relationships with the other system elements, retain their origi-
nal properties.

A subsystem completely conforms to our definition of a system. A subsystem is
a system whereby the original system forms an important part of the environment
of the now differentiated subsystem; for example the starting motor of a car en-
gine. The motor can be considered to be a subsystem of the car. The car forms the
environment of the motor. Nevertheless, at one stage lower the starting motor
forms a subsystem of the motor whereby the motor and part of the car form the
starting motor’s environment. In technical systems, we usually differentiate sub-
systems as those groups of elements that collectively assist or aid in the greater
system. In a company’s system or organisation, the division between what we
want to differentiate as a system or subsystem and what is the environment is
often less obvious than in technical systems. Depending on the problem definition,
it is often recommended that those subsystems of an organisation should be cho-
sen that form a more or less independent part or that fulfil a certain process func-
tion in the whole.

2.2.2 Aspectsystem

Definition

An aspectsystem is a partial collection of the relationships in the system whereby
all the original elements remain unchanged.

The relationships within an aspectsystem are generally of a singular type. The
aspect we wish to examine determines the type of relationships that we distinguish
in the partial collection.

The remaining relationships are not considered here. As such, we could sepa-
rate the following aspectsystems in a motor:

e The thermodynamic aspectsystem, such as the conversion of chemical energy
into kinetic energy, resulting in heat transfer and material expansion

e The kinematics aspectsystem: the predicted movements that the parts must
make with respect to each other

e The tribology aspectsystem: the mutual friction of the moving parts and the
lubrication required
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e The spatial aspectsystem: the positioning of the compulsory parts with respect
to each other
The control aspectsystem: the controlled progression of the process
The strength aspectsystem, such that the parts can tolerate the apparent forces
in action

e The maintenance aspectsystem: the approachability, the ability to replace and
the life expectancy of the different parts.

In a company, it is possible to distinguish the following aspectsystems:

e The technological aspectsystem, e.g. the rows of machinery in a production line

e The economical aspectsystem, i.e. the cash flows or the value added flows

e The social aspectsystem, i.e. the relationships between the workers and be-
tween the workers and the machinery

e The spatial aspectsystem, i.e. the physical positioning of the departments within
the factory walls or of people and machinery within a department

e The information aspectsystem, i.e. the flow of the planning and control data
between the departments or the employees

e The political aspectsystem, e.g. where is the balance of power and the political
influence with respect to decision-making?

The above-mentioned relationships and more can be found in both a motor and
a company. Each type of relationship can be studied as an aspectsystem.

Relationships also exist between the individual aspectsystems. Such relation-
ships are termed inter-relationships. Our knowledge of these latter relationships is
limited. We often omit the word “aspect”. We usually only describe certain as-
pects of a system, certain relationships between the elements. This omission pre-
sents a real danger. In the long term, we forget that we have excluded, without
reason, various other relationships that are present. We base our conclusions and
decisions only on that which we have studied by that one aspectsystem. This can
have disastrous consequences: for example, buying a digitally controlled milling
machine but neglecting to instruct one of the workers (element) in its use (rela-
tionship) or forgetting to adjust the work preparations. Here, one has defined
a systems limit that is too narrow, namely, only around the machine itself.

Sometimes an aspectsystem is also referred to as a partial system (De Leeuw
2000). In mathematical, partial differentiation, one assumes that the remaining
relationships are constant. In an aspectsystem, we go further and completely ex-
clude the remaining relationships. The danger of such action has already been
pointed out. In order to avoid any confusion with respect to this point, the term
“aspectsystem” will continue to be used. It is perhaps unnecessary for us to point
out that the term “social aspectsystem” does not have the same meaning as the
term “‘social system” as used in sociology. A social system in sociology is a sys-
tem where some or all of the elements are people. Also, in this respect, we cannot
omit the word “aspect”. In this book, the term “social aspectsystem” refers to all
relationships between people who belong to the system we are studying.
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Fig. 2.1 Subsystems and Aspects (relations)
0
aspectsystems HE /A/A.
— v

Elements

Summary

In subsystems, we distinguish groups of elements whilst retaining all the relation-
ships between the elements.

In aspectsystems, we distinguish relationships whilst retaining all the elements.
Both approaches can occur simultaneously such that we view some aspects of
a subsystem (1 in Fig. 2.1), an aspect-subsystem, or sub-aspectsystem. The matrix
in Fig. 2.1 depicts this.

In his attempts to understand the universe, man mainly studies subsystems
within aspectsystems. The number of relationships between all elements that to-
gether form the universe is, after all, unimaginably large for the limited capacity of
the human mind.

So:

System

e Subsystem (a group of elements retaining all relationships)
Aspect-subsystem (a group of elements within which we only look at certain
functions)

e Aspectsystem (certain relationships retaining all elements)
Sub-aspectsystem (certain relationships, but now only within a group of ele-
ments).

Examples

Take a group of students in a lecture theatre as a system. The system’s boundary
lies at the walls of the theatre. If we consider all of the relationships between the
students in the left half of the theatre only, then we are looking at a subsystem. On
the other hand, if we consider only certain relationships between the students in
the entire theatre—for example, their positions with respect to each other and their
eventual memberships of a student society—then we are studying an aspectsys-
tem. Now, if for the whole theatre we draw the system’s boundary around those
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students that are members, and then we get one or more aspect-subsystems. If we
take only the left half of the theatre and look at their memberships, then we have
a sub-aspectsystem.

Consider another example. If we consider a building a system, then the subsys-
tems are, among others, a floor, a room and a stairwell. The aesthetic appearance
of the building is an aspectsystem just as much as the colours. This is the archi-
tect’s domain. The civil engineer looks at other aspectsystems such as weight,
strength and measurements. The business specialist will look at the transport as-
pectsystem, among others. The communications technician looks at the telephone
aspectsystem, a part of the communication aspectsystem.

2.3 State, Process and Behaviour

Each of the elements in a system has certain characteristics. These characteristics
have certain values. The elements can mutually influence each other such that one
or more characteristics change in value. We then speak of relationships between
the elements.

2.3.1 State

We can, for now, define the state of a system at a defined time as the value of the
properties at that time in the system.

An event occurs when the value of the property of an element changes; that is,
when the state of a system changes. When one event inevitably leads to another
event, we talk of an activity. An activity takes time. The state of a system at
a particular moment is a result of previous events. The definition of state thus
includes the memory of the system. All relevant historical information is stored
here. To describe the state, we must provide an overview of the value of the prop-
erties of all of the elements at that time.

Sometimes not just the values of the properties but also the relationships be-
tween the elements can change over time. In this case, there is talk of a changing
structure. With an unchanging structure, we must be aware that a structure can
appear not to change. When the relationships continuously change with a definite
cycle-time and we continue to take measurements at a determined point in that
cycle-time, then the structure appears to be unchanged to the observer. Due to the
chosen interval between measurements, the system appears to have an unchanged
structure.

It can even be the case that a number of elements are removed from or replaced
in the system. This changes the content and thus the structure because a number of
relationships also change. In such cases we must not only provide a description of
the value of the properties but also of the content and structure at that time.
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Managers are primarily concerned with systems that must fulfil a function in
their environment; that is, make a contribution to a greater whole. Some functions
can be fulfilled by unchanging static systems, such as a suspension bridge or
a pillar of the bridge, or a system of roads. Within such a system we find elements
and relationships but no events. At least, that is not the intention. To fulfil other
functions, events and activities must take place within the system. Those are time-
dependent systems in which processes occur.

Beware: the terms static and time-dependent systems refer respectively to the
absence or presence of a process in the system. Changing or unchanging refers to
the structure of the system, for example:

Car motor: unchanging structure, time-dependent system
Company: changing structure, time-dependent system

Map: unchanging structure, static system (i.e. not a process)
Stamp collection: changing structure, static system.

Time-dependent systems often need various supplies from the environment,
such as energy, materials, and ideas, etc., in order to fulfil their specific functions.
Some systems, such as companies, fulfil their function in the environment by
delivering products or services as required by the environment. Generally, in such
systems we can differentiate between:

e Input
e Throughput
e Output.

The simplest depiction of such a system to which we will repeatedly refer is
displayed in Fig. 2.2.

This image is based on the flow of matter.

The flowing elements may or may not have their own identities, e.g. cars on a
production line or oil in a refinery. It is essential to define exactly what it is that
flows. In the case of the car factory, we can regard the raw materials that must be
transformed into cars as flowing elements just like the received orders that are
converted to fulfilled orders for cars. In the first case, we are concerned with raw
material flow, and in the second case with the “information material” flow. The
matter that flows is indicated next to the process arrows. So our simplest scheme
of a car factory with respect to the materials would be represented as in Fig. 2.3.

In a system where a process occurs, we can distinguish between the permanent
elements and the temporary elements. Only for the latter can we talk of a flow

Throughput
|nput Output

Fig. 2.2 Simplest scheme of a time-dependent system (based on the flow of matter)
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Car assembly
Raw materials Cars

Fig. 2.3 Simplest scheme of a car factory

time. These temporary elements are continuously supplied to the system where
they are transformed by various activities during the throughput to become the
output demanded by the environment, plus eventually waste. These activities col-
lectively form the process. The permanent elements fulfil functions in that process.

2.3.2 Process

Definition

A process is a series of transformations that occur during throughput which result
in a change of the input elements in place, position, form, size, function, property
or any other characteristic.

The way in which the activities are performed, their respective sequence, etc.,
is determined by the properties of the permanent and temporary elements and by
the relationships that exist among the permanent elements and with the temporary
elements.

Content, structure and process are thus inextricably bound together by an indis-
soluble tie and must therefore be studied together. This book will primarily exam-
ine industrial systems, systems with processes that are clearly focused on a par-
ticular goal. The activities are individually linked by information flows, the
information that is required for the execution, at the right time, right place, right
manner and in the right combination of the right activities. The activities in such
a process are mostly performed by subsystems, each of which has its own deter-
mined function in the process and makes its own contribution to the process.
Through that process, the system fulfils its function in its environment. The ful-
filment of that function in the environment is the system’s goal. Each element and
each subsystem delivers its own contribution in the process towards realising the
system’s goals. In a well-organised, technical system, no element can be removed
without reducing the total function fulfilment of the system. A car without wheels
or without petrol cannot fulfil its function.

Doubling the number of elements such that when one is removed the other
takes its place (redundancy) is sometimes necessary to reduce risk. The second
element is therefore not superfluous because the goal of the system is to also relia-
bly fulfil the systems function. When a certain element stops functioning in
a living system (in vivo), this function is sometimes taken over by other elements.
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2.3.3 Behaviour

A time-dependent system will display certain behaviour within the period in which
the system is being studied. Therefore, the researcher must take the time period
into consideration when studying the system. To what extent does the researcher
wish to make future predictions about the system? What is his time-span? We
denote this with the term phase system (De Leeuw 2000).

There are thus three possible subdivisions of a system:

Subsystem is a group of elements, e.g. a department

e Aspectsystem is a group of relationships, e.g. the interpersonal relationships in
a company

e Phase system, the time span within which a system is observed, e.g. within
a period of one month.

At the very start of cybernetics, RosenBlueth et al. (1943) defined “behaviour”
as “any change of an entity with respect to its surroundings”. They declared this
behaviouristic approach to be the examination of its output and the relation of this
output to the input. They contrast this to the “fundamental approach”, in which the
structure, properties, and intrinsic organization of the object are studied, rather
than the relationship between the object and its environment. The term ‘“any
change of” must be clarified with respect to that “relationship”.

To achieve this, the definition of in ‘t Veld (2002) of “any change” is consid-
ered. He defines the behaviour of a system as “the way in which the system reacts
to internal and external conditions, to certain inputs and their transformation”. He
relates behaviour to the “state” of the system. “The state at some point in time of
a system with a given structure is a set of values that together with the input signal
at that point in time unambiguously determine the output signal”. He considers the
set of values the result of input signals from the past. A value must belong to
a “property” of the system.

The term ‘“unambiguously” complicates the interpretation of this definition.
Apparently the state of the system is not fully described by the values of its inter-
nal properties but must also include the values of external properties, which may
influence the internal properties (by means of input signals). The conclusion is that
the state of a system must reflect both the internal and external conditions. Conse-
quently, there are two sources by which a property value may change: the system
itself or an external source (another system or the environment).

A change of the state is therefore a consequence of a change in the set of prop-
erty values or a change in the input signals.

We define behaviour in the following way:

Behaviour is the property of an element that describes the way in which the
state of the element together with its input results in output.

According to this definition, an element has two major properties: state and be-
haviour. The behaviour cannot be expressed by a simple value, but must somehow
express the way in which the state will change.
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When we can completely predict the output from a known input, then the be-
haviour is completely determined (deterministic). When chance plays a role and
the output is only predictable with a measured probability, we refer to the behav-
iour as being stochastic. A system is in a steady state when it displays behaviour
that is completely determined and repeatable in time, whereby the behaviour in
one interval is similar to the behaviour in another interval. In the case of stochastic
behaviour, this means that the probabilities must have a determined value.

Mathematically, we could suggest that the probability distribution of the possi-
ble states is constant. This is the case, for example, for an electric clock. However,
the behaviour of a system can also change with time: so-called passing or transient
behaviour. The probability distribution of the possible states in that case is not
constant. A system that displays signs of growth or decline, expansion or reduc-
tion has transient behaviour and is often referred to as a transient system. Such
a system often displays one-off reactions that cannot be repeated; for example
a child’s first steps and his/her reactions to this event.

2.4 Goal, Function and Task

In the previous text the terms goal, function and task were mentioned in passing.
A clear distinction between insight into and the coherence of these terms is essen-
tial for thinking in terms of processes and systems. Many people have problems
when they go to apply these terms to a concrete situation.

Function and task are often confused in common parlance. When we want to
design or analyse systems it is imperative to make a clear distinction between
these two terms. Malotaux (1997) distinguishes this by making a distinction be-
tween:

Task Function

What the element does Its purpose
The actual work The (unintentional) effect of it in the greater whole

Malotaux defines the terms “function” and “task” as follows.

Definition

The function of an element (object or subject) is that which is brought about by
that element towards satisfying a need of the greater whole. In short: the desired
contribution of a part to a greater whole of which it is a constituent.
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Definition

The task (usually tasks) is concerned with what needs to happen or needs to be
done in order that the contribution is realised such that the function is fulfilled.

The task is concerned with the actual work, the activities. The function is con-
cerned with the context of the task within the greater whole.

With function, it is the net result on the environment that counts and not Zow
the system accomplishes this. It is not about the activity itself.

Both terms are in fact extensions of each other, just like the throughput and the
output. The task is concerned with the activities that take place within the element
or subsystem. The function is concerned with the consequences of these activities
in the environment of the subsystem. We think of functions as contributions to
a greater whole. As such, we are currently not concerned with the manner by
which the subsystem realises this internally. By thinking in this way we keep all
our options open for alternative ways of realising this contribution.

Here is a rule of thumb: it is a function when the same contribution can be real-
ised by different means. For example: the function to be fulfilled is “producing an
electrical current”. A bicycle dynamo can achieve this but so too can batteries. It is
thus a function. The fask of the bicycle dynamo is “to convert the wheel motion
into electrical current”, and this is only possible with the bicycle dynamo. The task
of the battery is: “to produce an electrical current by means of a chemical reac-
tion”. A function is almost always a verb. A noun is usually a resource. We must
Sulfil functions whereas tasks are implemented.

We shall therefore often design a system by first determining the functions that
must be fulfilled in the system to realise the system’s goal. In this analytical phase,
it is essential to clearly distinguish the functions to be fulfilled, irrespective of
whether two functions can be fulfilled by one and the same organ. For example,
the wall of a house has different functions, such as partition (visual separation of
the inside of the house from the environment, heat insulation, sound insulation)
and transmission (supporting the floor above or the roof). Normally, all of these
functions are assigned to the one organ, “the wall”. By assigning these different
functions to separate organs, we can arrive at surprising new constructions. In
particular, when using new materials, this approach can be essential for maximis-
ing the usefulness of the new materials. Another example: a hospital’s goal may
be formulated as follows: “The healing of patients and/or the easing of their suf-
fering and/or patient reassurance with respect to their perceived suffering”.

This is the function that the hospital must fulfil in society. In general, fulfilling
the function in the environment is the goal of the system. To achieve this, various
functions must be fulfilled within the hospital, such as diagnosis, treatment, nurs-
ing, caring. The question of whether these are functions rather than tasks often
arises. The answer to this is again dependent on the question on which the atten-
tion is focused. For example, we can view “nursing” in two ways: as an activity in
itself (task) or as a contribution to the healing process (function). The function is
paired with the desired result. These functions in the hospital can be assigned to
separate departments (subsystems). In turn, it is the aim of, for example, the X-ray



2.4 Goal, Function and Task 23

department to fulfil a function in the hospital, namely to provide the opportunity to
perform an internal examination of a patient without resorting to an operation.

Therefore, the tasks of the X-ray department are to take X-rays but also to keep
abreast of the technical developments that can contribute to new and better ways
of fulfilling that function. The hospital system therefore needs certain functions.
To achieve this it creates subsystems that are charged with fulfilling these func-
tions in the hospital system. This means that a variety of tasks (activities) must
take place within the subsystem. Seen from the perspective of the total hospital
system, subsystems are merely means to realise the hospital’s goals.

Summary

The goal of such a goal-oriented system is to fulfil certain functions in its environ-
ment, functions that the environment needs for its processes. Within that system,
consecutive processes must occur. In these processes, various process functions are
fulfilled for which tasks must be performed. The functions are assigned to certain
subsystems. The goal of that subsystem is to fulfil the required function in the sys-
tem’s process. The subsystem becomes a means to achieve the system’s goal.

Figure 2.4 illustrates our concept of a function. By transforming input into out-
put, requirements are being fulfilled to some extent, which is expressed by the
performance. Requirement and performance are directly related to the goal of the
function.

A function is less time-dependent than a task. In the aforementioned X-ray de-
partment, many other means and methods have become available in addition to the
X-ray taking facility, such as ultrasonic diagnostics. Whilst the function remains
the same, the tasks change, and it may be that the name of the department also
needs to be changed. Within a time-independent function, we see a continuous
shift in task implementation from man to machine, which is brought about by
rapidly advancing technology. In offices, we witness a rapid shift from man to the
computer, where the function, the contribution to the greater whole, remains un-
changed. It is not just because the function is afforded a longer life than the task to
be performed that we increasingly take the perspective of functions instead of
tasks in the design of technical processes and in organisations, but also because,

Requirements Performance

Input Output

—— Function :>

Fig. 2.4 Simplest scheme of a function
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when designing functions, various alternatives remain open in terms of the manner
with which (the task) a function will be fulfilled. We then determine which func-
tions are needed within the process and which relationships must be realised. We
can, in fact, speak of the design of the functional structure. The process functions
form the elements: the relationships between these functions form the structure. In
organisation science, the term “functional structure” has had a completely differ-
ent meaning for some ninety years. To avoid confusion, this book will stick to the
classical meaning of the term “functional structure”, as derived from organisa-
tional science. The former is indicated as “process function system” or “system of
process functions”. In such a system, the relationships between the functions are
primarily determined by the process cohesion. Functions change in time more
slowly than tasks. In the long run, it is possible that the need for a certain function
in the environment can change or even completely disappear. As such, the goal of
the system or subsystem that fulfilled this function changes. Should that system
wish to continue to exist then it must focus itself on a new goal.

Question

As practice material for the previous issues addressed, indicate which elements are
not correctly represented in the “bakery” system displayed in Fig. 2.5. Why is this
and how should it have been incorporated into the scheme?

Answer

In the scheme displayed in Fig. 2.5 only “prepare dough” and “inspect” are func-
tions. The other elements are not functions.

“Flour” is not a function; it is a flowing element. It does not belong in a process
function block but should be placed next to the process arrows. The same applies
to “cookies”.

“Oven” is not a function but a means of fulfilling the function. The function is
“baking”.

The “customer” is also the means of performing the function, which is “con-
suming”.

The functions “preparing dough” and “baking” are often collectively placed in
one department, the “bakery”.

prepare dough

Fig. 2.5 Question: system of process functions

cookies
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2.5 System and Environment

The system’s environment is composed of those elements from the total reality
that exert influence on or are influenced by the elements of the system. We now
distinguish between open and closed systems. An open system is a system whose
elements interact with elements from the environment. A closed system knows no
interaction with the environment; in other words, the system’s environment is
considered to be empty. This distinction also depends on the manner of considera-
tion. If, whilst studying an open system, we accept for simplicity’s sake that no
relationships exist with the environment, then we are actually considering the open
system to be a closed system for the purpose of the study.

It is also possible that confusion can arise here because, in electricity and hy-
draulics, the term open circuit implies one where the process flow or the informa-
tion flow is impeded by an “open” switch or closed tap. When we flip the switch
closed then the process takes place and the circuit is closed. In systems thinking,
the difference between open and closed systems is completely different. Better
terms would be respectively: not isolated and isolated systems.

All systems with an input and output are difficult to study as closed systems.
We tend to ignore too many essential relationships. A system that does not have
input during the test period but does have output is called a free system. An open
system has input and output.

2.5.1 The System Boundary

A system is a cohesive whole of elements. In order to distinguish a system from its
environment, we need to draw a system boundary. The eventual input and output
traverse this boundary. In principle, this boundary can be chosen freely. In practice
it is determined by the method of consideration chosen by the researcher as being
the most adequate for his particular question. We must be careful not to draw this
boundary too narrowly. This could lead to the possibility that the cause of the
problem as presented falls outside of the chosen system and thus evades detection.
If we chose a royal boundary, the whole becomes more complex and unmanage-
able. Choosing the boundary is a difficult issue. All things are connected and if we
are not careful, we may conclude that in order to solve a specific problem in the
maintenance department of a firm, we must first change the complete universe.
Inexperienced researchers are often inclined to draw a royal boundary. In contrast,
experienced researchers often display the inclination to draw too narrow bounda-
ries; Company myopia can be an important reason for this behaviour.

How we define the system to be studied is dependent on the goals that we set
the system and the questions to be answered. The (artificial) system boundary is
therefore also dependent on both the ability to measure the goals and the various
means to achieve these goals.
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A system should form a cohesive whole. In practice, we can therefore only
consider a group of elements as a system when their mutual cohesion is greater
than their cohesion with the elements in the environment. In order to be suffi-
ciently manageable, the system boundary should be chosen as follows:

e Such that the exchange of the temporary elements—such as material or patients
or, with further abstraction, data—across the boundary is less than within the
boundary. In this case, it should be that the exchange takes place via a number
(as small as possible) of permanent elements.

e And/or on the basis of the number of relationships dissected by the boundary.
Whether or not we wish to consider a particular element as belonging to the
system is thus dependent on whether the number of relationships among the
elements already incorporated in the system is greater or less than the number
of relationships with the environment. It is not about all conceivable relation-
ships here, only relationships that are considered relevant to the problem.

e And/or on the basis of the energy required for transmission through the bound-
ary. Transmission through the boundary requires more energy than a transmis-
sion that takes place within or beyond the boundary.

e And/or such that we are able to clearly formulate the function of the chosen
system in the environment. Does the (sub)system have clear emergent proper-
ties? The omission or addition of an element can influence this.

The system’s boundary is primarily determined by the goal of the study. Within
this parameter, we must attempt to choose the system’s boundary such that the
least number of relationships are severed and the least possible number of tempo-
rary elements crosses the boundary.

The latter must, in addition, occur via the least possible number of permanent
elements. Always choose the system boundary to occur at a discontinuity in the
process.

We are often presented with a number of possibilities in choosing this bound-
ary. Confusion can occur if we choose the boundary that is, unnecessarily, on the
royal side; choosing too narrow a boundary means we risk overlooking important
aspects. The choice of boundary is often an iterative process.

We usually base the choice on practical considerations. A couple of examples
are as follows:

e When we wish to study a family, we can place the boundary around the con-
stituent elements, the family members. We could also include the home help in
the system or consider the actual house as an element in the system.

e The strain on an electrical or a mechanical system can be considered either as
part of the system or as an output. Some car manufacturers give the engine
power in so-called DIN-kW, others in SAE-kW. When measuring the perform-
ance in SAE-kW, all aids, such as the dynamo, are removed. When using the
DIN measurement, all accessories are present, as in the case of the car. The per-
formance in SAE-kW is therefore always greater than that in DIN-kW. It can
be useful to be aware of this difference when comparing cars.
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e When researching certain phenomena in a dishwasher we may or may not re-
gard the operator as part of the system, just as we may the dirty crockery.

e When investigating the actual organisation of an X-ray department, we could
place the systems boundary at the walls of the department, but we could also
include the operating theatre or other departments in the system.

Whether we have chosen meaningful boundaries for the purpose of solving the
problem becomes apparent when the results obtained are confronted with reality.
It is primarily about making a purposeful choice for the boundary in view of the
problem to be analysed.

2.6 Some Other Definitions

In Sect. 2.3, steady state is defined as the state of a system that materialises when
the behaviour of the system is repeatable in time and when the behaviour in one
period is similar to the behaviour in another period. The opposite of this is tran-
sient, passing behaviour. In a closed system, the eventual steady-state equilibrium
situation is only determined by the initial conditions. In an open system, an even-
tual equilibrium situation is actually maintained through a continuous exchange of
temporary elements between the system and the environment. It is a dynamic state
of equilibrium. Homeostasis is the term used to define the overall equilibrium
maintained by a living organism. Such an open system can attain time-independ-
ent equilibrium independent of the initial conditions. We call this the principal
of equifinality; that is, the maintenance of a steadfast goal-orientedness based on
a dynamic equilibrium under changing conditions.

Finally, the concepts of wholeness versus independence continue to be impor-
tant. For the latter, one no longer refers to a system but instead to an aggregate.

If each element of a system has relationships with all of the other elements in
the system, then a change in the value of a property of a random element causes
a change in all of the other elements and thus in the whole system, and so that
system is referred to as being a wholeness. The coherence of all elements in the
system is reflected in the collection of relationships, and therefore in the structure.
The extent of coherence is a property of the structure of the system. This is called
the coherence grade.

Summary

Depending on the goals set by the researcher, a system is a distinguishable collec-
tion of mutually related elements within the total reality. Within the system,
a distinction has been made between subsystems and aspectsystems. The follow-
ing definitions were discussed: state of the system, processes within that system
and system behaviour. The difference between task and function was reviewed.
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Emphasis was placed on the point that in the systems approach one should think in
terms of “functions” being the constituent elements of the system, not the “tasks”
or the “means”. Finally, the problem of determining the system boundary was
discussed.
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Chapter 3
Case: The Flight Department

Abstract. The case in this chapter illustrates the use of the preceding theory,
particularly the black box approach and both qualitative and quantitative reason-
ing. It is a case that was analysed in real life (except for the simulation part). The
data are the real data present at that time. However, a series of extra complications
have been skipped. Readers that are interested in learning more about this case
will find a complete description in (in ‘t Veld and Muller 1966). We selected this
case from the practical experiences of in ‘t Veld as an example, because the actual
results of the analysis can be shown for a period of nearly three years. At the time,
the complete analysis took about three months. The part that is offered here as an
exercise took from two to three weeks. If the preceding theory is applied, how-
ever, this can be shortened significantly, but this theory was unknown at the time.
No technical knowledge is required to solve this case. Although the example pre-
sents a situation from the 1960s, it still is very relevant to our times in terms of
testing other types of airplanes.

3.1 Case History

The Fokker aircraft factory receives, together with some other companies, an order
to construct 350 units of the F104-G Starfighter. The G indicates that this is the
European model, which contains far more electronics than the other models. It is
(or was at that time) a highly advanced aircraft. It is modern mechanically, but
aligns closely with the existing operational and technological experience of Fok-
ker. However, the electronics are completely new. Even in the United States only
two prototypes are flying with these electronics. The customers ask for the deliv-
ery of one airplane every 1.5 working days. With 240 working days in a year, this
means 160 airplanes a year.

H.P.M. Veeke, J.A. Ottjes, G. Lodewijks, The Delft Systems Approach, 29
© Springer 2008
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3.2 Problem Description

Production starts in the first year. In February of the second year the production
line has reached its required production rate of one aircraft every 1.5 days. On
March 1 of that year, 70 airplanes were delivered to the flight department and
every 1.5 days one more airplane is added. During their stay in the flight depart-
ment, the airplanes are tested in the air by test pilots. Any shortcoming that is
detected is repaired by the flight department. When a test flight shows no more
failures, the airplane is marked “off-test”, and after a final check the airplane can
be delivered to the customer.

Although the production line had already produced 70 airplanes, only 20 air-
planes were delivered to the customer on March 1.

Figure 3.1 shows the currents until that date. The upper line represents the de-
livery from the production line to the flight department. The production rate is one
every 1.5 working days, which means 13 1/3 airplanes each month. The lower line
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Fig. 3.1 Production planning and progress until March 1
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shows the real delivery rate to the customer. The dotted line in-between represents
the planning for this delivery. On March 1 the delivery runs 31 airplanes slow with
respect to the planning. In the flight department there are about 50 airplanes at that
moment. Due to lack of hall space (there is only room in the hall for 12 planes),
they are parked on the terrain, which is sometimes covered with snow.

In former contracts, a lead time of six weeks was included for the flight depart-
ment. It was assumed that the weather was always good to fly, which means that
test flights are possible every day. This clause is also included in the F104 contract.
The horizontal distance between the lines for delivery from the production line and
the planned delivery to the customer is therefore six weeks in Fig. 3.1. Now, 100%
good weather will never occur in The Netherlands. To maintain the registration for
each airplane in order to be able to claim the days on which testing was impossible
as acceptable delays is a tremendous job for those 50 airplanes, and so the subse-
quent processing of these data results in a pile of paperwork.

The delivery rate of the production line in Fig. 3.1 is indeed one airplane every
1.5 days. But the trend of the delivery line to the customer is not more than one
airplane every nine days. The customer demands an immediate acceleration of the
delivery.

The questions asked of management were: what do you need in terms of peo-
ple, space and test equipment? Which organisational approach are you going to
apply? Show these data to the customer in an acceptable way.

3.3 Problem Analysis

An analysis of the available data is started, in the hope of producing insight. The
data that are collected are based on a five-day working week:

e The production line delivers one airplane every 1.5 days.

e Three days are required to prepare each airplane for the first test flight.

e The total number of flights until “off-test” (“off-test” means that all systems are
functioning well during a flight and the airplane satisfies all requirements)
varies from three to fifteen flights; on average nine flights are needed before
off-test.

e Each flight takes about 1.5 hours, but pilots are not always available immedi-
ately or an immediate test flight is impossible for other reasons. Therefore one
should take one day of throughput time into account for each flight.

e After each flight except for the last one, the deficiencies need to be solved. The
throughput time for repair varies from one to nine days and does not depend on
how many flights have already been done. The average throughput time for
solving deficiencies appears to be 3.7 days; see Fig. 3.2 for the frequency dis-
tribution. At this stage, it is estimated—after lengthy consideration—that an
average of three days will be feasible at short notice. This will be assumed from
Nnow on.
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3 Case: The Flight Department
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Average throughput time 3.7 days
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Fig. 3.2 Frequencies of throughput times for solving deficiencies after a test flight

Sometimes an airplane expires before starting a test flight: a so-called abort.
This may happen before a random test flight number. Some aborts can be solved
at the starting location and the test flight can still be performed within a few
hours. Sometimes it takes more time to solve the abort: a so-called prolonged
abort. In such a case the plane should return to the hall. Solving such a pro-
longed abort takes just as long as normal deficiencies after a flight (3.7 days). In
these cases, one also counts on a throughput time of three days in the future.
Prolonged aborts occur in 10% of all starts. An abort is not considered a test
flight and is not contained in the abovementioned average number of flights.
After reaching “off-test”, the airplane must be prepared at the flight department
for a delivery check; this takes one day. The actual delivery check takes place
at the production line by the military inspectors present there. “Ready for deliv-
ery check” is the contractual point that is coupled to the clause of six weeks of
unbroken good weather.

With these data, a model can be constructed of the process that takes place at the

flight department. Of course, we should define the goal of the model: which problem
do we wish to solve with the model? Different problems require different models.
The reader is now expected to think the problem over for about 20 minutes and to
answer the following questions. The goal of the model is expressed by the questions.
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Questions

Al Develop a process model for the path of the airplanes through the flight
department. Base it on the normal course during the normal rate of the pro-
duction line of 13 1/3 airplanes each month. Leave the (apparent) arrears out
of your consideration.

Using this model, calculate:

A2 The average number of positions in the hall of the flight department required
for each of the different activities

A3 The average number of test flights that should be performed in order to real-
ise the program each day

A4 The average number of airplanes that should be delivered by the group that
solves deficiencies each day

A5 The average total number of airplanes that should be circulating in the flight
department

A6 The average total throughput time for the flight department assuming 100%
good weather

A7 What are your conclusions with respect to the contract and the available
space in the hall?

Remark

Of course you can include parts of days in your calculations, but not half or quar-
ter flights. A quarter of a flight is a normal flight, because the duration of a flight
is not mentioned in these data.

Answers to Questions A1-A7

Al Develop a process model
Approaching the flight department as a black box, we can only state that one airplane
enters each 1.5 days and that an airplane should leave at the same rate. See Fig. 3.3.
This model is very simple, but we cannot do very much with it. The available
data cannot be placed in it very clearly. Therefore we zoom deeper into one aggre-
gation layer. This is shown in Fig. 3.4.
This already offers a better overview, but the black box for flying and solving
deficiencies is still unclear. Therefore we have to zoom in at that location one
aggregation layer further down; see Fig. 3.5.

—_—» Flight Department F—>
1 each 1.5 day 1 each 1.5 day

Fig. 3.3 The flight department as a black box
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Fig. 3.4 First simple model

Each airplane passes through the loop “fly and solve deficiencies” on average
nine times, plus one more for a prolonged abort (that is 10% of the starts). This
can be drawn as shown in Fig. 3.3.

In Fig. 3.6 the assumption is made that the abort occurs between the third and
fourth flights. Exactly when the abort occurs is not important; it is only important
to know that each airplane suffers on average one prolonged abort, which will
result in 10% aborts on average. Note however that the abort cannot be drawn as
the last one, because after the reasons for an abort have been solved another test
flight is required.
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Fig. 3.5 Second simple model
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Fig. 3.6 Course of an airplane through the flight department

Figure 3.6 is another representation of Fig. 3.5 that is presented here because it
is easy to make a particular mistake. For nine test flights and one abort, deficien-
cies must be solved only nine times. The last test flight has no deficiencies. This
can also be seen in Fig. 3.5.

A2  Using this black box model, Fig. 3.5, calculate the average number of posi-
tions required in the halls

The inspection for the first test flight takes three days. The input flow rate is on

average one airplane every 1.5 days; in other words, 2/3 of an airplane each day.

A throughput time of three days gives: 2/3 airplane per day x 3 days of throughput

time = 2 airplanes in progress. So two positions are required. If the input flow rate

was once every three days then 3/3 = one position would have been required.



36 3 Case: The Flight Department

Questions

1. We change the numbers. The throughput time through the black box “first
flight inspection” is four days and the input rate is three airplanes per day. How
many positions are required inside the black box?

2. The throughput time through the black box remains four days, but the input rate
is changed to one airplane each 0.5 days. How many positions are required
then?

Answers

In the first case, twelve positions are required and in the second case eight posi-
tions are needed.
The calculations above are based on Little’s formula (Little 1961), which is:

N=1xD

Where: N = the average number of elements in a system (read black box)
A = the average input flow rate
D = the average throughput time through the system.

This formula holds for all processes and is always applicable. The significance
of this formula is often underestimated. If during a design process one needs to
estimate how many resources are required for a process, the formula gives a first
estimate of the dimensions. If it is applied when analysing a process for problem
solving (as it is here), it provides an easy estimate of the minimum resources re-
quired to achieve the required performance. If there are more resources in reality
than required according this formula, one can easily calculate the occupation of
the resources.

Returning to the case of the flight department, we now calculate the number of
positions required to solve deficiencies. The throughput time is on average three
days. If it is only necessary to solve deficiencies once for each plane, then 2/3 x 3
= two positions are required. As already shown, it is necessary to solve deficien-
cies an average of nine times for each plane, eight times after a flight, and once
after an abort. So, in order to solve deficiencies, 9 x 2 positions = 18 positions are
required.

The preparation for delivery takes one day and requires 2/3 of a position, or in
reality a position that is free for half a day after a day of occupation.

So, in total, the number of positions required is:

first flight inspection 2 positions
solving deficiencies 18 positions
prepare for delivery 1 position

Total 21 positions
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A3 What is the average number of test flights required each working day in
order to realise the program?

Every airplane should make an average of nine flights. The delivery asks for one

airplane each 1.5 working days, so 2/3 of an airplane a day. Therefore, the re-

quired number of test flights each working day is:

2/3 x 9 = 6 flights a day
This includes the first flights.

A4 What is the average number of airplanes that should be processed by the
group that solves deficiencies each day?

On average, deficiencies must be solved for each airplane nine times, and one
airplane should flow through the model every 1.5 days, so the black box “solving
deficiencies” should deliver an average of 2/3 x 9 = six airplanes each day. The
10% of aborts are already included. This can also be calculated by noting that
according to A2 18 positions are required. So 18 positions / 3 days of throughput
time = 6 airplanes each day.

A5  What is the average number of airplanes that should circulate in the flight
department?
In the black box “first flight inspection” 2 airplanes
In the black box “test flights and abort” 6 2/3 airplanes

In the black box “solving deficiencies” 18 airplanes
In the black box “prepare for delivery” 2/3 airplanes
Total 27 1/3 airplanes

A6 What is the total average throughput time assuming 100% good weather?
In the black box “first flight inspection” = 3 days
In the black box “test flights and abort” 10 x 1 = 10 days
In the black box “solving deficiencies” 9 x 3 = 27 days
In the black box “prepare for delivery” = 1 days

Total 41 days

We can check these results by putting flow rates next to the arrows in the
model of Fig. 3.5. At the input and output side this has already been done, but not
in the loop. At the first node of the loop (left side of Fig. 3.5), 2/3 of an airplane
arrives each day from the “first flight inspection”, as well as six airplanes a day
from “solving deficiencies”. The input flow rate into “fly for testing or prolonged
abort” is therefore 6 2/3 airplanes each day. 2/3 of an airplane arrives off-test at
the node after this black box and then moves straight on, while the remaining six
airplanes move to “solving deficiencies”.
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The flow rate of six airplanes a day that passes into the black box should equal
the output flow rate. So six airplanes leave the black box. With a throughput time
of three days we need 18 positions. The calculations were correct.

Little’s formula not only fits each black box of this model, but it also fits at the
highest aggregation layer to the black box representing the whole flight depart-
ment. The input flow rate there is also one airplane every 1.5 working days (see
Fig. 3.3). We have already calculated that the throughput time through the whole
Flight Department is 41 days. Little’s formula leads then to 2/3 x 41 = 27 1/3
airplanes in the flight department on average. This agrees with our detailed calcu-
lation above.

A7  What are your conclusions with respect to the contract and the available
space in the hall?

When the weather is always good enough to perform test flights, the throughput
time is 41 days, which means more than eight weeks. Therefore, the contractual
six weeks are not realistic and do not satisfy the real values of the variables. The
flight department needs 21 positions in total, while the current hall only has room
for 12 positions. The flight department should therefore be extended. After consul-
tation with management and the customer, it was decided that the values of the
variables presented were reasonable for the aircraft type F104-G and that the re-
sults of the previous calculations should be accepted.

3.4 Complications Due to Bad Weather

Until now it has been assumed that the weather is always suitable for flying. How-
ever, this does not reflect reality in The Netherlands. Sometimes the weather con-
ditions make it impossible to fly on a particular day, and sometimes these condi-
tions continue for more than a day. How do these weather conditions influence the
model? Assuming that the number of positions calculated above are available and
the average number of airplanes and resources are present at these positions, then
what are the answers to the next set of questions?

Questions

B1 What are the consequences of one day of bad weather for the model of
Fig. 3.57

B2 What are the consequences of several (or more) consecutive bad weather
days?

B3  What changes are required in the model to be able to take bad weather days
into account?
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B4  What delays will occur to the throughput time of an airplane in cases B1, B2
and B3? What delays will occur to the complete program of 350 airplanes in
these three cases if the bad weather days occur according to the scheme be-
low? In other words, how many days late will the delivery of the last air-
plane of the series be?

A study of the previous two years gave the following data for the periods of
time for which it was impossible to fly and test an airplane like the F104-G:

Bad weather days in two years:
63 x 1 day = 63 working days

25 x 2 consecutive days = 50 days
11 x 3 consecutive days = 33 days
7 x 4 consecutive days = 28 days
3 x 5 consecutive days = 15 days
1 x 6 consecutive days = 6days
1 x 7 consecutive days = 7days
Total = 182 days

It is assumed the same scheme will hold for the next two years.

B5 What are the consequences of these bad weather days for the results calcu-
lated in A?

Remark
We have to use the assumption that no extra capacity can be obtained by doing
overtime. The data are based on a situation in which the majority of the flight
department works according a two-shift scheme. For these personnel it is legally
forbidden to perform overtime.

You should take approximately 20 minutes to answer the questions.

Answers to Questions B1-B5

B1 What are the consequences of one day of bad weather for the model of
Fig. 3.5?

The black box “solving deficiencies” delivers six airplanes every day, even on
a bad weather day, when no test flights can take place. On these days, the black
box should still be supplied with six airplanes in order to preserve the utilisation of
18 positions continuously. If no test flights are performed then these six airplanes
will be not available. The six positions will stay unoccupied, and the people and
resources on these positions run idle. If the six airplanes were to arrive one day
later it would be impossible to make up arrears, because everything has been tuned
to a rate of six a day and not more. Exactly the average required production capac-
ity is available everywhere. If this capacity is not used for one day, the people will
sit around and twiddle their thumbs, and that day is permanently lost.
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One single bad weather day causes a permanent delay of one day for the whole
program of 350 airplanes. All airplanes including the last one of the series will be
delivered one day late. Actually, one stops the clock in the flight department for
one day and then continues with the same rate. One is not able to speed up the
rate, because the capacity is exactly tuned. However, the clock outside the Flight
Department continues as usual. Another example: You drive your car at top speed
and it takes you two hours to reach your destination. If you were to get a flat tyre,
and the repair took 15 minutes, then you would definitely reach your destination
after 2 hours and 15 minutes. Your car (the resource) cannot go faster than top
speed. The delay of a quarter of an hour will have its effect until the destination.

B2 What are the consequences of several (or more) consecutive bad weather
days?

On the second consecutive bad weather day, the hall will deliver six airplanes

again. This leaves 12 positions idle, because there is no input yet. This day will

also be permanently lost. After three consecutive days of bad weather the hall will

become empty. All bad weather days are permanently lost.

B3 What changes are required in the model to be able to take bad weather days
into account?
The airplanes that come from the black box “solving deficiencies” (from the hall)
cannot be lined up for a test flight because there are still six airplanes waiting for
good weather. The model should be extended with buffer stock in order to store
these airplanes. Therefore, a “wait for testing” buffer is introduced into the model
(see Fig. 3.7). So there are now 12 airplanes in total that were tested earlier and
are waiting for good weather, comprising six airplanes waiting for “solving defi-
ciencies” and six airplanes in buffer 1 that have just left the black box “solving

input

Solving
deficiencies

First flight
inspection A

Buffer 2

Buffer 1

| Wait for Fly for testing
testing Or

Prolonged abort

Prepare for
delivery

Y

Y

Fig. 3.7 Third simple model with buffers (compare with Fig. 3.5)
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deficiencies”; plus the airplanes that have been delivered by the black box “first
flight inspection”. After three consecutive bad weather days there will be 18 air-
planes waiting in buffer 1, six for “solving deficiencies”, excluding the airplanes
waiting for their first test flight, and the hall has become empty. This all happens
fully autonomously. Nothing can be done about it.

However, the only reason for permanent delay is that the black box “solving
deficiencies” has no input on a bad weather day. One could prevent a delay by
keeping six airplanes in a reserve stock between “fly for testing” and “solving
deficiencies” (Fig. 3.7). For this reason buffer 2 is introduced into the model. The
consequence is that one should add six airplanes to the circulation in the flight
department. Every airplane that has been flown will stay in that buffer for one day
before it is fed into the black box “solving deficiencies”. If one chooses to cover
oneself against two or three bad weather days, one should add 12 or 18 airplanes
to the buffer. The model now looks like Fig. 5.7.

If one covers oneself against three consecutive bad weather days by including
18 extra airplanes into the model, then these airplanes will be all in buffer 1 after
three days of bad weather, while buffer 2 is still empty. If it becomes good
weather indeed on the fourth day, then there will be 24 airplanes ready to take
a test flight. The occupation of the pilots however is tuned to 6 test flights a day.
Buffer 2 will stay empty, even if the weather stays good. Inclusion of extra air-
planes into the model only has an effect the first time there are three consecutive
bad weather days; after this a delay will occur after all during the next period of
bad weather because buffer 2 is empty and stays empty. This can only be pre-
vented by pushing airplanes from buffer 1 to buffer 2 at a faster rate than the aver-
age required rate. In reality the pilots are able to perform more than 6 test flights
a day. Moreover, the model only includes the usual five working days per week. If
the pilots would be prepared to perform overtime during the weekends (especially
during the winter with the majority of bad weather days), then there would be
a significant gain of capacity. Essentially we introduce extra capacity at one posi-
tion of the model compared to the average required capacity. By doing this we are
able to realise a higher flow rate. We select the simplest or cheapest position in the
model. In practice this happened in this way.

B4  Which delays occur in the throughput time of an airplane in cases Bl, B2
and B3? Which delays will occur in the complete program of 350 airplanes
in these three cases?

The normal average throughput time was calculated in question A6. It is 41 days in

good weather. Every bad weather day leads to a delay of one day. The total delay for

the program of 350 airplanes equals the total number of bad weather days during the
period of two years. That number equals 182 days, or 36 weeks. Under the condition
of an extra buffer stock of six airplanes, the throughput time of one airplane in the
model of Fig. 3.7 becomes 41 days + 9 x 1 day = 50 days. After every flight or abort
the airplane should then wait 1 day in buffer 2 before it is processed by “solving
deficiencies”. If one covers oneself against three consecutive bad weather days by
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buffering 18 airplanes, the throughput time becomes 41 + 9 x 3 days = 68 days.
Every airplane must then wait for three days in buffer 2 after each flight.

Covering for one bad weather day increases the throughput time by 9 x 1 days.
This also holds for the program as a whole. The last airplane of the series will also
be delivered nine days later. One bad weather day happens 63 times, but these do
not cause further delays, and one day can also be subtracted from each period of
bad weather that lasts longer than one day. The delay of the complete program will
now become:

As a consequence of increase of throughput time = 9 days

63 x 1 bad weather day =0
15 x 2 consecutive bad weather days =15
11 x 3 consecutive bad weather days =22
7 x 4 consecutive bad weather days =21
3 x 5 consecutive bad weather days =12
1 x 6 consecutive bad weather days =5
1 x 7 consecutive bad weather days =6
Total =90 days

Despite the increase in throughput time caused by the increased number of air-
planes in circulation, the total delay will be 90 days instead of 182 days.

When one covers oneself against two consecutive bad weather days, it can be
calculated analogously that the total delay will be only 61 days. The total delay
will be only 47 days if three consecutive bad weather days are covered for. The
throughput time would increase by 27 days (5.5 weeks) in this case.

If we buffer against four, five or six consecutive bad weather days, then the to-
tal delay to the program becomes 44, 48 or 55 days. In other words, the increase in
the throughput time would dominate over bad weather when covering against five
consecutive bad weather days. It was decided to cover the process against three
consecutive days, because there is only a small difference in the total delays for
buffers of three and four days, and because the reliability of the data is poor.

BS5  What are the consequences of these bad weather days for the results calcu-
lated in A?

All calculations made in A stay valid; only the average throughput time increases,

to 41 + 9 x 3 = 68 days (13.5 weeks), and the average number of airplanes in cir-

culation becomes 27 1/3 + 6 x 3 =45 1/3 airplanes.

It is clear from the previous calculations that the number of airplanes in circula-
tion will increase if the output of the model stagnates for some reason. The pro-
duction line however keeps delivering one airplane every 1.5 days. Because of this
the throughput time will automatically increase. The process as a whole will be
less well organised and it will be more difficult to compare it with the designed
model. Therefore, it is decided to keep the number of airplanes in circulation con-
stant. To do this, two “taps” are added to the model. Whenever an airplane passes
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Fig. 3.8 Extended simple model with buffers

the output tap, one airplane is allowed to pass the input tap. So another buffer is
required before the input tap, the so-called refrigerator.

Airplanes departing to the customer can also be troubled by bad weather.
Therefore, a buffer is also needed at this stage. This buffer is positioned behind the
output tap, because this tap represents the contractual point of “delivery”. The
model is now as shown in Fig. 3.8.

In order to continuously gauge whether reality still corresponds to the calcula-
tions in the model, the following variables should be regularly checked against
tables and graphs. As assumed before, the input values are the standards that the
variables should satisfy. These variables are:

Input: one airplane every 1.5 days

Average number of flights until off-test: nine

Average output from “solving deficiencies”: six

% Prolonged aborts: 10% of the starts

Total average number of airplanes in circulation between the taps A and B:
45 1/3 (and the refrigerator should be empty). In times of bad weather some air-
planes may be waiting in the refrigerator

e Number of bad weather days to justify delays: if 47 days of delay, as calculated
before, are accepted, other claims for delays will only arise when there are
more than three consecutive bad weather days.

In order to compare reality continuously with these standards and eventually in-
tervene when necessary, control loops are clearly required. However, they have not
been drawn in the model, because the problem definition does not give rise to this.

Based on this study, the complete pile of paperwork for insurance claims for
each airplane can be abolished. One should simply create and update a table con-
taining the numbers of consecutive days when there was bad weather.
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Section 3.2 stated that on March 1 there were about 50 airplanes in the flight
department and that the delivery was 31 days behind schedule. The schedule was
based on 100% good weather. The previous calculations showed that with a nor-
mal procedure and the existing bad weather distribution there should be about
45 airplanes in the flight department. This means an average throughput time of
45 x 1.5 days = 67.5 days = 13.5 weeks, which is not even close to the six weeks
of consistently good weather. If we compare the actual number of 50 airplanes
with the theoretically required number of 45, we can then conclude that we only
appear to be behind by 31 airplanes. The delivery line of the planning is com-
pletely unrealistic and we would run far behind a realistic delivery line. The flight
department should become overloaded according the model before the required
delivery rate is reached. This argument is strengthened by the fact that the date of
March 1 is the end of the winter period, which has many bad weather days.
Equalizing the score is therefore out of the question.

The delivery rate did indeed start to rise after March 1 without any intervention
in the workshop. That delivery acceleration would have occurred whether or not
we performed this analysis. However, if we would have skipped the analysis we
would not have understood what was really happening in the Flight Department,
and we may have made expensive investments, like adding capacity. These in-
vestments would then have turned out to be superfluous, because the extra capac-
ity could not be used.

3.5 Radar Complications

Our insight into the flight department was improved tremendously by developing
the model and performing calculations based on it. The influences of different
variables are reasonably well understood now. However, the resources required for
each position is still unknown. This should clearly be kept as low as possible. In
addition, we have calculated until now with averages, and the effects of dispersions
in, for example, throughput time and when solving deficiencies (1-9 days with an
average of three, see Fig. 3.2) are still an open question. In particular, radar is the
cause of many complications. When solving radar deficiencies, special positions
that allow the airplane to beam through a window in the wall are required, as well
as test cars costing €250,000 a piece. Only a limited number of positions in the
existing hall can be used for this purpose. This lack of radar test positions should be
taken into account when constructing the new hall, as justified above.

Not every test flight will result in radar deficiencies. Expensive positions and
test cars are not needed then. According to the test flight reports, 50% of the test
flights show both radar and mechanical deficiencies and 50% only mechanical
deficiencies. Radar deficiencies require considerably more time to solve than me-
chanical deficiencies. Figure 3.2 shows the frequency distribution of the through-
put times for all airplanes. Figures 3.9 and 3.10 show the frequencies for airplanes
with and without radar deficiencies separately.
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Fig. 3.9 Frequency distribution of time taken to solve the deficiencies of airplanes with radar
deficiencies

The airplanes with radar deficiencies require a throughput time of 4.6 days on
average (Fig. 5.9), while airplanes without radar deficiencies require on average
2.7 days. The average for all airplanes is of course still 3.7 days.

Previous calculations already assumed an improvement to 3.0 days on average. If
we persevere in this assumption, we should assume an average throughput time of
4.0 days and 2.0 days for airplanes with both radar and mechanical deficiencies and
airplanes with only mechanical deficiencies, respectively. This gives the frequency
distributions shown with dotted lines in Figs. 3.9 and 3.10. While the total number of
airplanes is the same for the distributions given by the dotted and solid lines, in each
plot the dotted (expected) distribution is shifted a little to the left of the solid (actual)
one. Further calculations use the frequency distributions given by the dotted lines.
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Fig. 3.10 Frequency distribution of time taken to solve the deficiencies of airplanes without
radar deficiencies
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Considering the price of €250,000 for a radar test car, it is also important to
check whether this equipment is needed throughout the throughput time for an
airplane with radar deficiencies. We find that this is not the case. The radar test car
is only needed for some of the throughput time. The data for this are shown in the
next table.

Table 3.1 Data on throughput time for airplanes with radar deficiencies

Total throughput time needed Of this, the throughput time needed
to solve deficiencies (days) to solve radar issues

0NN R W
E-SERCSIROS I (O RN (S RN S R

For an airplane with radar deficiencies, it is decided that the mechanical defi-
ciencies should be solved first, before the radar deficiencies are addressed. Other-
wise there is a significant chance that the radar will break down again during the
mechanical repair activities.

What are the consequences of these more detailed data on radar-related
throughput times for the flight department’s model shown in Fig. 3.7? There are
three different ways to adapt the model.

Question

Cl1  What are these possibilities, and which possibility is preferable? (Take about
five minutes to think this over.)

Answer to Question C1

The first possibility is to equip all of the positions with the facilities required to
solve radar deficiencies. However, this solution is very expensive, because all
positions will then need a window in the wall.

The second possibility is to equip special radar positions. The mechanical defi-
ciencies are solved first, and then the airplane is transferred to a special radar posi-
tion. This approach, however, works best when a special position is available when-
ever required. Therefore, a buffer would be required here, which would facilitate
the independence of these types of activities. The model then looks like Fig. 3.11.
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Fig. 3.11 A possible model
for solving deficiencies for

airplanes with and without
radar deficiencies

Solving deficiencies

Mechanical Radar

The third possibility is to fix all of the deficiencies of the airplanes with radar
deficiencies completely at the radar positions, including the mechanical repair
work. The airplanes without radar deficiencies would be prepared at the remaining
positions. In this way, the black box “solving deficiencies” is split into two sepa-
rate black boxes that can function completely independently of each other, and
each needs its own buffer for this.

The last solution is preferable, because although the second solution requires
less radar-equipped positions, the need for a buffer causes extra throughput time.
The independence of both black boxes in the third solution makes the situation in
the department easier to survey, and the area in question will be quieter. The
model of the flight department can now be drawn as shown in Fig. 3.12.
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Fig. 3.12 The final model of the flight department
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In Sect. 3.4 we calculated that deficiency solving requires 18 positions in order
to reach the required rate of six airplanes a day. The distribution between both
radar and mechanical deficiencies and mechanical deficiencies alone was found to
be 50-50. Because of this 50-50 distribution, both black boxes should deliver the
same number of airplanes each day: three each. However, the averages of the
throughput times are 4.0 and 2.0 days respectively. So twice as many positions are
required for airplanes with radar deficiencies than for airplanes with mechanical
deficiencies only. Thus, 12 positions are needed for radar deficiencies and six
positions for only mechanical deficiencies, a total of 18 positions.

As a result, as well as the variables mentioned previously, the following vari-
ables should be checked on a regular basis:

e Output of the black box “solving deficiencies with radar”: three airplanes a day

e Output of the black box “solving deficiencies without radar”: three airplanes
a day

e The distribution between the two categories: 50-50.

Remark

The elements in the final model of Fig. 3.12 are process functions. It appeared to
be very difficult to develop an operations research program from this model. Op-
erations research thinks in terms of resources, the capacity of these resources and
queues before the resource. The concept of “process function” seems to be prob-
lematic. The solution is simple: a process function can also be assigned a capacity
(x tasks per hour) and a queue can be placed in front of it. After this we look for
resources that are capable of fulfilling this function and that have the required
capacity. Just keep the principle of structural indeterminacy in mind.

3.6 Dispersion of Variables and the Required Number
of Radar Test Cars

To manage daily business in the flight department, one needs to know the fluctua-
tions that can occur around the averages that have been calculated up to now. This
means that the inputs of the black boxes are no longer averages, but are the fre-
quency distributions from Figs. 3.9 and 3.10. The following questions need to be
answered.

Questions
D1 Which fluctuations around three airplanes per day in the outputs of both

black boxes for “solving deficiencies” should be considered normal?
D2 How many radar test cars should be bought at €250,000 a piece?
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Remark

The questions can be answered with the data supplied. The reader is invited to
check for himself about how these questions can be tackled. The method would
take too much time (about three hours), and is therefore explained over the next
few pages.

The model is now complete. The last change was a further specification of the
black box “solving deficiencies”. In the model, we have so far always performed
calculations using the average values of the variables. In order to answer questions
D1 and D2, the use of averages is not enough. We should again zoom into one
layer; this time not into the black box but info time. In other words, we zoom into
the behaviour. Instead of working with average throughput times, we now have to
work with the real frequency distribution of throughput times of Fig. 3.9. Calculat-
ing with this distribution is not as straightforward as with average values. The only
solution is to perform a simulation. In the simulation, we follow the course of
business in the flight department for several months on paper or on a computer.
For a better understanding of this way of calculating, we will first present the way
this was actually done in the 1960s, when an appropriate computer tool was not
yet available, so the procedure was performed by hand on paper. Section 3.7 will
explain the way in which it would have been performed now.

12 radar positions are available. We assume that there are 12 airplanes at these
12 positions. Each time an airplane is completed, we assume that a new airplane
enters the position. We now ask what the throughput time of each of these air-
planes is, because it can vary between one and eight days. All throughput times
should also satisfy the frequency distribution of the dotted line in Fig. 3.9.

How do we accomplish this? We must perform a short sidestep into probability
theory.

Assume that six different events can occur. Each event has the same probability
of occurring. In this case we can simulate the events by throwing a die. Each face
of the die represents an event. If we throw the die enough times, each number will
occur the same number of times. The frequency distribution of the events (num-
bers on top) will then look like Fig. 3.13.

So when there are six possible events we can throw a die. For ten possible
events we would need a ten-sided die. Alternatively, tables of random numbers
representing the results of throwing a ten-sided die can be used. An example of a
part of such a table is shown in Fig. 3.14.

Many manuals contain these tables. The numbers O to 9 are equally likely to
occur in these tables.

In the case of the flight department, however, the probabilities of events are not
equal. Figure 3.9 shows that the probability of an airplane having a throughput
time of two days is six times the probability of an airplane having a throughput
time of one day. For the radar complaints there are eight different events, corre-
sponding to eight different throughput times (1-8 days).

Therefore we need an eight-sided die, but the die should also be “loaded”.
When the die is thrown, some numbers should occur on top more often than
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Fig. 3.13 Expected frequency distribution after 6n throws of a die

others. In such a die, the centre of gravity of the die would not be positioned at
the heart of the die.

If the frequency distribution were to change a little, the centre of gravity would
have to be repositioned. This is far too difficult, so we use a table of random num-
bers again. If we select two numbers together, we read Fig. 3.14 horizontally (29,
52, 66, etc.), and essentially get a set of possible results from throws of a 100-
sided die. Again, the probabilities of each of the numbers 0-99 are equal.

2952 6641399297927979591131705624
4167 9524 1545 1396 7203 5356 1300 2693
27307483 340827623563 108969137691
05605246 11126107 6008 8126 42338776
27549143 140590257002611188166446

587028594988 1658 29226166 6069 2763
9263 2466 33985440873860285048 2683
2002 7840169075050423 843087597108
9568 28359427 3668 2596 8820 19556515
8243 157919305026 3426 7088 3991 7151

5667 3513 927062986396 730678987842
1018 689112126563 22015013
684151115688 3777 7354

20412207 4889 7346 2865 1
1879

Fig. 3.14 Random numbers
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Table 3.2 Classification for the random table of airplanes with radar deficiencies (dotted line of
Fig. 3.9)

Throughput time (days) No. of airplanes % of airplanes Random numbers
1 1 4 00-03
2 6 22 04-25
3 5 18 2643
4 5 19 44-62
5 4 15 63-77
6 3 11 78-88
7 2 7 89-95
8 1 4 96-99
9 0 -

Total 27 100

Airplanes with radar deficiencies have eight possible events and the probabili-
ties are not equal. However, we are still able to use the random table by assigning
a series of numbers from the 100-sided die to each of the eight events. This as-
signment should then agree with the frequency distribution of Fig. 3.9. The result
of this is shown in Table 3.2.

The first number in the random table is 29 (which means that 29 is the result of
the first throw). According to Table 3.2, this corresponds to an airplane with
a throughput time of three days. The next throw gives (according to the random
table in Fig. 3.14) the number 52. This represents an airplane with a throughput
time of four days (Table 3.2).

The simulation of airplanes with radar deficiencies can now be initiated. There
are always 12 positions available. The random numbers in Fig. 3.14 correspond to
a particular throughput time, as shown in Table 3.2. We can now draw a graph
with working days on the horizontal axis and airplanes on the vertical axis; see
Fig. 3.15.

To start with, all of the positions are empty. The first airplane has a random
number of 29 and thus a throughput time of three days. This is represented in the
graph by a horizontal line.

The second airplane has four days, the third five days, the fourth three days, etc.
In this way we fill the 12 empty positions on the first day. A thirteenth airplane can
now only be added if the repair of one of these 12 airplanes is finished. This finish
time can be found in the graph. We look again at the throughput time of this thir-
teenth airplane and continue. The situation requires some time to stabilise, because
we started with an empty hall and the input of the first day was 12 airplanes. The
first part of the graph is of little use for the problem. However, stabilisation occurs
quite rapidly, and the model can be assumed to be in a “steady state” after the
seventeenth airplane; see Fig. 3.15.

There are always 12 airplanes in progress. A vertical line on some working day
will therefore always cross 12 horizontal lines representing airplanes in progress.
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Fig. 3.15 The utilisation of the 12 positions by the airplanes with radar deficiencies

Whenever the repair of one airplane is finished, a new airplane enters the graph.
For example, on day 14 the airplanes 23, 24, 30 and 33 are finished and replaced
by the airplanes 31, 42, 43 and 44. The throughput time for each of them is again
determined by the random table. Table 3.1 also shows which part of the through-
put time is spent on radar activities. For example, airplane 18 has a throughput
time of five days and according to Table 3.1 the last two days are required for
radar. In this way, we can simulate the repair work by hand, say, 300 times.

The output should be on average three airplanes a day. So the 300 times cover
100 working days in reality, which is 20 weeks.

The time required for this simulation is only about three hours for two people.
Fig. 3.15 represents the situation inside the black box “solving radar complaints”
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Fig. 3.16 Output per day of airplanes with radar deficiencies (derived from Fig. 3.15; compare
for example day 12, etc.)

for each separate day. From this figure, we can also derive the courses of all im-
portant variables; first of all the number of airplanes that leaves the black box
each day. This is shown in Fig. 3.16. The average output should be three air-
planes a day.

The graph of Fig. 3.16 shows that seven airplanes are delivered on some days
(day 29), and on other days no airplanes are delivered at all (days 10 and 32). The
fluctuations around the average of three airplanes a day are quite large, but one
should consider it to be normal. This becomes very clear when we draw the input
and output in a cumulative way (see Fig. 3.17). The vertical distance between both
lines is 12 airplanes, which represents the work in progress. The angle of inclina-
tion of the output line equals the output rate. The rate of three airplanes a day is
shown by a dotted line.

Figure 3.17 clearly shows that the real output swings around the desired aver-
age line of three airplanes a day. If the output drops to zero once every three
weeks, then there is no reason to intervene by doing overtime or similar.

In order to determine the number of radar test cars, we count the number of air-
planes for which radar activities are being performed on each day in Fig. 3.15.
This count is shown in Fig. 3.18. For example, on day 12 in Fig. 3.15, the radar
equipment of four airplanes is being repaired. For the other eight airplanes only
mechanical deficiencies are being repaired.

Figure 3.18 clearly shows that the 12 positions will never be used simultaneously
to solve radar deficiencies. So there is absolutely no need for 12 radar test cars
which cost €250,000 a piece. The question is: how many radar test cars are needed?
This can be found by finding the frequency of each possible number of occupied test
cars (i.e. one occupied test car, two occupied cars, etc.) for the 20 weeks. The results
are summarised in Table 3.3.

The situation where the radar deficiencies of ten airplanes are being repaired
simultaneously occurs only once in 20 weeks, and can therefore be neglected. The
situation where the radar deficiencies of nine airplanes are being repaired occurs
six times. These occasions are rather isolated and the peaks are sharp. For a group
of two workers it should be possible to deal with these situations by performing
overtime. Beyond that, the probability that peaks in bad weather and peaks in
radar repair activities would coincide is very small. By using buffers, the need for
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radar test cars will also decrease a little. It was therefore decided that eight radar
test cars would be bought for the positions.

The consequences for the idle time of the employees can also be calculated
from these figures. We do not pursue this matter further here.

In this case we have only analysed the functions necessary for the process. We
have determined the required capacity for each process function. Therefore, we
have only elaborated the “furnishing” of the system. To do this we have only used
the theory as described in Chap. 2. A next question could be: “how do we control
this process?” The standards and tolerances for the variables are determined al-
ready. Only the control loops need to be added to the model.
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Fig. 3.17 Cumulative graph of the airplanes with radar deficiencies at the 12 designated posi-
tions. Dt = throughput time. (Derived from Fig. 3.15; compare for example day 12, etc.)
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Table 3.3 Number of days over a period of 20 weeks that a certain number of radar test cars
were being used to correct airplane radar deficiencies

Number of radar test cars Frequency that this number ~ Number of airplanes for which
being used to correct radar  of radar test cars was in use  only mechanical deficiencies are
deficiencies (in days) being repaired

1 2
6
13
23
15
15
18
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3.7 Results in Practice

In this elaboration of the case, we neglected the consequences of the dispersion of
the number of test flights around the average of nine flights until off-test. The
troublesome problem that an inspection before a flight is only valid for three cal-
endar days has not been considered at all. In principle the flight department is
closed during the weekend and all calculations are based on working days. An
airplane that becomes ready on a Friday after solving deficiencies should ulti-
mately fly on a Monday. If Monday is a bad weather day, then the airplane should
be inspected again. However, all of these complications can easily be incorporated
into the model and solved. The final results of these modelling studies and calcula-
tions were presented orally to the management and the customer. There was no
time to present a written report. One agreed with the conclusions within a few
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days, and within two months from the start of the study, tenders were invited for
the construction of an extra hall and all equipment was ordered.

The model as developed in Fig. 3.12 was painted on a steel plate. Magnetic
disks carried the airplane numbers. One registered the state of affairs hourly from
a central point in the flight department. When a magnetic disk left a black box, it
was scored on a counting tag at that position. The different graphs like Figs. 3.16
and 3.17 could be updated at night very quickly.

The steel plate model contains the different functions in the process as ele-
ments. Within such a process function, the flowing elements—the airplanes—can
still be at several physical locations. The model only represents the aspect system
of process functions. In order to represent the geographical aspect, another model
was required. This model shows where each airplane is exactly positioned on the
department’s territory. A normal floor plan was used for this purpose. Every plane
that entered the flight department was assigned a magnetic disk in the first model
and a token in the shape of an airplane in the second model. For both models, one
and the same person kept the “score”. In order to guarantee that the models agreed
with reality, this person had a wired intercom connection with all airplane posi-
tions and a wireless connection with all truck drivers. The truck drivers were only
allowed to accept from him an order to drive an airplane to another position.

The operations manager of the flight department based his decisions mainly on
the state of affairs depicted by the steel plate model until the end of the project.
The main cause of this was that this manager had participated intensively in creat-
ing the model and had joined the manual simulations; the manual simulations
appeared to be particularly probing. One imagines oneself to be part of the simula-
tion. If one decides to do only a computerized simulation, this learning curve dis-
appears completely. The computer tends to distance people from the problem. The
procedure described in Chap. 6, where behaviour descriptions can be discussed by
everyone involved, may provide a big contribution. The study as presented here
and different manual simulations vary only one variable at a time. In order to see
what the results would be if all variables were varied at once, a computer simula-
tion is required, although these vary according to known frequency distributions.
In the computer simulation, the number of test flights until off-test vary for each
airplane; for each flight the number of days taken to solve deficiencies varies; and
in addition the number of consecutive bad weather days varies. This cannot be
executed manually anymore. Besides this, it is important to pass through the
whole course, up to and including the last airplane of the series, in order to get
a proper overview of the project. Several computer runs are required for this, be-
cause the course will be slightly different each time. An expected delivery zone
will originate instead of one delivery line.

The rest of the project took place exactly according to the results of the model.
The delivery rate became even faster than the expected zone around the delivery
of the two-hundredth airplane, mainly because the number of test flights until off-
test decreased, although also because the throughput times decreased a little with
experience. When the required production rate was reached, an investigation of
whether it was possible to improve the process, particularly the throughput time in
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the Flight Department as a whole, was then performed. There are two possibilities
for achieving this: shortening the throughput times of “solving deficiencies” or
trying to decrease the number of test flights until off-test. The effects of these
changes were simulated on the computer for different values. One then executes
simulations with the model for different policy options and looks for the option
that has the maximum effect on the results for 350 airplanes. These experiments
are sensitivity analyses in a way. The experiments showed that decreasing the
number of flights until off-test would have the maximum effect and would proba-
bly cost the least. It was decided that this option would be selected as the main
target. In order to realise it, all deficiencies that occurred more than three times in
different airplanes were analysed and work into improving the technical design of
the airplane or the test equipment or improving the test procedures was started.
There is one more question that one could ask: why didn’t we discuss a more
recent situation of a flight department or an analogous situation? The answer is
simple. We could only find less complex cases, and in these cases all sorts of re-
finements in the model would be missing. These refinements are the ones that best
illustrate the process of zooming into the function black boxes and into the phase
system. The reason that the current situation is simpler is that flight electronics
have improved significantly since the F104-G was built. For the F104-G, the
MBTF (mean time between failures) of the radar was around three operating
hours. This has increased enormously since then. In addition there was a big prob-
lem in the coupling (the marriage) between the different electronic systems. When
each system operated within its tolerance, there was no guarantee at all that the
combination of systems would function within its final tolerance. Often all sorts of
extra controls were required which are now not needed. These developments re-
sulted in a far smaller dispersion of several variables than required during the
1960s, and because of this the whole system has become less complex. The F16
for example required only four flights until off-test and a maximum of six flights.
As an illustrative example, we still prefer to use the most complex case we know.
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Chapter 4
Models for the Structuring of Processes

Abstract. In this chapter, a basic conceptual model will be developed for the
structuring of processes according to the definitions and systems concepts of
Chap. 2. This so-called steady-state model describes the concept of a function (i.e.
system) for any repetitive industrial process. The model covers one aspect only
that should be selected beforehand but can be applied to all aspects involved. It
appears that the system border is not a boundary line, but a border region. Besides
this, the function may contain two control regions, the process control and the
function control. The one-aspect model will always control the facets quality and
quantity, and can be adapted to control other facets too, such as throughput time.
The application of the model will be illustrated by a health insurance process.

4.1 Process Types

We distinguish three types of operational processes in industrial systems:

e FExecuting processes. These processes contribute directly to input, to transfor-
mations during throughput, and to output.

e Supporting processes. They provide both people and resource flows and their
maintenance. Not just the maintenance service but also the purchasing of re-
sources and the tools, the recruitment of personnel, training, etc, all belong to
this type of process.

e Controlling processes. These processes should gear the activities in the execut-
ing processes to each other, but they should also gear the supporting processes
to the executing processes and gear all internal processes to the environment.

Each process has its own input, throughput and output and is sometimes as-
signed to separate subsystems.

H.P.M. Veeke, J.A. Ottjes, G. Lodewijks, The Delft Systems Approach, 59
© Springer 2008
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4.2 Determination of Subsystems

As soon as the main process (the primary process) is established, the functions that
should be fulfilled in this process are defined. The activities for one particular
process function are often then collected into one subsystem (assuming that this is
the best solution).

The concept of a (sub)system implies that there is a border to distinguish it
from its environment. However, if we observe a difference in shape, in position, in
measurement, etc., between two points in a process, then it does not necessarily
mean that these points are logical borders of a subsystem.

Miller and Rice (1967) point out that a true system border implies a disconti-
nuity. They hypothesize that this discontinuity on the border shows a change of
technology, position, time or a combination of these. This not only holds for the
subsystems in the executing process, but also for the subsystems in the supporting
and controlling processes. Such a border constitutes, for example, a technologi-
cally unavoidable waiting time, such as hardening concrete or waiting for the
receipt of an order. The border may also constitute a transfer of a machining op-
eration to a surface treatment. We can also find borders by looking for a narrow-
ing in the flow.

For example, numerous data from different departments are required to write
a purchase order. All of these data come together in the purchase order to the sup-
plier. After that a waiting time appears. Over time a payment demand should even-
tually be made. When received, all kinds of data should be sent to the different
departments. We can thus clearly separate the purchase department from goods
reception. It is very logical to add the payment demands to goods reception in
order to prevent the payment from being demanded when the order has already
been received. Beyond that, the purchase order is a clear border point. If we add
payment demands to the purchase department, then more data flows are needed
through the borders of the subsystem than when it is being done by goods recep-

Fig. 4.1a Writing a purchase E%E
order

Fig. 4.1b The creation of an
assembly
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tion. In the latter case, the responsibilities are clearer and the departments are less
dependent on each other.

Another logical reason for selecting a system boundary can be a check that
needs to be executed somewhere. No matter how much mechanisation and automa-
tion have been implemented, there will always be a point where a rest in the proc-
ess is unavoidable; a rest where checking the output of a process of a (sub)system
cannot be mechanized. A system boundary can clearly be defined there.

In other words, it makes sense, depending on the researcher’s goal, to select
(sub)systems that can constitute more or less autonomous parts. This partition
does not have to correspond to the existing partition between departments.

It is important to define the borders clearly, because different people will define
them at different positions. This will lead to overlap and differences of opinion or,
even worse, to gaps in the flow with numerous entanglements.

A (sub)system keeps its elements together in a meaningful way and maintains
its borders via controlling processes. Miller and Rice distinguish:

e Internal controlling processes
e Border-controlling processes.

Miller and Rice call the border-controlling processes “boundary control”. These
processes appear around and on the system borders and are required to control
both the input and output transactions through the borders.

Beyond that, both the input material and the data often need to be reshaped be-
fore it can be handled by the system. This boundary control is therefore posi-
tioned externally with respect to the executing processes, the real transformations
(Fig. 4.2).

In its purest form, the boundary control only allows items that are essential if
the goals of the system are to be achieved. In practice this is impossible. There is
always a certain degree of border permeability. For example, people are not
locked up in the system.

Boundary control is very difficult when there is no discontinuity in the process.
The partition may not survive as a (sub)system, because it is too dependent.

Boundary control

input Qutput

I Executing activities

Fig. 4.2 Boundary control
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4.3 System Control

Miller and Rice call the internal controlling processes “monitoring”, but this is not
correct. In cybernetics, monitoring is only observing; watching the state. It is
measuring in order to stay informed, but no interference will take place based on
these data. However, within the system measured is also being performed in order
to enable control; to process in a controlled manner.

We distinguish four essential aspects that enable a process in a system to be
controlled properly:

e There must be an objective; we need to know which output or which state we
want to achieve with the system
The system must be capable of realising this objective
It must be possible to influence the system’s behaviour in one way or another

e The relationship between the interference and the resulting behaviour must be
known.

In order to provide the functionality for all of these aspects, the control func-
tions will now be discussed in detail.

4.3.1 Function Control

The objective here is a direct reflection of the requirements of the system, as de-
picted in Fig. 2.5. They should be translated into measurable standards for use in
the system. This is the goal of the initiating function.

The real results of the process are measured in terms of these standards. If the
results do not satisfy the standards, the deviation is analysed and the standards
may be adapted. The results should again be expressed in terms of the original
requirements in order to give higher echelons the ability to judge the performance
of the (sub)system. The function that performs these activities is called the evalu-
ating function. The combination of the initiating and evaluating functions is called
function control (Fig. 4.3).

The role of function control in the (sub)system is to translate the rather abstract
requirements or goals into concrete standards for the material flow.

The demands that the environment places on the fulfilment of the function can
enter the system as clearly defined requirements. For example, the tax inspector,
the environment, exactly determines the tax sum that the family system must pro-
duce as output for a certain input. The internally defined standards are equal to the
externally defined requirements. It is also possible that the system itself must de-
duce those standards from vaguely formulated requirements from the environ-
ment. Then, only information about requirements enters the system, and a function
is needed that deduces the standards employed by the internal system from this
information.
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Fig. 4.3 Function control

This usually means a change of time horizon. For example, the requirement for
a container terminal is to transfer 500,000 containers a year. This requirement
cannot be used as a standard for daily operation. Obviously a cascade of initiating
functions (at several levels of management) is needed to translate this into a stan-
dard for an operational shift.

We indicate this functionality with the initiating function. Actually, this should
be an “initiative-taking” function. However, the former nomenclature is so well-
established in The Netherlands that it is used anyway. In this thought process, the
initiating function also lies within the system in the boundary zone.

The initiating function should preserve the functionality of the system. The re-
quirements are formulated by a higher echelon of control and by research and
development. Developments in the technological, organisational or informational
field may change the capabilities of the system and therefore other standards may
be required.

If the results are regularly insufficient, the requirements may be infeasible, and
so maintaining the standards at the same level would violate the second control
condition. So function control is also responsible for guarding the “feasibility”.

Setting a standard through the initiating function is actually of little use when
measurements and evaluations are not made on a regular basis to check whether
that standard is (still) correct. In practice, the standard is only a temporary yard-
stick. Changes in the needs of the environment and changes within the system
itself may require a change in the standard. Regular control must therefore take
place from the external layer to see whether there is still compliance with the
given standard and whether the standard, in view of the requirements, is still cor-
rectly adjusted. When the standard is continuously not adhered to or when the
requirements appear to change, we should check why. This is done via the evalu-
ating function. 1If the standards appear to be incorrect or out-of-date then the
evaluating function passes this on to the initiating function. The latter sets new
standards and informs the comparison and control functions. In addition, the
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evaluating function passes on the results, often in a summarised aggregated form,
to the evaluating function of the echelon control loop just above.

Starting from the requirements, the initiating function must determine the stan-
dards and the decision rules for the executing process. This involves the use of
standards for the quality as well as the quantity. Also, there is an exchange be-
tween both of these that must be taken into account. Other facets need to be con-
trolled in addition to quality and quantity. These facets and their standards must be
deduced from the policy and adjusted to the nature and set-up of the primary proc-
ess. The initiating function must also determine the facets for which it must set
standards. The policy can, for example, provide guidelines for the required effec-
tiveness, productivity, flexibility, throughput time, delivery time, stock position.
The model developed thus far is explicitly valid for an aspectsystem and the facets
of quantity and quality. We can thus work with different (partial) models for vari-
ous other facets, such as throughput time. As a result, different initiating functions
also emerge for the different facets. The nature and set-up of the primary execut-
ing process and the policy determine which controlling, initiating and evaluating
functions are necessary for which facets. The existence of an orderly, equipped
primary process is crucial in order to limit the complexity of the control.

When concretely defining standards, we must consider that when the standard
is set too low, a slackening usually occurs. If however the standards are set too
high, than overstretching, disappointment and finally resignation results. We must
never ignore this psychological side of the level of the standard to be set. If the
standards are determined by all parties involved in the control functions and in the
executing process, then they will more easily believe in them and more readily
apply themselves towards realising the standard that they have helped set them-
selves compared to when that standard is merely imposed by an external body.

Also, when all of the employees collectively determine the standards, then the
employees fulfil the initiating function at that moment. They are both workers in
and controllers of the process.

The evaluating function serves to compare reality with the standards that have
been set. When deviations between reality and standard occur too often, the evalu-
ating function must trace and analyse the cause of those differences. If the stan-
dard is indeed set incorrectly then this is passed on to the initiating function, which
then reviews the standard. In general, the evaluating function does not respond to
a one-off, isolated deviation from the standard.

In addition, the evaluating function must continuously check whether the exe-
cuting process is still attuned to the requirements of the environment. It thus
measures the (internal) possibilities and the (external) desirability of the quantita-
tive and qualitative standards, respectively. In this way, it also establishes whether
there is an increase or a decrease in the quantitative needs of the environment, as
stated at the beginning of this consideration. If the quantitative needs are reduced
to zero—that is, the environment no longer needs the current output from the exe-
cuting process—then the standards also become zero and the complete process
comes to a standstill. The system has lost its right to exist in order to satisfy this
requirement. This can happen even when the people and the resources in the
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system can still fulfil their functions. If we still want the system to continue, we
must discover other demands—other goals that can be fulfilled with the same
(or adjusted) people and resources. New information about requirements and/or
new standards enters the system from functions that are concerned with that de-
velopment, or the system may even be newly equipped. The initiating function can
then also arrive at new standards as a result of the information from the develop-
ment functions.

4.3.2 Process Control

Function control does not react to disturbances. It assumes an ideal (or best esti-
mate) situation, namely that no exceptional disturbances will take place after the
standards are defined. In practice, disturbances will always occur at random or the
pattern of disturbances may change (by decay, by external circumstances, etc.),
and the system must react to that. The best estimate situation will generally not
occur, and in order to deal with this situation, process control is introduced (see
Fig. 4.4).

Process control consists of two forms of control. The first is feed forward; see
Fig. 4.5.

Here, the disturbance is determined, after which we compensate for the influ-
ence of the disturbance. The disturbance can occur in the input or during the
throughput. The disturbance can occur upstream or downstream with respect to the
intervention. This should be symbolically presented as drawn in Fig. 4.5. The key
point is that the disturbance is measured and that from this measurement the com-
pensatory intervention can be determined. Cause determines intervention.

The second form of control is feedback; see Fig. 4.6.

The value or state of the output is measured in this control loop. This real situation
is compared with the standard situation, in a comparison organ. The real situation
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Fig. 4.5 Feed forward, symbolic representation

is the state as it actually is, not as one thinks it is. The standard situation is the
state as it must be. In the case of a detected deviation between reality and the stan-
dard, this information is passed on to a control function. This control function
determines the intervention such that we may assume that the output value or the
state will adhere to the standard afterwards. This is feedback (reacting). In this
way, we also react to unknown and immeasurable disturbances that occur during
the throughput. We actually measure the consequence of the disturbance and not
the disturbance itself. Result determines intervention.

Note the different representations of measurement functions in feed forward
and feedback. Measurement for feed forward can take place anywhere in the input
or throughput, even in external conditions (like the weather). Measurement for
feedback can only take place in the output. This is why the latter measurement is
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Fig. 4.6 Feedback, symbolic representation
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represented by an ellipse with a single input arrow. The intervention function can
intervene anywhere in the system, so this is represented by an ellipse with output
arrows in all directions.

We generally control at least two facets, namely quantity and quality, and some-
times also throughput time. While it is executing, a system cannot deal with more
than is possible with the given persons and resources, or handle it in another man-
ner. Also, the controlling processes themselves have inherent limitations. A system
is then also only controlled within its control possibilities.

The measurements, with respect to the feedback, must take place at the end of
the executing process; otherwise a feedback loop is not drawn over the complete
process. That is why multidirectional arrows are not drawn to the measuring func-
tion, unlike in the case of the feed forward loop; just one measuring point is drawn
in the output stream. This must then also mean the stafe measurement of the exe-
cuting process, because the possibility of drawing everything in one model is quite
limited. The feedback loop can also carry out interventions in the process or in the
resources.

Also, the executing process itself must of course possess standards to which the
manufactured product must conform. In addition, there must be standards for the
number to be produced per unit of time, the throughput time, etc., and for the re-
quired state of people and resources.

A system is stable based on certain values of its variables when these variables
are inclined to remain within predetermined boundaries. A system can be stable in
certain aspects but instable in other aspects. It is nigh on impossible to continu-
ously realise a certain, absolutely, exactly set standard value with feed forward or
feedback. Therefore, the set standard will always be a range with a lower and
upper limit. That is to say, there is a tolerance area. If the interference or the out-
put stays within this tolerance then no deviation is signalled and thus no interven-
tion takes place. In quality management we use random checks and/or statistical
methods to determine whether the process remains within the tolerance limits and
or whether a shift is beginning to appear. If so, we can take timely corrective
measures in the process so that we do not need to wait on actual rejection before
we intervene in the process.

We must be careful with the intervention in a system with feedback. It does, af-
ter all, take some time (the duration of the transformation process) before the im-
pact of the intervention is measured. The risk of over-compensation and swing-up
exists. This phenomenon is firstly dependent on the time required for the total
transformation and control process, and secondly on the change in the cause of the
deviation over the course of time. We must be aware that this is a dynamic phe-
nomenon, although this is difficult to convey in the static drawings of this book.
This can only be discovered through behavioural modelling. In the following ac-
count, the reader will be required to imagine certain phenomena flowing through
the static, sketched scheme.

The feedback system depicted in Fig. 4.6 is a company. The company’s stan-
dard output is 100 kg of product per day. The standard is, in this particular case,
related to a desired flow rate of the output and not to a state of the system. The
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throughput time of the transformation process is three full days. The company
operates over weekends too. In order to realise the production output, 100 kg of
raw material must be fed in. The desired, constant flow rate of the output (stan-
dard) is thus only dependent here on a regular input flow rate. Today, Monday
morning, 110 kg are actually fed in due to coincidental circumstances in the sup-
ply (see Fig. 4.7).

The consequence of this is that three full days later—Thursday morning—110 kg
come out. This is measured by the measuring function (Fig. 4.6) and the com-
parison function concludes that there is a deviation of +10 kg from the standard of
100 kg. This information is sent to the control function. It takes two full days for
this message to arrive at the control function. Based on this message, “10 kg too
much is coming out”, the control function decides to intervene by closing the input
tap by “10 kg”. This therefore occurs on Saturday morning. If the input at that
moment is still too much, namely 110 kg (the input is not measured by feedback)
then the action taken is correct, and three days later the intended 100 kg actually
comes out.
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Now suppose that the input fluctuates regularly, for example on Monday it is
110, Tuesday 90, Wednesday 110, Thursday 90, Friday 110, Saturday 90, Sunday
110, on the second Monday it is 90, the second Tuesday 110, and so forth. The
moment that the control function, on that Saturday morning, decides to close the
tap by 10 kg, the input is actually 90 kg. The control function does not know this
and still closes the tap by 10 kg. The input thus becomes 80 kg. The result of this
is that, once again, three days later, on the second Tuesday morning, only 80 kg is
emitted from the process. The intervention has amplified the deviation instead of
decreasing it. Due to the flow time required for process and control information,
the incorrect response is made with respect to the actual situation at the input. That
information on the second Tuesday of “20 kg too little” again requires two days to
arrive at the control function. This then decides, on the second Thursday morning,
to open the tap by 20 kg because too little is coming out. The input is, on that
Thursday, actually 110 kg. By opening the tap the input becomes 130 kg. As
a result of the flow times and the regularity of the input fluctuation, the tconrol
increases the deviation instead of returning it to the standard. In this case, the
feedback amplifies the deviation. We call this positive feedback. This is summa-
rised in tabular form in Fig. 4.7.

When the deviation signal received by the control function in a system under
feedback has the same sign as the deviation occurring at that moment in the input to
the intervention function, than one refers to positive feedback, and the deviation can
become greater and greater until the system explodes. If these two values have op-
posite signs then the system returns to the standard. We call this negative feedback.

We should not confuse “negative feedback” with “feedback™, as is often the
case. In a system under feedback, both positive and negative feedback can occur,
depending on the parameters.

In addition, it is worth pointing out that in the previous example, this swing-up
effect disappears when one reduces the flow time of the signal from the compari-
son to the control function to just one day. This is the normal reaction in a com-
pany when such an instability appears. One deems that the information must be
more readily available. In this case, using this combination of flow time and input
fluctuation, one can also genuinely stabilise the system, realising negative feed-
back, by extending the signal flow time to three days. This approach uses not
faster but slower and more precise information flow. This system is unstable for
this input fluctuation if the sum of the process throughput time and the signal flow
time is uneven, but stable when the sum is even.

In the example provided in this section, the cause of the instability was the de-
lay in the signal time. A second cause of instability could be an intervention that is
too strong.

Also note that positive or negative feed forward can occur in feed forward due
to intervention.

Of course, the measuring point must be able to measure the necessary quanti-
ties; however, the accuracy and sensitivity of the measuring point, the measuring
function, also play a role. Usually, the less accurate the measurement, the worse
the results of the control. An increase in the accuracy above a certain level does
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not, however, lead to an improvement in the results. That level depends on the
properties of the other elements in the whole system. Furthermore, disturbances
can take place in both the process and in the signal path. In communication theory
we talk about “noise”. Noise is an undesirable signal that is generated internally in
the system. Both the ratio of the signal strength to the strength of this noise and the
location of origin of the noise with respect to the measuring point influence the
correct functioning of the process control.

It is theoretically possible to show that noise that originates in the measuring
point is more damaging than noise that originates in the control function. Inaccu-
racies in the measurement of the information are comparable with noise in the
measuring point. The accurate capture of the information is therefore more impor-
tant to process control than the existence of inaccuracies (noise) in the control
function.

In general, a separate control loop is necessary for each facet of the executing
process that we want to control; the same goes for the functions to be fulfilled in
the boundary zone.

The control loops discussed here are always applicable when we want to con-
trol a particular facet in the process of an (aspect)system based on standards.
These control loops are valid for all facets in the process that we want to control.
They control facets in a process in an (aspect)system. These loops are valid for the
control of facets such as quantity, quality and throughput time in aspectsystems
such as the technological production process, but also in clerical processes, for
money flows, space management, personnel training processes, maintenance,
improvement in the climate at work, etc.

The combination of function control and process control ensures that the proc-
ess can repetitively perform in the correct way. This depends, however, on the
four control conditions:

The need that must be fulfilled, the goal of the system, is known

An equipped transformation function is available that is in a position to realise
the target state

There are ways to influence the system’s behaviour

The relationship between the intervention and the resultant system’s behaviour
is known.

Function control and process control ensure that this executing process contin-
ues to fulfil this need in a controlled manner. The system must therefore have
a steady state; that is, the behaviour must be repetitive in time and it must consis-
tently remain focused on the goal, based on a dynamic balance under changing
circumstances, equifinality; see Sect. 2.6. From now on, when we speak of the
executing process, then we are referring to the process for which we wish to con-
trol a certain facet. This process could be product manufacture, the delivery of
services, a clerical process, the training of senior management, or the improving
the motivation of employees, etc.

Industrial systems and subsystems in industrial systems have goals. These goals
are mostly to fulfil certain functions in the environment, the system just above this
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one. The requirements of this environment must then be translated into useable
standards within the (sub)system.

The outputs of the executing processes that actually realise the goals must
comply with the standards. Disturbances can occur in the input as well as during
the transformation itself and in the output. The output or the state must ultimately
comply as closely as possible with the standards that have been set. To that end we
must be able to control the complete process. The goals are closely related to the
aspectsystems to be distinguished. We can usually identify various facets (such as
quantity and quality) that must be controlled in such a process within an aspectsys-
tem. We attempt to set standards for each of these facets, and accordingly enable
the process to take place in a controlled manner.

In feedback, see Fig. 4.6, the value of the output or of the state determines the
eventual intervention. The throughput time of the process and the signal flow
times are important influences on possible swing-up effects. To enable the execut-
ing process to occur in a controlled fashion, we measure the output and compare
that value with a set standard. In the case of a deviation, an intervention that is
determined by the control function follows. To do this, the control function must
have a memory and a behaviour model for the system. This feedback control loop
is located outside the executing process.

4.3.3 Boundary Zone on the Input Side

The input is often provided in a form that the executing process cannot handle.
Therefore, the input must first be made suitable for handling. We achieve this, in
its most general form, with encoding. For example, it may be that the executing
process can only work with the English language. However, the information pro-
vided, such as a specification of the requirements, is actually in Spanish. There-
fore, in the encoding function, the input must first be translated into English. It
may also be the case that the input is composed of great lumps of material but the
executing process can only handle fine-grained material. The input must first be
ground down in the encoding process.

Each aspect has a quantitative facet and a qualitative facet in its intended result
(the standard), and these can be interpreted as the quality and quantity of each
single element entering the system or of the repetition of occurrences for the input
flow. Both must therefore be combined in one model. The first one is handled in the
boundary zone on the input side, and the last is interpreted in process control.

After the encoding, the input is tested in a filter against a quality standard that
is based on the requirements and possibilities of the transformation function. This
test can only take place after the encoding function because we cannot process the
uncoded input and so we cannot judge it. When the quality is unacceptable, it
must first be brought up to standard. When this is not possible, the input is re-
jected and returned to the environment. When the quality is high enough, the
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input is accepted. When the quality is higher than required, the system may choose
between accepting it, eventually at a higher cost, or refusing it.

In this filter, testing is performed against a standard and the input is accepted
when it lies between certain folerances. The filter chooses between “yes” and “no”.

When the quality of the input is accepted, quantity control begins. Quantity
control can only take place after quality control because unusable inputs would
otherwise be counted as being suitable for transformation. Only approved inputs
reach the measuring point. The measurements are compared with a standard. If the
supply is too large, then the surplus is stored in a buffer so that exactly the right
amount enters the transformation. All sorts of intermediate possibilities between
yes and no exist, in contrast to the filter. Depending on the standard, the excess
created in a period of high supply is stored such that stock is generated for leaner
times. This buffer function must be located behind the quality filter because it is
pointless to set unusable input aside as stock. We should continue to regularly
control the quality of the input stored in the buffer. For example, it may decay and
thus eventually become unusable in the transformation. This buffer is used to
insure against future risks. Some may even use stock to insure against the risk of
war or future strikes: this is termed “strategic stock”. Sometimes stock is used to
create gains on the expected increase in the price of the input: this is called
“speculative stock”. The existence of stock is always accompanied by unavoidable
waiting times for the material. Boundaries are also set for that stock by the dimen-
sions and strength (financial strength among others) of the system. Also, with
stocks it is important to judge whether the investment renders enough or covers
enough risk to justify the expenditure. When the buffer is full, then the pressure in
the supply pipes builds up again until the strength boundaries are exceeded and
a crack appears. To avoid this, a safety function on the input side is also required
that opens when the buffer is full and when the pressure exceeds a certain set
value, a standard. This safety function can work automatically but may also be
manually operated; for example, when one decides to outsource the excess of
work. All of this can be drawn in model form (Fig. 4.8).

Standards

Y

| | Transformation |\
1] Encode \ Buffer / function v

4 o
Fig. 4.8 The boundary zone on the input side
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All of this occurs before the actual transformation begins. It is a part of the
boundary-regulating system that brings the form, quality and quantity of the input
to within the values required for the transformation. It is thus clear that for a sys-
tem we cannot speak of a boundary line with the environment, only a boundary
zone where the functions described above must be fulfilled.

Thus far, the boundary control has been on the input side.

4.3.4 Boundary Zone on the Output Side

It is the intention that the “controlled” system produces an output or state that
complies with certain qualitative and quantitative criteria. This control loop con-
trols both facets. Before we quantitatively measure the output, we should first
control the quality of the output in a filter. When the output is qualitatively incor-
rect it can lead to rejection. The product is then either discarded as scrap in the
environment or corrective treatment is carried out to bring the product up to
scratch. The product then sometimes passes through all or part of the transforma-
tion again. Sometimes the missing bit is added in a separate department. To show
this in the model, a symbol for “add the missing” is added to that filter.

When the quantity of the output is too high, the system can often temporarily
store the excess in an output stock until the environment can absorb that quantity.

Stocks play a tuning role in the total process of input, throughput and output.
The principle function of stock is the separation of the input from the throughput
and of the throughput from the output. It is thus clearly a buffering function. In
general, we can accommodate short-term fluctuations in the demand more cheaply
in reserve stocks than in reserve production capacity. Stock is a temporary element
whereas reserve capacity is actually a permanent element in the system.

In the literature, one only refers to stocks on the output side. On the input side
one studies the waiting times. Stocks and waiting times are actually inextricably
linked to each other and must be discussed together. We refer to the literature for
more on this problem.

On the output side, the chance of an excess (too high) pressure occurring is
again present, necessitating a safety function. When that opens it can cause diffi-
culties in the environment and for the system. This safety function must receive
a standard, just like that on the input side. Further, the possibility exists that the
result of the executing process is not immediately suitable for acceptance into the
systems of the environment. In that case, an adjustment may still be necessary. We
indicate this with decoding. These last three functions again lie in the boundary
zone. The output boundary zone is drawn in Fig. 4.9. When there is a chance of
a disturbance in the decoding it seems advisable to place the buffer and the safety
function after the decoding function.

When filters or safety functions discharge something into the environment it
will be necessary, in many cases, to report this to the environment. The environ-
ment can then take appropriate measures.
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Fig. 4.9 The boundary zone on the output side

We have now further unravelled the content of the boundary zone. The control
processes have been positioned with respect to the executing process. The control
loops of Figs. 4.5 and 4.6 are symbolic simplifications.

Remark

When the transformation process is lengthy, such as that used by a company, then
controlling by feedback alone is usually not enough. In companies and organisa-
tions, a combination of feed forward and feedback is almost always applied.

When the transformation process is lengthy and is made up of many different
activities, we can split the total process into a series of subsystems. Each subsys-
tem can have its own control loops, as shown in Figs. 4.5 and 4.6. We could place
another control loop over a combination of several subsystems. This large control
loop is hierarchically placed above the control loops in each subsystem. Mesarovié
refers to echelons here, and a hierarchy of these echelons; see Fig. 4.10. An advan-
tage of such an approach to control (i.e. via a hierarchy of echelons) is that the
higher control loop needs to intervene less often and can therefore be simpler
because the lower loops quickly eliminate some of the disturbances.

When we talk about feed forward, feedback or boundary control over input and
output, then it is extremely important to first sharply define what we consider the

Fig. 4.10 Echelons of control loops
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process to be. In Fig. 4.10, the complete process is more or less composed of four
part-processes, four black boxes. Now, when we discover a shortcoming in the
intermediate products at the end of the second black box, we can rectify this by
positioning an “add the missing” at that point, making this part-process “add the
missing” too. However, if we look at the complete process, it is “feed forward”.
The end-product is correct. A disturbance has occurred in the process that has been
detected and immediately rectified by an “add the missing” included as a compen-
satory disturbance. Likewise, feedback applied in a part-process is seen from the
viewpoint of the complete process as “feed forward”. It is thus of the utmost impor-
tance to first sharply determine what we will consider as “the” process.

Of the three processes—executing, supporting and controlling—the supporting
process is still missing from the models.

4.4 Supporting Processes

The executing process transforms the input directly into the required output. To
facilitate this various supporting processes are usually needed. These could be
processes to transport the input, to recruit personnel, to procure resources and
maintain them, to improve the people and the resources, to transport support mate-
rial and energy, etc. These supporting processes could be situated completely
within the system. It is also possible that they lie outside of the system’s boundary
and that only the output of the supporting process enters the system. In this latter
case, all sorts of coding and boundary controlling problems could emerge at the
system’s boundary. To avoid these, wherever possible, it is recommended that the
supporting processes should be positioned within the executing process system
and they should not be performed by separate systems. This also increases the
autonomy of the system.

The control loops for the executing process take daily measurements and take
action to compensate for eventual disturbances in that executing process. It was
assumed here that the people and resources are a given fact. In practice, the con-
trol function usually has the ability, within certain limits, to adjust the people and
resources somewhat to the conditions. The control function thus the ability to act
correctively by adjusting the inputs, to compensate for the disturbances and/or to
adjust the formation and properties of the people and resources used to some de-
gree. (The latter is not indicated in the models). Function control works over
a much longer period and only controls the standards. Therefore, we should never
interfere in the daily routines of its processes. In the practical application of this
model, confusion often arises over these two measurements in the process stream
on the output side. This can be avoided by watching out for the reason that the
measurements are taken. The purpose of the first measurement is to obtain infor-
mation that enables the controlled performance of the executing process via feed-
back. The purpose of the second measurement is to check that the set standards are
still correct and improve them where necessary.
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Many people are aware of the control loops that control the executing process
but hardly acknowledge that the standards must, in turn, also be controlled via
a standards control loop.

Also, in this function control, the functions involved must possess a memory
and a behaviour model in order to select the correct standards. However, a mem-
ory is only helpful as long as the elements in the system continue to behave as
they have always done in the past. Due to the existence of an evaluating function,
the system is capable of learning from experiences and, in doing so, of eventually
arriving at a new behaviour model. On the other hand, in practice it is often ob-
served that the original set-up was sound but the elements start behaving differ-
ently due to inexperience or ignorance. One no longer knows why one must work
in a certain manner or why certain decisions were taken at the time. As a result,
one unconsciously deviates from these decisions, causing trouble. One then often
reinvents the wheel from scratch. In most companies it is primarily this part of the
memory that is neglected and badly organised.

In practice, many managers are inclined to find a (short-term) solution to
a problem as quickly as possible. They should really organise processes to solve
problems and eventually prevent them. In short, they should organise the evaluat-
ing function (Sirkin and Stalk 1990).

In this chapter, model development is focused primarily on the functions that
must be fulfilled within a system. The control paradigm of De Leeuw (2000) can
offer much support, particularly when studying the relationships between a system
and its subsystems. This paradigm is based on a system to be controlled, the envi-
ronment and a controlling organ (see Fig. 4.11). The control possibilities and char-
acteristics are analysed by him. His controlling organ is equivalent to function con-
trol. His controlled system is equivalent to process control and executing processes.

Checkland (1998) points out that a system that serves another system cannot be
defined and cannot be put into model form before a definition and a model of the
system to be served are available.
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4.5 The Steady-state Model:
Combining the Models into One Model

Figures 4.4-4.6, 4.8 and 4.9 can now be combined into one model; see Fig. 4.12.
In addition, the supporting processes must be incorporated. Therefore, Fig. 4.12
provides a function model for controlling various facets of an executing process. It
is a function model for one aspectsystem in a steady state with equifinality. Using
this, the interlocked facets of quality and quantity can be controlled. Also, the
sacrifices for this one aspect are controllable and manageable via similar control
circuits.

Comparing and control functions are present in Figs. 4.5 and 4.6. The compar-
ing function only determines the magnitude of an eventual deviation from the
standard and passes on these data. When two control functions both implement
different or even contradictory adjustments to the system based on different devia-
tion data, there is a great chance that the system will flip over the edge. This is
why only one combined control function is present that decides on one particular
intervention from all incoming data.

When using this model, it is essential to define exactly what is entered as
a temporary element in the aspectsystem, in the flow of matter or in the order flow
or the like; for example, the raw material or the order. This gives two different
contents to the model because we are examining two different aspectsystems.

The model is universal in the sense that it is independent of the content of the
transformation function for whatever type of input. The model is empty in terms of
the type of temporary elements that must flow thorough the system to be trans-
formed. The model can be applied to achieve a transformation function with an
output of coffee grinders as well transformation functions that must heal the sick
or produce services.

Not every function that appears in the steady-state model must also always ap-
pear in an actual system. If the input is provided in an immediately useable form,
then the coding function can be disposed of. When it is it not possible to store the
input (for example alternating current), then an input stock is not possible. Also,
when the input and throughput rate in a subsystem are exactly matched to a larger
system, no buffer is required. If the output product is “conviviality”, the output
buffer is discarded because that product cannot be stored: it must be consumed
immediately. The same applies to many services, such as a seat on a train or
a meal in a restaurant.

When the system just above this one—the one that contains the system under
consideration—does not lend autonomy to the latter and directly enters the re-
quirements as precisely defined standards in the system under consideration, no
initiating and evaluating functions will exist in the system under consideration.
These do exist in the system just above in a more extensive control loop of
a higher order. The model is therefore not universal in the sense that all of the
contained functions must always appear. Case for case, we must ask ourselves
whether it is indeed responsible to omit a certain function in that situation. For
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example, the extremely long process and feedback times that exist in education
mean that feedback is of little use. There, we must concentrate on feed forward,
but in particular on the organisation of “add the missing” (many years later).
When we are confronted with vague goals and lengthy processes, which is often
the case, for example, in welfare care work, then that is not a reason to completely
omit both of the measurements on the output side and to completely omit an
evaluation of the results. In any case, the direction in which the changes must be
carried out is known. In all cases, we can reliably measure and evaluate whether
the process shows any effect in the desired direction and continues to show im-
provement in the short term. Obviously, with continuous processes we can never
confine ourselves to a single measurement.

In contrast, there could also be more functions than are required by the model.
In Sect. 4.7, for example, the need for a distributing function directly in front of
the transformation function will emerge. Also, eventual input and output functions
are not indicated.

In practice, the steady-state model will just like other similar qualitative mod-
els, only rarely be identical to Fig. 4.12. It actually always comes back to the divi-
sion between executing, controlling and setting standards for processes. The con-
trol of a facet always requires one or more control loops and a standards control
loop. Furthermore, the initiating function in the standards control loop cannot do
without a suitable evaluating function and vice versa. In addition, each control
loop must contain a measurement, a comparing function that receives and tests
standards, a control function and an intervention function.

The model was completely developed theoretically by starting from the sim-
plest form and then adding more and more functions to account for drawbacks or
expected risks. The thought process in the development of the steady-state model
is also more or less incremental. The steady-state model will display currently
unsolved drawbacks in certain concrete situations. We should add extra functions
to solve these. Of course, with each concrete case of designing an organisation, we
could start by developing a model from scratch. In the steady-state model, this is
actually already done as is minimally necessary for the vast majority of organisa-
tions. However, even greater extension of the model produces a strong limitation
on that rather general validity. From this model we should in a concrete case pro-
gress further and develop a made-to-measure model for that situation. No detailed
model can be developed that is applicable to all cases. The law of the situation is
valid here. We do not need to continuously repeat the brainwork up to the steady-
state model.
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Summary
The Functions in the Steady-state Model

Functions in the executing process:

Encoding

The function is: to ensure that the input is suitable for handling by the transforma-
tion function.

First filter

The function is: to ensure that the input has the required quality. To achieve this,
the function controls the input for quality. It can only accept or reject.

First buffer

The function is: to absorb the fluctuations in the input flow.

First safety function

The function is: to ensure that the buffer is not over-supplied. To do this, it ensures
that the excess from a full buffer is discharged into the environment.
Transformation

The function is: to actually convert the input into the desired process output.
Second filter

The function is: to ensure that no imperfect products or services are delivered to
the environment. To do this, the quality of the output is inspected (and eventual
deviations are passed on to the comparing function in the feedback loop). The
function eventually permits repair or adds the missing.

Second buffer

The function is: to absorb fluctuations in the output when the output cannot be
delivered to the environment due to circumstances.

Second safety function

The function is: to ensure that the output buffer does not become too full. To do
this, it ensures that the excess in the buffer is discharged into the environment.
Decoding

The function is: to ensure that the environment can take up the output. To do this,
it brings the output into the required state.

Functions in process control loops:

Measurement for the feed forward

The function is: to measure disturbances in the process within the system’s
boundaries.

Comparing function of the feed forward

The function is: to compare the values of the disturbances with the given tolerance
margin and report the excesses to the control function.

Measurement for the feedback

The function is: to perform post-transformation measurement of deviations with
respect to the given standards for all desired facets.
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Comparing function of the feedback loop

The function is: to compare the facets of the transformed that need to be controlled
with the standards and deviations passed on to the control function.

Control function for the feed forward and the feedback

The function is: to enable the process to take place within the given standards.

To do this, it determines the interventions required to bring this and that back to
within the standards.

Intervention function

The function is: to carry out the interventions chosen by the control function.

Functions in the function control loop:

Measurements for the purpose of setting standards

The function is: to measure all sorts of facets of the output and the state of the
system over a long period of time.

Evaluating function

The function is: to compare these measurements with the standards and pass on
consistent deviations to the initiating function. It must also signal changes in the
system’s environment that enforce a change in the standards.

Initiating function

The function is: to set standards based on data from a control loop from the eche-
lon just above this level or from the level of development. Or to change standards
based on data from the evaluating function.

4.6 Testing a Works Process Planning Department
Against Reality

A company makes various metal products according to drawings provided by the
customers. These drawings enter at the planning department. The head of that
department examines the drawings, clarifies them and makes remarks (the coding
function). Sometimes he concludes that the company cannot make the product and
he returns the drawing to the customer (the quality filter). Should the drawing be
accepted, this is registered—the first measurement—and put on a pile (the buffer
stock) until one of the planners comes asking for work. If this pile actually be-
comes so large that the waiting time threatens to become too long, then the boss
can still decide to return the drawing to the customer using a lack of capacity as an
excuse (the safety function), or he can outsource the preparatory work to a local
office. In this last case, he opens the safety function in a controlled manner and
allows the input to flow to the following company department via a bypass. That
function does not appear in the steady-state model. After a planner has handled the
drawing and written out the work assignments (the transformation function), this
package goes to the boss who inspects the work (the exit quality filter). Should he
discover an error, the whole lot is returned again to the planner concerned with
correction, via the re-circulation pipe. Sometimes it appears that the company
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cannot make the product after all. In this case the drawing still goes back to the
customer. When the work order is correct, it is written off as being ready (the
second measurement). Thereafter, this package is immediately forwarded to the
next department that orders the material and schedules the assignments. There is
thus no need for the functions, output buffer, safety function on the output side
and decoding. The latter should be unnecessary because this planning department
should bring the whole package directly into a useable form for the next depart-
ment in its transformation function. This is, after all, its assignment. The planning
department as a whole fulfils the coding function in the system just above this one,
the complete company.

Every day the boss updates a graph of the number of drawings received and the
number of finished work orders. Using that graph, he can determine the average
throughput time between both measurements. The works manager (environment)
has stated that this can never take more than one week. Therefore, initiating and
evaluating functions do not appear in the planning system. The boss actually ful-
fils the functions of comparing and controlling by testing his throughput time
graph against that standard of one week and permitting eventual overtime or out-
sourcing if that “week” threatens to be overrun. It is also possible that the boss
finds the week as stated by the works manager to be a completely senseless de-
mand and does not use that as a standard at all. The coding function in the stan-
dards control loop then rejects the standard and does not allow it into the system.
The boss receives requests from the next department to comply with certain
wishes regarding the content of the work orders. He then starts to employ these as
standards at the output test in the second quality filter. There is also the possibility
at this point that he finds the request to be absurd and does not admit it as a stan-
dard in the system.

In this case, the boss himself fulfils all functions outside of the transformation
function yet within the system’s boundary. It is also possible that, for example,
a special employee fulfils the final inspection, the second filter.

This is a short example of an interpretation of an actual system in relation to the
steady-state model.

4.7 Nurses Effect

Previous considerations and the steady-state model are valid for every executing
system, small or large. For each aspect that must be controlled, functions and
control loops, in accordance with the steady-state model, are essential. Up until
now there have been no models that show the interrelationships between the dif-
ferent aspectsystems.

In this section we will examine the entire complex system as a black box for our
first study. Then we will open the black box a little, but still keep the transformation
function closed. We actually make the cover of the black box a little transparent so
that we can only see the boundary zone only. We refer to this step as “the greying of
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Fig. 4.13 Subsystems, in series and parallel, within the transformation function

the black box”. We do not actually zoom into a complete aggregation layer; only
a little bit of it. This is the situation in the steady-state model. The black box “trans-
formation” function is only opened and the whole aggregation step completed
when more details appear necessary. In general, we then encounter all sorts of sub-
systems A, B, C, and D in series or parallel in that box, as shown in Fig. 4.13.

Again we can see each of these subsystems individually as a system that we
first approach as a black box before eventually using the steady-state model. In
turn, processes are also required in the coding function, in the filters, etc., with
their own boundary zones and standards. This model, where we first zoomed into
one aggregation layer, is therefore valid once again, just as it was for the support-
ing processes, as indicated by a rectangle in the steady-state model. Again, this
demands an “executing” process with its own input and output, its own boundary
zones and its own control loops and standards control loop.

That same steady-state model for the aspectsystems is valid in principle for
each function in the steady-state model when we zoom into one aggregation layer.
The picture shown on the tins of a well-known brand of cocoa, see Fig. 4.14,
nicely illustrates this. The nurse carries a tray bearing the same cocoa tin with the
same figure on it, etc. We call this the nurses effect. At each aggregation layer we
encounter new coding functions, control loops, etc. In this way, a hierarchy of
systems appears to exist. Each system is composed of subsystems and is itself
a part of a suprasystem, the environment. Each subsystem is dependent on its
environment, the system, and derives its primary objectives from it.
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Fig. 4.14 “The nurses
effect” (SFA)

Different subsystems at an equivalent aggregation layer can exist side-by-side
in series or in parallel, and they each execute a part of the transformation process.
In the system’s input boundary zone, a distributing function may then be required
that directs the input into the correct subsystem. In turn, each subsystem has inter-
nal control loops. These control loops, which are all at the same aggregation layer,
must be interconnected. This is generally done by the control loop in the aggrega-
tion layer just above this one in the system. That loop is of a higher order and
encompasses a number of these subsystems. Thus, a hierarchy of control loops
also exists. We refer to these as echelons. That hierarchy and the span of each loop
are connected to the number of variables that must be involved in the decision-
making process and with the level of abstraction of the decisions to be made.
When the data required to control a certain subsystem is not present within that
subsystem, a control loop from a higher echelon that does contain the data must be
established. This may also be necessary when the ability to handle the data and the
ability to make a decision are not available in the subsystem; for example, through
insufficient knowledge and education of the employees present. A third reason for
setting up a control loop on a higher echelon could be that the decisions in the
subsystem could produce external effects that influence the functioning of other
subsystems to the detriment of the system as a whole.

We must not confuse a control loop from a higher echelon that controls the
daily output with the control loop for setting standards.

When the subsystems are arranged in series in the transformation process, the
output stock from the previous subsystem also forms an input stock for the fol-
lowing subsystem. The boundary zones of the subsystems can overlap to some
extent. The control loop of a higher echelon will also devote attention to these
intermediate stocks and to transport between the subsystems. Even if we also
consider the transport to be an “activity”, it appears that, in many organisations,
the product actually spends no more than ~8% of its total throughput time in
actual processing. The intermediate stocks in the pipeline are usually large and it
is important to attempt to reduce these considering the space, costs and risks
involved. This problem is often even worse for service and clerical processes.
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Hammer (1994) mentions an insurance company where the total throughput time
for a policy was 28 days, only 26 minutes of which were actually spent working
on the policy. That is 0.19% of the throughput time!

The types of boundary-controlling processes at the borders between the subsys-
tems provide an opportunity to determine whether the division between subsys-
tems has been located correctly. When we place a border at a point at which there
is a large discontinuity in the process then the boundary control processes are
simple. As a pause is required anyway to code and/or to inspect the preceding
work, these boundary-controlling processes are also efficient. When there is only
a very small discontinuity then a far more extensive control apparatus is required:
firstly to maintain the differences between the two subsystems and secondly to
ensure coordination between them. Sometimes an extra border will need to be
created artificially because the control methods and/or means available cannot
span such a large subsystem. This can be the case when there is a large geographi-
cal spread of the elements. This is a border resulting from limiting conditions.

Each control loop can only control a given process within its control possibili-
ties. These possibilities are partly determined by the properties of the control loop
itself (for example, capacity and competences), and partly by the maximum capac-
ity and the properties of the people and the resources in the executing process. The
technology and the organisational structure are also resources. We should there-
fore look ahead at the control loops and determine whether new requirements will
override the existing control possibilities in the future and which measures we
must then take. The period over which we look ahead is separated into:

e Short-term planning (three months to one year)
e Mid-term planning (one to five years).

The short-term planning is relevant primarily within the smallest control loops.
In the control loops at higher echelons, the period over which we look ahead be-
comes increasingly longer. This also means that this usually occurs at a higher
level in the company’s hierarchy. In many situations, management and so-called
staff units also fulfil, in addition to the functions in the boundary zone, the internal
control loop of each system in each echelon. Each echelon complies with the
steady-state model, but at a higher aggregation layer.

This all still departs from a set of given needs and an existing, equipped trans-
formation function. It explicitly concerns the executing processes as well as their
control and scheduling for a determined existing need, corresponding to the steady
state and equifinality. What should be done, however, when the evaluating func-
tion establishes that there is no longer a need for the output of this existing execut-
ing process? None of the functions discussed thus far have, as a goal, the continua-
tion of the system. No single function is focused on change and renewal. The
potential for innovation, for breakthroughs, is not present. In Chap. 8, we will
devote our attention to this major drawback of the steady-state model developed
here. However, you will now apply the steady-state model using the case de-
scribed in the following paragraph.
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4.8 Case: The Health Insurance Company'

This case is about a clerical process.

XYZ Insurance is a regional health care insurer. In addition to a variety of other
types of insurance, the “implementation of the national health law” is one of the
main tasks of this insurer. Within XYZ we only consider the process from the
handling of a request for a new health insurance policy. The policy control de-
partment does this. The principal objective of this department is the registration of
applicants for national health insurance and the maintenance of policy data.
Twenty people work in the department, spread over three regional groups. Each
group is responsible for maintaining the data of those covered by XYZ national
health insurance in their region.

Preliminary Assignment

Draw, on the basis of the following description, a process model with control
loops, for as far as they are found. Look through a “steady-state pair of glasses” at
the described reality. Indicate clearly where you would draw the system’s bound-
ary and what the flowing element is. Start an aggregation layer where the actual
transformation from a completed application form to a definite policy is one black
box. Then, for as far as the text permits, zoom into the black box and draw all of
this in one model.

The requests for registration for health care insurance arrive in the post room.
The envelope is opened and someone then decides which region group the request
must be forwarded to. Then of course, the request is sent internally.

In the particular region group, the date of receipt is first stamped on the request
form. Then all details on the request form are inspected for clarity and complete-
ness. Should items be missing, the form is sent back to the applicant with a request
to provide the missing information. When the request form is resubmitted, the
steps described above are repeated.

Thereafter, based on the details supplied, someone checks whether the re-
quested insurance package is among the packages offered by XYZ and whether
the applicant conforms to certain acceptance criteria. If not, the request form is
returned to the applicant together with an explanation. When the form is complete
and the request appears to be acceptable, the data are given certain code numbers,
depending on which general practitioner, dentist and pharmacy have been cited. In
addition, a code number is added to indicate which insurance package the appli-
cant wishes to receive.

The policy terms are then determined by a “mutalist”. Sometimes this person
discovers that a code number is missing. He adds this anyway. Considering the

' This case is based on a report of practical work performed by Mr. S. Rep, student at the Insti-
tution for Economic Studies at Amsterdam.
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fact that determining the policy conditions vary somewhat in terms of time re-
quired and the preceding process function of assigning a code number only takes
a little time, the forms usually enter a waiting stock. When this waiting stock is
empty, the mutalist rings the coder to encourage him to speed up a little.

Subsequently first the mutalist himself and then also the insurance applicant
must control whether they are in agreement with the conditions: have any errors
been introduced into the data? Are the policy conditions and the cover what the
applicant actually requested? And is the premium acceptable? This quotation must
be sent to the applicant and is received back from the applicant with eventual
approval or desired changes. In the meantime, a copy of this quotation lies in one
of the mutalist’s in-trays. The post room sends the applicant’s response directly to
the mutalist. The mailing date and the date of receipt are noted on the copy of the
quotation. The final policy with conditions and proof of insurance can then be
compiled and sent. Should errors be discovered in the quotation, then these are
redressed and an adjusted quotation is re-sent to the customer. Although this is not
the intention, it is possible that this cycle is repeated a number of times.

Before dispatch, the various data are always entered into the computer and the
total throughput time is recorded. Management has stated that the total process
must not take longer than 30 calendar days. All the same, the mutalist checks
everything for data accuracy and conditions, etc., before sending the final policy.

Someone also regularly compares the contents of the XYZ policies and condi-
tions with those of other insurance companies. The insurance packages offered by
XYZ and the policy conditions are also regularly checked to see if these (still)
comply with the requirements of management and the law.

Assignment

Based on what has been discussed, draw the process models at two aggregation
layers (see previous text) and the eventual control loops. In a separate overview,
describe which functions are fulfilled and by whom. At which points does it seem
that further investigation and/or supplementary data are necessary?

Solution

The first model is given in Fig. 4.15.

The post room is placed outside the system’s boundary because it does not to
be required for an analysis of the process. It only fulfils a distributing function.
The customer is also excluded from the system. We consider one regional group
as the system, as both of the other groups yield an identical model.

The input is “a request for heath care insurance cover” and the output is “a pre-
pared policy”.

Therefore, at the first presented aggregation layer in the assignment, we find
only a coding function, a quality filter, the transformation function and eventually
the output quality filter. Perhaps you have already drawn in control loops.
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Fig. 4.15 The first model

More detailed data have been given for the transformation function in Fig. 4.15.

We can thus zoom in another layer on that black box.

In Fig. 4.16, the eventual model with the following functions is drawn:

Encoding function: Prepares the request for handling by the transformation
function by controlling the presence of all data. If incomplete, the application
is returned to the sender with a request to provide the required information.
Filter function: Controls whether the insurance package requested is offered
by XYZ and whether it adheres to the XYZ acceptance criteria. If the applica-
tion does not meet these criteria then it is returned, with an explanation, to the
applicant.

First transformation function: The various data are given code numbers. (The
fact that one refers to code numbers does not mean that this is a coding func-
tion! It is a necessary activity. We only draw it as a separate transformation
function because a buffer functions in the process after this). It is not clear
who should fulfil this function from the text. That’s why there is a question
mark on the lower, right-hand side in the black box.

Buffer: Now the form arrives on a pile belonging to mutalist A or mutalist B
or mutalist, etc.

Second and actual transformation function: The mutalist now sets the policy
conditions and notes these in a quotation to the customer.

Feed forward: There is talk of feed forward in two cases here. Firstly, when the

waiting stock of the mutalist is zero, he acts by making a call. He ascertains
a disturbance and attempts to compensate for this by performing an action. Sec-
ondly, he adds a missing code number there and then. He thus compensates for
a disturbance. We could see this as “add the missing”, but that is incorrect. At the
layer of the model drawn, which encompasses the fotal process, it is a compensa-

tion for a disturbance during the process. It is only “add the missing” when we

look at a partial process.
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6. Quotation output filter: Prior to sending the quote, this is checked again by the
mutalist. He retains a dated copy and stores that copy in a buffer (function 7).

7. Buffer

8. The customer also fulfils a quality filter function by controlling whether the
quote is both correct and to his/her satisfaction. The customer however falls
outside the system under consideration.

9. Third transformation function: On receipt of the customer’s response, the
mutalist retrieves the duplicate quote. If adjustments are required, then the
previous cycle is carried out again. If the quote is accepted, then the mutalist
can compile the final policy.
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10. End filter quality: The mutalist checks the final policy once more, after which
it is dispatched, probably via the post room that is however kept outside the
system. The post room can be alternatively regarded as a decoding function.

11. Quantity measurements; in this case, throughput time: The date on which the
particular activity takes place, at different places in the process, is entered into
the computer. See the measuring points in Fig. 4.16.

12. Comparing function for the throughput time: Various calendar dates are en-
tered into the computer, which will, in turn, do something with them. How-
ever, apparently, only the total throughput time is compared with the standard
“30 calendar days”. There is, however, nothing in the text about what should
be done with those data. It is unclear whether there is a control function and
whether interventions take place if the standard is exceeded, let alone whether
that standard is evaluated.

13. Initiating function for the throughput time: This is apparently present, namely
as the 30 days that management has set.

14. Standards setting control loop for the quality: The quality filters incorporated
into the process receive standards for the acceptance criteria and the content of
the packages to be offered.

These standards come from an initiating function (15). This determines the
standard based on guidelines from management and on data from the evaluat-
ing function.

The evaluating function (16) regularly compares the content of the XYZ pack-
ages and conditions with those of other insurers. Furthermore, it responds to
amendments in the law. Deviations are passed on to the initiating function. It
is, however, unclear who actually fulfils these functions from the text.

Remark

The abovementioned function numbers are reported bottom left in the black boxes
of the model. Who fulfils that function, such as Ma (mutalist A), is indicated bot-
tom right. If this is this unknown, then a question mark is present.

The model thus evokes a number of different questions that would justify fur-
ther research. Who fulfils the functions in the standards control loop for the qual-
ity? In the daily control loop for the quality it appears that only the mutalist checks
himself, but who checks the mutalist? Also, the daily control of the throughput
time and the intermediate monitoring of progress are unclear. Not a single word is
mentioned about the total throughput capacity. The mutalist fulfils all sorts of
functions, but who does the coding and the addition of the code numbers?

4.9 Some Applications in Practice

The steady-state model has been applied in the analysis of organisational problems
in many areas in industry, as well as in banks and in the service sector. Reports on
such analyses are usually only published internally and are therefore not generally
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available. Only a few examples will be briefly discussed in this paragraph. For
more detailed information, please consult the references. The following examples
have been selected from completely different areas of application.

The steady-state model is developed with an eye to application in organisations.
It has been found to be a good tool, when used in combination with thinking in
terms of functions, even for the automation of a purely technical process.

Lohmann (1990) applied this when designing the software for an automated
dredging process. There were primary functions, and within each of those primary
functions, subfunctions could be distinguished. The primary functions set stan-
dards for the subfunctions and transmitted these to the subfunctions. Each sub-
function performed its activities and checked these with the standard set by the
respective primary function. In the meantime, the primary function could actually
change the standard, and the control loop in the subfunction should then react to
this. When the design team involved met with problems, they were usually trace-
able to “not logically thinking in terms of diverse layers” and it appeared that,
whilst thinking, someone confused a control loop with a standards control loop.
The respective programme in question took approximately thirty man-years and
worked flawlessly at the customer’s final inspection. This model has also begun to
find application when designing company or management information systems. It
is also applied in accountancy.

Plasschaert (1983) applied the model to the organisation of a dentist’s practice.
He clearly illustrated the function concept using the process of which the dentist is
a part. The control loops in a dentist’s practice, used for controlling quantity and
quality, are also worked out practically.

The steady-state model was also applied to a doctor’s practice and to a group
practice.

The model has proven its worth in quality management and in the framework
of the introduction of the ISO-9000 standards. Van Dijk and Seegers (1991) made
use of the thought process in the development of a computer-steered quality man-
agement system. It is a good aid when analysing the organisational structure re-
quired and when determining the ISO-9004 procedural descriptions required, etc.
In 2000, a new version of the ISO-9000 series was published. This was a great
advancement. Now, attention must be paid to the control of the processes and
customer satisfaction, and a management audit must be performed regularly. In
this way, the new ISO-9000 standard better fits thinking in terms of processes and
control loops. Also, in turn, the ISO-14000 standards for environment manage-
ment better match the methods of the new ISO-9000 series.

Leenders and Langemeyer (1990) used the steady-state model in an integrated
approach to the reorganisation of a production process at DAF Trucks, namely the
welding of sheet metal parts.

Also, van den Berg (1993) used the steady-state model and the total model
(discussed later) in his book entitled Kwaliteit van levensmiddelen (Quality of
food).

An important application of the steady-state model is the software package
EXCOM from TLO-Holland Controls. It is a computer-controlled measuring
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instrument for the quality of labour at one job. A job analysis is made, aided by
a long series of questions to the worker. Thereby, all of the functions of the
steady-state model, in addition to the working conditions, are broached. Based on
sociological and socio-psychological research, it was accepted and incorporated
into the computer programme that a high-quality job must contain all functions of
the steady-state model. The answers to the questions are summarised in five ther-
mometers: purposeful, autonomy, participation, work content and working condi-
tions. Furthermore, the steady-state model appears on the screen so long as the
functions concerned are encountered at that job. Actually, in this way, the job is
judged as “qualitatively high” when all functions from the steady-state model,
with the appropriate authority, are encountered in that job, there is enough influ-
ence on adjoining jobs, and the working conditions are good.

Various large companies use this software package to analyse their existing
jobs (positions) and design new structures and new jobs. Both the management, as
well as the employees involved, are enthusiastic about the results. Use of the in-
strument repeatedly leads to interesting discussions and improvements.

Summary

Based on theoretical considerations, a function model for a system was developed
(the steady-state model, Fig. 4.11) in which feed forward and feedback are present
for the executing process and a standards control loop appears for the standards
against which the feed forward and feedback must be checked. This model was
elucidated using “a process planning department”, and, as an exercise, the case for
the insurance company was analysed and placed into modular form. The model is
so universally applicable because:

e Itis “empty” in terms of what flows in it; they could be teaspoons, patients or
services
e [t can be applied again at each aggregation layer (the nurse’s effect).

Due to this latter effect, it appears that both the systems and the control loops
form a hierarchy of echelons.
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Chapter 5
Conceptual Model for the Analysis
of Industrial Systems

Abstract. The steady-state model is defined as the basic model of the Delft Sys-
tems Approach. However, it only models one aspect at a time. When starting an
analysis of an industrial system, one always should consider at least three aspects
and their interrelations: the material flow, the order flow and the resource flow. To
do this, in this chapter we introduce the PROPER model, which consists of three
steady-state models for these three aspects. PROPER stands for “PROcess-
PERformance”, because we consider that the systematic preservation of this com-
bination during the analysis distinguishes it from other approaches. In the first part
of this chapter, it will be shown that other conceptual models only show control
relations; they leave relations to real operational processes poorly defined. Finally
the conceptual PROPER model will be applied to the well-known reference model
SCOR.

5.1 Introduction

In Chap. 4 we introduced the steady-state model and the control paradigm as con-
ceptual models for a purposive system. Industrial systems belong to this class of
systems. In this chapter we will first investigate other conceptual models for these
systems, in order to prove the validity of the steady-state model on the one hand
and to highlight the additional value of this model on the other. A combination of
function and process will be shown to be the unique property of this model. Then
we will construct the PROPER model for the analysis of industrial systems, which
is based on the steady-state model. Being a conceptual model, we will apply this
concept to a widely used reference model for logistic systems: the SCOR model.
We will show that the conceptual model is able to represent this reference model,
but additionally offers the opportunity to represent other (and more innovative)
systems.

H.P.M. Veeke, J.A. Ottjes, G. Lodewijks, The Delft Systems Approach, 95
© Springer 2008
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5.2 Other Conceptual Models
5.2.1 Formal System Model

Checkland calls a conceptual model based on the soft systems methodology
a formal system model (FSM). Macauley (1996) defined a FSM for a system with
human activities. This model is also called a HAS (human activity system) model.
According to Macauley, the system S is a formal system if and only if it meets the
following criteria:

¢ S must have some mission

e S must have a measure of performance

e S must have a decision-making process

e S must have elements which mutually interact in such a way that the effects and
actions are transmitted through the system
S must be part of a wider system with which it interacts
S must be bounded from the wider system, based on the area where its deci-
sion-making process has the power to enforce an action
S must have resources at the disposal of its decision-making process
S must have either long-term stability or the ability to recover in the event of
a disturbance

e Elements of S must be systems with all of the properties of S (except the emer-
gent property of S)

Such a formal system is presented in Fig. 5.1.
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expectations

wider
System Boundary SYstem

System
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subsystem
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operations,
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Fig. 5.1 A formal system model of a human activity system (Macauley, 1996)
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Although a system places expectations on what the subsystems should do, the
subsystems do have a certain degree of autonomy in terms of how these expecta-
tions will be realised. This “what-how” relation is a common principle in all sys-
tems approaches and is called “hierarchy”. Hierarchy should not be confused with
authority; it should instead be considered to be a method of “nesting”.

The elements of a system in this conceptual model are systems themselves, or
(better still) subsystems. Three types of subsystems are distinguished: decision-
making, performance-monitoring and operational subsystems.

Unlike the steady-state model, the FSM does not contain the flow of “products”
of the system.

5.2.2 The Viable System Model

The viable system model (VSM) of Stafford Beer (1985) consists of functions that
must be present in any viable system; these systems all have the same pattern of
functions. However, this pattern should not be considered to be an organisational
structure. This function pattern forces the researcher to ignore the existing struc-
ture, which is usually represented by an organisation chart, enabling the researcher
to view the organisation from a different perspective.

The basic concept behind VSM is that in order to be viable, organisations must
maximize the freedom of their participants within the practical restrictions of the
requirements in order to realise the objectives of these organisations.

Beer distinguishes five functional groups. He calls them systems, because each
functional group is a viable system on its own (see Fig. 5.2).

The systems are:

1. System 1: Implementation, consisting of execution, operational management
and environment.

2. System 2: Coordination of operational systems. Beer illustrates this using
a school timetable. This is a service that ensures that a teacher has only one lec-
ture at one time and that only one class uses a particular room for a given les-
son. This service does not affect the content of the lecture—that is under the
control of the teacher—but facilitates the operation of the school. A production
schedule for a manufacturing utility is another such system.

3. System 3: Internal control. This system preserves the purpose of the organisa-
tion “here-and-now”.

4. System 4: Intelligence deals with the future environment: “there-and-then”. It
makes propositions to adapt the purpose. At the organisation level, research de-
partments and marketing typically belong to this group of systems.

5. System 5: Strategy and policy. This system is responsible for the direction of
the whole system. “System 5 must ensure that the organisation adapts to the ex-
ternal environment while maintaining an appropriate degree of internal stabil-
ity.” (Jackson 1991).
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Fig. 5.2 The viable system model (Beer 1985)

Again, the model is recursive; each system is a complete VSM in its own right.

The systems do not necessarily correspond to task descriptions, and several sys-
tems can be performed by just one person or department. Just like a FSM, the
VSM does not contain the flow of products of the system.

5.3 Common Characteristics of the Conceptual Models

The conceptual models of Chap. 4 and Sect. 5.2 have the following characteristics
in common:

1. They are empty with respect to resources and tools. The models specify “what”
and “why”, but offer complete freedom with respect to physical interpretation.
This physical interpretation is exactly the area of each of the domains involved
(e.g. organisation, technology and information).

2. All elements are systems and are called subsystems. This similarity of elements
is a condition for correct modelling, because there will be no confusion of
thought, and zooming in and out is thus defined unambiguously (a system is
composed of subsystems, and a set of subsystems is a system). This is the basic
principle for being recursive, which is a characteristic of all models. The act of
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zooming in can be repeated until the appropriate level of detail for the objective
of the research is reached.

3. Every system fulfils a function in its environment by satisfying a need. If the
elements of a system are subsystems then the elements also fulfil functions.
This “functional approach” is applied to all models.

4. The borderline between system and environment is not defined any further in
FSM, VSM and the control paradigm. The steady-state system however, con-
siders the borderline to be a boundary zone that contains functions that fit the
flow elements for transformation or delivery by the system.

5. All models clearly distinguish control (decision-making, intervention) functions
and operational functions; this is indeed a “paradigm”. This paradigm will be
used from now on for all system models.

6. We explicitly distinguish “aspects”, where an aspect is defined as a subset of all
relations. This is expressed by the choice of (horizontally) flowing elements
that must be transformed to fulfil the system’s function. There is simultane-
ously a controlling (vertical) information flow within each aspect. This leads to
the next statements:

— The design of a multidisciplinary product requires an approach that takes
multiple aspects into account. Several models are required, one for each as-
pect. There are no strict rules for modelling the coordination and communi-
cation between aspects. Each aspect represents a repetitive process and so
this coordination and communication will also be a repetitive process with its
own standards and interventions. In terms of the VSM, this process is posi-
tioned at the level of system 3.

— Each steady-state model transforms a different flow, one for each aspect,
and is controlled by an information flow. The transformation function of this
information is the part of the system that transforms the need of the envi-
ronment (input) into the functional performance (output).

7. Only the steady-state model distinguishes control and transformation functions;
the other models do not “produce” anything. The transformation function (input
and output zone included) delivers the output (product) by which the function is
fulfilled in a physical way. This function is represented in VSM by the opera-
tional system (but without flowing elements). The input-throughput-output rep-
resentation with elements flowing through a transformation function can be
applied universally, even to control functions. The physical product there is
a control action, standard or procedure. In addition, both services and data (in-
formation) can be considered physical products.

The transformation, input and output zones together will, from now on, be re-
ferred to as the process. The reports from controls to the environment (and higher
echelons) will be called the information on functioning or simply the perform-
ance. Therefore, a system will be modelled by a “PROcess-PERformance” model
(a “PROPER” model). Both the control flow and the product interact with the
environment (see the incoming and outgoing arrows).
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Upon evaluating the above characteristics, it becomes apparent that a concep-
tual model of an objective-keeping system must meet the following criteria:

1. The system fulfils a function to satisfy a need of the environment and is pur-
posive. A system will, from now on, be referred to by its function.

2. The elements of a system are subsystems that inherit all of the characteristics of
that system.

3. Each system consists of an operational subsystem and a control subsystem; the
control subsystem translates a need into the specification for a required product
and monitors the operational subsystem; the operational subsystem transforms
input into the required output by means of a process.

4. The model distinguishes aspects, which are subsets of the relations. Each aspect
represents a product flow. The model of an industrial system includes more
than one product flow. The relations between aspects are maintained by a coor-
dinating control system.

Conditions 2 and 3 are quite different. Condition 2 formulates the principle of
“zooming”’; condition 3 can be best described by “opening” a system at a particu-
lar aggregation layer. The aggregation layer just below this one can only be
reached by first opening the system and then selecting some of the functions to
zoom into. In this way, the principle of control and operation is preserved. For
example, the steady-state model is an “open” view of a system (function). One is
now able to zoom in on each of the functions of the steady-state model, thereby
considering this function to be a system too, but now at a lower aggregation layer.

The resulting conceptual model for an objective-keeping system (the process-
performance or PROPER model) is shown in Fig. 5.3.

A function description must be determined through abstraction from physical
reality in order to construct a conceptual model. It is not important “how” some-
thing is done, but “what” is done and “why”. Abstraction to functions offers two
advantages:
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1.

It stimulates us to be creative and to radically change the method of realisation,
either through the use of different technological tools and equipment or by
combining functions in a different way. It is a structured route to innovation, as
opposed to the other path, “accidental creation”. The following example illus-
trates this.

Example. Damen (2001) reports on a number of attempts at KPN Research
that failed to make the mail process more flexible. Finally a research project
was started that concluded that only six functions are needed to be able to de-
scribe any manner of mail processing: to transport, to store, to pack, to unpack,
to merge and to split. Starting from this viewpoint, a completely new and flexi-
ble system has now been implemented.

. If the design is recorded in terms of functions, the basic assumptions and

choices made during the design process remain clear and accessible for future
design projects. This construction of “memory” prevents the “reinvention of the
wheel” and excludes the implicit assumption of superseded conditions.

Example. During the design process for the highly automated Delta Terminal
(in Rotterdam), the organisation of the container “stack” (storage) appeared to be
one of the most influential factors on the performance of the terminal as a whole.
It was shown that reshuffling containers during their stay in storage would sig-
nificantly improve the effectiveness of the final transfer process. However, based
on experience with manual container handling, the following principle was being
implicitly applied: “once stored, a container will not be moved until the moment
of final export”. The most important reason for this approach was the risk of con-
tainer loss or damage. However, this risk was not nearly as great with the advent
of full automation, and so this principle was no longer valid.

5.4 The “PROPER” Model of Industrial Systems

An industrial system is a subsystem of the organisation as a whole; it contains
a subset of the elements, but includes all of the relations. We now approach indus-
trial systems from the viewpoint of the primary function, and at least three aspects
are included in the conceptual model:

1.

The “product” as a result of a transformation.

2. The flow of orders; without customer orders no products will flow. In this flow,

orders are transformed into handled orders.

. The “resources” (people and means) required to make the product. To make use

of them, they must enter the system, and they will leave the system as used re-
sources.

The results of the transformations are delivered products, handled orders and

used resources.
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Fig. 5.4 The PROPER model of an industrial system

The PROPER model of an industrial system is represented in Fig. 5.4. The as-
pects (orders, products and resources) are represented by thick arrows, while thin
arrows represent data flows. Usually the flow rate of the resources is slower than
the flow rates of the orders and products. People can be employed long-term, and
means and equipment will usually be used for their economical lifetimes.

The term “product” does not necessarily only imply a physical product. Espe-
cially in the service industry or in the tertiary sector, a product can also be ab-
stract. For example, when the model is applied to an insurance company, the
product “an insurance” can be the result of a transformation from a request for
insurance.

Information flows both horizontally and vertically. Horizontally, the flow con-
tains (mostly technical) data for the operation itself. Vertically, the flow contains
control data.

Within the black box “transform”, three parallel transformations can be distin-
guished:

e The transformation of (customer) orders into handled orders (“perform’)

e The transformation of products (raw materials) into delivered products (“oper-
ate”)

e The transformation of resources into used resources (“use”).

The control function coordinates these transformations by generating executa-
ble tasks derived from the orders and by assigning usable resources.

Opening the “transform” black box of Fig. 5.4 now results in Fig. 5.5.

Elements of several domains come together in the exchange of tasks and as-
signments, which is the main focus of communication during the analysis (and
design) process. The communication concerns requirements, which are derived
from the function’s objectives, and feasibility, which is determined by the techno-
logical or informational practicability.
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Fig. 5.5 The aspects in the PROPER model of an industrial system

5.5 The “PROPER” Model and Logistic Practice

Until now, our modelling has been generic but quite abstract. It should however be
possible to classify the common functions of logistics (a subsystem of an indus-
trial system) that appear in practice into one or more of the chosen aspects.

Logistics is usually divided in material management and physical distribution
(“outbound logistics™) (see for example Visser and Van Goor 2006). Within mate-
rial management they distinguish purchase logistics (“inbound logistics”) and
production logistics. Finally, they also add reverse logistics because of the increas-
ing attention being paid to the flow of returning products. They argue that a logis-
tic concept requires a coherent and iterative way of making decisions about the
physical layout (the basic pattern), the corresponding control system, the required
information and the matching organisation. The basic pattern refers to the division
of basic functions into subsystems. The control system correlates with the control
function of Fig. 5.4, while the information required points to both the horizontal
and vertical information flows. The matching organisation refers to the organ
structure and to the structure of authority and responsibility.
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During the last decade material management and physical distribution have
been integrated into “supply chain management”. In terms of the systems ap-
proach, integration means extending the system’s boundary and considering the
whole as a system that needs to be controlled too.

Towards the end of the 1990s, the Supply Chain Council (SCC) developed
a reference model for this integrated approach to logistics: the supply chain opera-
tions reference (SCOR) model. This model supports the evaluation of and the im-
provement of the performance of the supply chain, organisation-wide (SCC 2002).
It emerged upon combining business process reengineering (BPR), benchmarking
and process measurement. SCOR contains:

e All customer interactions starting from order entry up to paid invoice (see the
order flow in Fig. 5.5)
All material transactions (see the product flow in Fig. 5.5)
All market interactions, starting with the determination of aggregated needs up
to the execution of each separate order (see control in Fig. 5.5)

The model describes four levels of supply-chain management:

e Level 1 contains five elementary management processes: plan, source, make,
deliver and return; the objectives of the supply chain are formulated at this
level.

e At level 2 the five processes are described more precisely via three process
categories: planning, execution and enable. The basic idea is that each of these
three categories can be distinguished in each of the processes. The execution
category of “source, make and deliver” is further divided into “make-to-stock”,
“make-to-order” and “engineer-to-order” types. In this way, a complete scheme
of 26 possible process categories is created. Any company is able to configure
its existing and desired supply chain with this scheme.

e Level 3 shows the information (and software) that are needed to determine
feasible objectives for the improved supply chain.

e Finally, level 4 addresses the implementation. Level 4 changes are unique, so
specific elements are not defined; only guidelines and best practices are de-
scribed.

SCOR is a reference model; unlike a conceptual model it classifies all logistics
activities, and aims to improve rather than to innovate. All existing configurations
can be modelled; solutions that do not currently exist cannot be modelled, as
found from the most recent addition of “return”.

Plan, source, make, deliver and return are management processes and are part
of a control function. To determine which control function they belong to, a short
explanation of each is given below.

Plan: Is demand and supply planning and management. It balances resources
with requirements and establishes/communicates plans for the whole supply
chain. It manages business rules and supply chain performance.
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Source: Takes care of the supply of stocked, made-to-order, and engineered-to-
order products. It schedules deliveries and receives, verifies and transfers prod-
ucts; it manages inventories, capital assets, incoming products, supplier net-
works, import/export requirements and supplier agreements.

Make: Concerns the execution of make-to-stock, make-to-order, and engineer-
to-order production. It schedules production activities, manages in-process
products (WIP), performance, equipment and facilities.

Deliver: Covers order, warehouse, transportation, and installation management
for stocked, made-to-order, and engineered-to-order products. It includes all
order management steps from processing customer inquiries and quotes to rout-
ing shipments and selecting carriers. It also includes all warehouse manage-
ment from receiving and picking up products to loading and shipping products.

Return: Is the return of raw materials (to the supplier) and the receipt of returns
of finished goods (from the customer), including defective products and excess
products.

If we compare these descriptions with the functions and aspects of the
PROPER model of Fig. 5.5, it is clear that:

e There is no strict distinction between aspects in SCOR. Source, make and de-
liver in particular contain parts of each aspect; in other words, each aspect con-
tains a source, a make and a deliver process.

e The control of the product flow is split between make and deliver. Make takes
care of stocks-in-process, while deliver emphasizes warehousing at receipt and
shipping.

e Plan contains both the long-term planning and balancing, and the daily coordi-
nation of the flows.

e Return represents a complete product flow. In terms of the PROPER model it is
an aspect within the product aspect and can be studied separately using the
PROPER model.

As argued before, the distinction between aspects is important, because they re-
flect domain backgrounds and perceptions. It must be clear whether decision-
making concerns the order flow, the product flow or the resource flow in order to
enable the correct objective to be set. Each flow is controlled by its own control
system coordinating the source, make and deliver control functions. Each flow-
oriented control system again must be coordinated with the other aspects by
a control function at the next higher echelon.

Including the basic processes of source, make and deliver finally yields the
PROPER model for each aspect of a logistic system shown in Fig. 5.6.

The definitions of Visser and van Goor (2006) for purchase logistics, produc-
tion logistics and physical distribution can be mapped one-to-one to source, make
and deliver respectively. It is remarkable to see that the field of logistics is divided
into functional areas instead of flow-oriented areas. Terms like order logistics,
product logistics or resource logistics are not encountered in logistic concepts.
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Resource

Well-known concepts like just-in-time and KANBAN can now be positioned in
the make process of the product aspect. A control concept like manufacturing
requirements planning can be positioned at the level of “plan operate”, etc.
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Chapter 6
Behaviour of a Function: The Process

Abstract. The PROPER model and the steady-state model describe the static
structure of a system. In this chapter we add the time-dependent behaviour of a
system. Traditionally this has been the field of simulation that is considered to be a
real specialism by managers. We are convinced that knowledge of the behaviour is
indispensable when analysing or designing an industrial system. We approach com-
munication of the behaviour as a multidisciplinary task. Natural language can be
used very effectively to describe the behaviour and specify the simulation model.
We show that it should be constructed according the process interaction approach
and not according the event description method, which is widely used. Finally, it is
shown that behaviour can be described in any phase of analysis and design.

6.1 Introduction

In the previous chapter, the PROcess-PERformance model (PROPER model) was
developed and it was shown that it serves as a common reference model for the
disciplines involved. It thereby supports designers when dealing with complexity
and discussing the analysis of a system. The schematic representation provided by
the PROPER model is however static, showing no time dependency at all. As well
as analysing the static structure, it is also necessary to study the time-dependent
behaviour of the system. This behaviour affects the required dimensions of the
system and determines its performance. Therefore, the time-dependent behaviour
requires a representation that can be understood and used by all disciplines in-
volved and that is a natural extension to the PROPER model itself. In this chapter
such a representation will be presented.

It is currently common to apply simulation models to study the time-dependent
behaviour of systems. As with other disciplines, simulation evolved in a monodis-
ciplinary (i.e. predominantly mathematical) culture. In the world of management
and technology, this is considered a specialist job. As a result, analysis and design
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problems are usually “thrown over the wall” to the simulation experts. These ex-
perts are expected to understand the specialist requirements, to model the system
correctly and to produce accurate results in terms of the problem formulation. In
this situation, the quality of the simulation solely depends on the quality of the
interpretation of the problem by the simulation expert. The simulation expert,
however, is not supposed to be an organisational or technological expert. As
shown in Chap. 2, with the systems approach, a “system” is a subjective percep-
tion and so a conflict can arise between the problem owner’s perception and the
simulation expert’s perception.

We consider simulation to be a way “to represent system behaviour”. In order
to represent behaviour correctly, it must first be described in terms that can be
understood by the problem owners themselves. Secondly, an unambiguous de-
scription should be provided for the simulation expert.

The description of the behaviour of the system under study will be derived
from the PROPER model. It will be based on natural language, because natural
language facilitates communication and discussion between the different disci-
plines. Galatescu (2002) states that natural language has unifying abilities, natural
extensibility and logic, which are unique properties that enable conceptual model
integration. Descriptions of behaviour can be expressed with natural language. In
this way, the specification of behaviour becomes the responsibility of the problem
owner instead of the solution provider (i.e. the simulation expert). The natural
extensibility of natural language also supports the use of conceptual models during
the analysis and design process.

In this chapter, the use of natural language to describe behaviour will be exam-
ined. When a problem owner explains the way in which a system “works” using
natural language, he/she is already describing behaviour globally. The basic idea
here is to structure these descriptions in such a way that they can be mapped to the
processes of functions in the PROPER model and can still be recognized and under-
stood by the problem owners. In other words, the behaviour of a function is mapped
to a “process description” in a cognitive way. The PROPER model is thereby ex-
tended with the time-dependent behaviour of the system, preserving the interdisci-
plinary character. Process descriptions can be defined at each aggregation layer.

A process description is then communicated and discussed with the simulation
expert and provides the basis for an unambiguous translation to a software envi-
ronment, which results in a simulation-specific description. This process-oriented
approach has already been implemented in simulation languages like Simula (Skle-
nar 1997), PROSIM (2005), MUST (1992) and TOMAS (Veeke and Ottjes 2000).

6.2 Behaviour

In Sect. 2.3.3, we explained that

Behaviour is the property of a function that describes the way in which the state
of the function together with its input result in output.
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Therefore, a function (and thus a system) has two major properties: a state and
behaviour.

The state of the function in an industrial system and its input will be defined
first. Then a method will be defined to describe its behaviour, thus showing how
the state and input together result in output. We will use the terms “system” and
“function” interchangeably here. The elements of a system are functions, while the
system as a whole is also a function.

6.3 The State and Input of an Industrial Function

The input signals of an industrial function are derived from the PROPER model.
Three types can be distinguished:

e Physical signals: the order, product and resource flows. These flows might be
the outputs of preceding functions (the internal environment) or may enter the
function directly from the external environment.

e Control signals: these are generated by the control part of a function and passed
to the operational part of the function (interventions) or enter the function from
higher echelons (requirements). The requirements are translated into standards
for the operational function.

e Disturbance signals: are parts of the input to the control function (the feed
forward and feedback control). They originate from inside the operation part
(e.g. machine disturbance) or from the environment of the function (e.g.
weather conditions) and influence the progress directly.

If the input signals are represented in the basic industrial function of Fig. 5.3,
skipping all output signals, the resulting picture is Fig. 6.1.

Results are the output of an industrial function, while efforts are required to
achieve the results. Efforts must be made to provide space, resources, products and
time for operation and control. In general, results are the consequence of making
efforts to transform the input into output. There are many ways in which efforts
can be made to achieve the same results. They depend heavily on the function
structure of the industrial system, but also on the relations between the aspects
inside the system. Resource assignment and maintenance together with task speci-
fication and scheduling influence the efforts being made. By describing the way in
which efforts are made, one is in fact describing the relation between input and
results: the behaviour. Moreover, there is no need to define the resources pre-
cisely; only the important attributes should be defined, such as the speed/accelera-
tion of a vehicle, the processing time of a machine, etc.

Operations research has developed many algorithmic methods for cases that
can be formulated in a mathematical way, and often “time” plays no part in these
relations. An industrial system, however, is a complex system with many relations
and unexpected situations, and each operational transformation takes (or “costs”)
time; for this type of problem, simulation has proven to be a suitable approach.
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Efforts represent the number and duration of resource assignments, the use and
number of products and resources, and finally the control efforts. Both the number
of effort-requiring elements and the duration of use are important.

The state of a function is defined as a property at some moment in time, and
therefore duration must be translated into a value that expresses it at that particular
moment in time. According to in ‘t Veld (2002), the state is the result of input
signals and past behaviour, so the duration to be expressed at any moment is the
remaining duration. This becomes an expression for the moment in time at which
one (or more) value(s) among the set of values will change.

Example 6.1. Suppose a function is “busy” with a task that takes a total of three
hours. After one hour of work, a part of the state description of the function will
be: “function is busy for the next two hours”.

The example shows that the state of a function not only contains values of static
“observable” properties (e.g. busy/idle), but also the period of time during which
these properties will keep their current value (e.g. busy for two hours). The prop-
erties are derived from the static structure of the PROPER model, while the time
periods are derived from the properties of the input signals (e.g. execution times of
tasks, working schedules of resources, etc.). These periods must be reflected in the
behaviour property.

The PROPER model represents a function structure where each function con-
sists of an operational and control function. The steady-state model (Fig. 4.12)
shows all subfunctions in both functions. The model offers a structural way to
make an inventory of which functions may be necessary to achieve the desired
results. Consequently, defining the properties of each of these functions provides
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an overview of all internal properties of the overall function. As in the steady-state
model, not all properties are required (either because the subfunction is not re-
quired or the property itself is not required for modelling purposes); therefore, the
required properties will be denoted “significant” properties.

With respect to the behaviour reflecting the periods mentioned, the influence of
the environment must be taken into account. The regular part of environmental
influence comprises the input flows; beyond these, the function is influenced by
the environment in other ways. One may think of weather conditions or unpredict-
able phenomena that influence the progress of elements through the operational
function, such as the moment when a machine disturbance occurs. For this reason,
the period will be denoted an “expected” period.

Where the definition of in ‘t Veld defines the state in relation to input and out-
put (this is in fact an “outside view”), we add a definition that describes how the
state is composed (an “inside view”):

The state at some moment in time of an industrial system with a given structure
is a set of significant properties of the system, each of which have a value and an
expected period of time during which the value holds.

These “expected periods” will constitute the behaviour property of an industrial
system.

6.4 The Behaviour of an Industrial System

The behaviour of an industrial system can now be composed in two complemen-
tary ways (see Fig. 6.2):

1. As a set of moments in time (also called “events’) where the state of the system
changes.
2. As a set of periods during which the state of the system remains unchanged.

Both moments in time and periods are determined by the system itself, by other
systems and/or by the external environment. When they are determined by the
system itself, the term “internal” will be used.

Set of moments in time
<er1 Y. v \a \ AE

Period1 eriod2 Period3 i
o < . Period4

»

Set of periods

Fig. 6.2 Approaches to behaviour descriptions
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In order to decide which representation of behaviour is the most appropriate,
the purpose and use of the behaviour description (as an extension of the PROPER
model) are first recapitulated.

Firstly, the PROPER model is used as a common reference model for all disci-
plines involved and thereby supports communication between the disciplines. For
this purpose, the PROPER model provides a coherent frame of reference that can
be used in an interdisciplinary way. It is, however, a static picture of the system;
communication of and decision-making based on behaviour should be supported
too. Behaviour and state are added to this concept for the time-dependent descrip-
tion. This description should also be interdisciplinary.

Secondly, it must be easy to structure and detail the behaviour description; dur-
ing the design process functions are structured in different ways, and zooming in
will add details to the descriptions (see Chap. 9).

Finally, it must be possible to relate descriptions at different levels of detail
(aggregation layers) to each other. Decision-making proceeds during the analysis
and design process, and zooming in to one specific function should not mean that
it is isolated from preceding decisions.

Therefore, the major requirements for the behaviour description are: clarity,
structural flexibility, ability to detail, and hierarchy.

Behaviour is a complex property and it is better represented by a linguistic de-
scription rather than a value. The description explains when a state change occurs
and how the system reacts to a state change. The latter part is by definition a part
of the behaviour description of the system itself. A state change can be caused by
an internal or external cause. Therefore, the behaviour of a system is divided into
an internal part and an external part. The internal part contains the way in which
the system reacts to a state change and the way in which the system itself causes
state changes (for itself or for other systems). This internal part of the behaviour is
now defined as the “process” of the system.

The external part is represented by the behaviour of other systems. Therefore, the
state of a system is not always completely established by its own set of values (in-
cluding the process), but might be connected to the states of other systems and the
environment. This conclusion is completely in line with the principles of the sys-
tems approach: “an element cannot be studied in isolation from its environment”.

Returning to the two possible ways of describing behaviour, Example 6.2 is
used to illustrate both of them and to formulate the arguments for which approach
is preferable.

Example 6.2. An operational system transforms semi-finished products from an
inventory into finished products. It is assumed that the system is allowed to oper-
ate without tasks and that only one resource is permanently assigned to the opera-
tion. Therefore, the operation can focus solely on products and the order and re-
source flow can be skipped.

Products are selected from an inventory in first-in-first-out order; each product
transformation takes a certain processing time. If there are no products available
the system waits for a new product to arrive in the inventory.
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This is already a first process description, although provided completely in
natural language. To structure this description, three moments in time are distin-
guished where the state of the system changes:

1. A product arrives in the inventory
2. The system starts a transformation
3. The system finishes a transformation.

For the transformation there are two periods:

1. A period during which the transformation “works” on a product
2. A period during which the transformation “waits” for a product to arrive in the
inventory.

By definition, these periods cannot overlap, so they can be described as one se-
quence of periods and they must proceed in the order described. Another period
must be defined for the elements flowing from the environment into the function
through the system boundary:

3. A period between two successive arrivals of a product.

Figure 6.3 shows the moments in time and periods mapped to one time axis.

The terms “work™ and “wait” describe the type of “activity” during a period. The
generator’s periods are apparently all waiting activities for the next product arrival.

As shown in Fig. 6.3, moments in time may coincide. Two sequential period
descriptions are required: one for the transformation and one for the generation of
products. The next table shows both types of process description using natural
language. When interpreting these descriptions, the reader should always be aware
of the clock time of the system (which is used by all process descriptions). The
current clock time is denoted by “Now”.

Each moment in time and each process must belong to the behaviour of some
function Operation or Generate Products. This “owner” function is always explic-
itly mentioned. The same holds for properties. Therefore the property “inventory”
is denoted by Operation’s inventory. The owner is not mentioned explicitly when
the owner refers to its own property. The term “select” here means “select and
remove from inventory”. Once a period description is started, it runs by repeating
successive periods. This repetition is denoted by “repeat”.

Start work Start work Finish Start work
Finish Startwork gy
Transform | Ok wait work work wait work
L L L L
|

P Time
>
Generate wait wait wait T wait

Product arrival Product arrival Product arrival

Product arrival

Fig. 6.3 Moments in time and periods for an operational system
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Table 6.1 Two ways of describing processes

6 Behaviour of a Function: The Process

Processes with moments in time

Processes with periods

Moment_1 of Operation
If inventory is not empty
Schedule Moment_2 Now

Moment_2 of Operation

Select first product from inventory

Schedule Moment_1 after product’s
execution time

Moment_1 of Generate Products
Put new product in Operation’s inventory
If Operation is idle

Schedule Moment_2 of Operation Now
Schedule Moment_1 at next arrival

To schedule the moments in time:
Schedule Moment_1 of Operation Now
Schedule Moment_1 of

Generate Products Now

Periods of Operation

Repeat
Wait while inventory is empty
Select first product from inventory
Work product’s execution time

Periods of Generate Products

Repeat
Put new product in Operation’s inventory
Wait for next arrival

To start the processes:
Start Periods of Operation Now
Start Periods of

Generate Products Now

To illustrate this interpretation, the first steps of the processing sequence will
be explained for both approaches.

Using moments in time:

The clock time is set to zero, so Now = 0. First of all, two moments are “sched-
uled” to start the processes. Scheduling means that a moment is marked on the
clock at the position “Now”. Moment_1 of Operation is marked first, so the first
line to be interpreted is the one of this moment description. Here the Operation
checks the inventory. The inventory is still empty, so Operation does not schedule
Moment_2 and becomes “idle’’; now the next mark on the clock can be handled.
This next mark is Moment_1 of Generate Products. A new product is put in the
inventory of Operation. Having done this, Operation must be notified of the value
change of one of its significant properties (it is a state change of Operation). How-
ever, this value change is only significant if Operation is “idle”. If it is already
handling a product, then Operation must finish this product first before it can react
to this state change. This first time a product is added to the inventory, Operation
is indeed idle, so Moment_2 of Operation can be scheduled at this very moment
(“Now”). Finally, Generate Products marks its own Moment_1 on the clock so
that it will be notified the moment the next product arrives. This moment lies
somewhere in the future. The actions of Moment_1 are now finished and the next
mark on the clock can be executed; this mark is Moment_2 of Operation, etc.
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Using periods:
The clock time is set to zero, so Now = 0. First two period descriptions are “started”,
one for Operation and one for Generate Products. Both descriptions are marked on
the clock at the position “Now”. The period description of Operation is marked first,
so the first line to be interpreted is the one for this description. It reads “repeat”, and
this tells the reader to return to this point when the indented lines are passed. The
next line says that Operation will wait as long as the inventory is empty. If this com-
mand is followed, the condition is “kept in mind” and no mark is added to the clock
for Operation. The description cannot be continued because the inventory is empty,
and so, returning to the clock, the description of Generate Products is entered since
it is the next mark on the clock. After the repeat line, a new product is put in Opera-
tion’s inventory. This changes the condition “kept in mind” (Operation is watching
the inventory), but the description proceeds with “wait for next arrival”, which
marks this period description somewhere in the future and will then return to the
following line (which is “repeat”). Looking again at the clock, a condition is “pend-
ing” and one clock mark is available in the future. Before the clock advances to the
next mark, the condition is checked. Because there is a product available, the reader
now returns to the line in the description of Operation that follows this condition
check. The first product is selected and execution starts. This results in another
clock mark in the future. At that moment the clock time can be advanced, etc.

The following general conclusions apply (moment in time is denoted by
“event”):

1. When using events, there may be descriptions where no change of state appears
to occur. In the example, nothing seems to happen at Moment_1 of Operation
when the inventory is empty. One could argue that the operational state of the
system changes at that event from busy to idle. Although true, this is not clear
from the description itself and so it introduces ambiguity. The period approach
explicitly states that the system is “waiting” in this case. Periods always ex-
press a kind of “activity” or “passivity”.

2. The order in which events are described does not influence the course of the
process if the first event remains the same. One could exchange the order of
Operation’s Moment_1 and Moment_2; if the operation still starts with Mo-
ment_1 the course of the process stays the same. However, the course must be
explicitly mentioned by using “schedule” expressions. When periods are used
there’s no need for this, because the description order of the periods determines
the course of the process. This agrees with the way that natural language is
read: from top to bottom.

3. In the description of events, the next event is created by specifying when it
occurs. If no next event can be specified (as is the case in Moment_1 of Opera-
tion if the inventory is empty), it is impossible to “delay” the current event it-
self until the next event can be specified. For this reason, Generate products
must reschedule Moment_1. The description using periods is able to delay
events by extending the current period; e.g. by specifying conditional finish
times (“wait while inventory is empty”).



116 6 Behaviour of a Function: The Process

4. The sentence “select first product from inventory” can be added to the descrip-
tion of Moment_1 and to the description of Moment_2. There is no reason why
it should exclusively be assigned to Moment_2 (because they are the same
moments if a product is available); the only condition is that the product must
be selected before the function starts executing. This sequence condition is
automatically fulfilled when using period descriptions.

5. In the example, the events are named Moment_1 and Moment_2 of Operation. In
complex situations, it is advisable to name the events in such a way that they ex-
press what actually happens at that moment. The best expression for Moment_1 of
Operation would be “the system eventually starts waiting for a product”. The pe-
riod description actually uses this expression (“wait while inventory is empty”).

With respect to the first requirement of the descriptions—that they must be
clear—all conclusions show that the period approach is preferable so far. Each
function also has one and only one description of periods. From now on, a period
description will be called a process description.

The example is now extended to include tasks and resources. Then, according
to the PROPER model, the behaviour of both a perform system and a use system
must be described.

Example 6.3. The operational system of Example 6.2 now requires both a task
and a product to start the transformation. Beyond this, the resource must be shared
with other operations, so the resource must be explicitly assigned to this operation.
It is assumed that each order consists of just one task. A task is added to a task list
of the operation and selected in FIFO order.

The processes are shown in Table 6.2.

Looking at the descriptions in Table 6.2, the following general conclusions can
be drawn:

1. A number of conditions can be checked sequentially and fulfilled at different
moments when using period descriptions. When events are used, sequential
stepwise checking introduces an event for each condition.

2. By using period descriptions, the sequence of actions and conditions becomes and
stays clear. Interpreting a period description places the reader in the position of
the transformation itself. This enriches the problem formulation for the system.
For example, here tasks and products are selected at the moment a resource is as-
signed (upon knowing that at least one task and one product are available). What
happens if task and/or product data are needed to assign the resource? Questions
like these can easily pop up when confronting each discipline with period descrip-
tions. In this way, decision-making is supported during the design process.

3. Extending the number of functions involves extending the description with one
period description for each function (plus one generator eventually). The num-
ber of events, however, increases by more than one event for each function. In
complex systems the number of events explodes and explaing the behaviour
becomes a complex task. Kirkwood (2002) states: “Many people try to explain
business performance by showing how one set of events causes another or,
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when they study a problem in depth, by showing how a particular set of events
is part of a longer term pattern of behaviour. The difficulty with this ‘events
cause events’ orientation is that it doesn’t lead to very powerful ways to alter
the undesirable performance. This is because you can always find yet another
event that caused the one that you thought was the cause”.

. With period descriptions, each system is able to express that it is continuously
watching for a condition to become valid by means of “while” and “until”
clauses. With events, the condition can only be checked once; other systems
must take care of rechecking.

. If the name of the event description doesn’t express the action then the descrip-
tion is difficult to interpret. One carefully note the state of the system. For ex-
ample, at Moment_1 of Generate Products and Moment_2 of Perform, one
cannot simply test for “operation is idle”, because the operation can be idle for
more than one reason.

. Combining or splitting systems are straightforward tasks using period descrip-
tions. Suppose the perform system and operation system need to be combined
into one organisational unit. In this case, the description of operation can easily
be adapted by replacing the first line of its behaviour with the three lines of the
perform system. These tasks are not as straightforward when using events.
Moment_1 and Moment_2 of Perform cannot simply replace Moment_1 of Op-
eration, because Moment_1 is referred to by other events and all condition
checks must be reviewed.

Table 6.2 Two ways of describing processes

Processes with moments in time Processes with periods
Moment_1 of Operation Process of Operation
If task list is not empty Repeat
Schedule Moment_2 Now Wait while task list is empty
Wait while inventory is empty
Moment_2 of Operation Enter request list of Use
If inventory is not empty Wait until resource assigned by Use
Schedule Moment_3 Now Select first task from task list
Select first product from inventory
Moment_3 of Operation Work product’s execution time
Enter request list of Use Remove resource from busy list of Use
If Use is idle Put resource in idles list of Use

Schedule Moment_2 of Use Now

Moment_4 of Operation

Select first task from task list

Select first product from inventory

Schedule Moment_5 after product’s
execution time




118

Table 6.2 (continued)

6 Behaviour of a Function: The Process

Processes with moments in time

Processes with periods

Moment_5 of Operation
Remove resource from busy list of Use
Put resource in idles list of Use
If Use is idle

Schedule Moment_2 of Use Now
Schedule Moment_1 Now

Moment_1 of Generate Products
Put new product in inventory of Operation
If Operation is idle
And Operation Not in request List of Use
Schedule Moment_1 of Operation Now
Schedule Moment_1 at next arrival

Moment_1 of Perform
If order list is not empty
Schedule Moment_2 Now

Moment_2 of Perform
Select first order from order list
Put new task in task list of Operation
If Operation is idle
And Operation Not in request List of Use
Schedule Moment_1 of Operation Now

Moment_1 of Generate Orders
Put new order in order list of Perform
If Perform is idle
Schedule Moment_1 of Perform Now
Schedule Moment_1 at next arrival

Moment_1 of Use
Put new resource in idles list
Schedule Moment_2 Now

Moment_2 of Use
If request list is not empty
Schedule Moment_3 now

Moment_3 of Use
If idles list is not empty
Schedule Moment_4 now

Moment_4 of Use

Select first resource from idles list
Select first operation from request list
Schedule Moment_4 of Operation Now
Put resource in busy list

Process of Generate Products

Repeat
Put new product in inventory of Operation
Wait for next arrival

Process of Perform
Repeat
Wait while order list is empty
Select first order from order list
Put new task in task list of Operation

Process of Generate Orders

Repeat
Put new order in order list of Perform
Wait for next arrival

Process of Use
Put new resources in idles list
Repeat
Wait while request list is empty
Wait while idles list is empty
Select first resource from idles
Select first operation from request list
Assign resource to Operation
Put resource in busy list
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From the examples and the reasons given above, we thus conclude that the pe-
riod descriptions are superior to event descriptions for describing the behaviour of
systems. They are clear, brief and, to some extent, unambiguous. Period descrip-
tions are also easily detailed and are flexible when dealing with different struc-
tures. For these reasons, only period descriptions will be elaborated further here.

6.5 Basic Concepts of Process Descriptions

In Sect. 6.3 the state of an industrial system was defined as a set of significant
properties, each of which has a value and an expected period during which the
value holds. The process description used to describe these periods was derived in
Sect. 6.4. In this section, the ways in which the properties themselves appear in
a process description are investigated and general concepts will be derived. For
illustration purposes, the process descriptions in Table 6.2 will be used. The way
in which the time durations of periods can be described will then be defined,
which will lead to a property that describes the state of the process of a system.
The PROPER model is normally used when moving from a global model to
a network of detailed models. This process of “aggregation” or hierarchy and its
effects on process descriptions will be investigated in Sect. 6.5.3.

6.5.1 Properties

The types of properties of an industrial system are derived from the PROPER
model of Fig. 6.5. The first distinction is:

1. Properties of the horizontal flows: order, product and resource (flowing through
perform, operate and use)
2. Properties of the assignment and task flows between aspects (between use and
operate and between perform and operate)
. Properties of the control and transform functions themselves
4. Properties of vertical flows (flowing through control).

W

6.5.1.1 Properties of Horizontal Flows

Horizontal flows represent input elements that will be transformed into desired
elements.
Properties of these flows can therefore be delineated into two different types:

e Properties describing the state of the elements in a flow
e Properties describing the state of the flow itself.
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Significant properties of the elements are the ones that are changed or used by the
transformation and the ones that describe the “position” of the element in the trans-
formation: is it on the input side, is it being transformed, or has it been transformed?

In fact, this means that the flow itself can be divided into three interconnected
parts: an input flow, a throughput flow and an output flow. The flow properties
therefore reflect collections or sets of elements in each part of the flow. This “set”
notion will be shown to be a generic concept over the next few pages. To describe
the dynamic behaviour of these sets, the flow’s input rate must be defined; this
represents the number of elements entering per time unit. This input rate may be
the result of a preceding transformation function; in this case no explicit definition
is required. If the elements enter the system from the external environment then
the input rate must be defined explicitly.

The flow rate of elements passing through or leaving the transformation is the
result of the transformation itself, so they are not defined explicitly. They will be
measured instead.

This leads to the following general property types.

Flow properties are: ~ Input set
Throughput set (work in progress)
Output set
Flow rate: number of elements per time unit entering
the input set.
A flow element has:  Properties that will be changed or used by the
transformation
Properties from set membership.

Referring to the example of Table 6.2, the following properties can be recognized.

The inventory is the input set of the product flow of Operation; the order list is the
input set of the order flow of Perform; and no input set of the resource flow of Use is
defined. Operation and Perform don’t have throughput and output sets defined in
their respective flows. The Use function has two sets representing the throughput set:
an idle set and a busy set. Each resource can only be in one of these sets. The con-
junction of both sets represents the total number of resources in the Use transforma-
tion. The throughput set is split to reflect the “state” of the resource: idle or busy.
This illustrates the use of set membership to represent state properties of elements.

Flow rates are only indicated globally. Both the order flow and the product
flow are generated from the environment; for this purpose two generating func-
tions are introduced. Their process descriptions contain the sentence: “Wait for
next arrival”. This sentence can be extended to quantify the rate; “next arrival” for
example could be replaced by “20 minutes” or a stochastic expression such as
“sample from an exponential distribution with an average of 20 minutes”.

Tasks are the only elements that have a defined property: the execution time.
There are, however, some other properties that are implicitly defined by the proc-
ess description itself: “an order consists of one task only” and “there is only one
resource”. Changing these properties will lead to the adaptation of the process
description.
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Fig. 6.4 The course of flows between perform, operate and use

6.5.1.2 Properties of Flows Between Aspects

To define the properties of the flows between aspects, the black box of the Operate
function is opened as illustrated in Fig. 6.4. In this figure, sets are represented by
triangles; “I” stands for the input set, “T” for the throughput set and “O” for the
output set.

Task and assignment flows are considered to be input flows of the operation
function. In the example of Table 6.2, only one input set has been defined explicitly:
the task set. For readability purposes, the input set of resources has been implicitly
used by “assign resource to operation” and “wait until resource is assigned”. If the
input set of resources is called Assignments, then this can easily be rephrased into
“put resource in Assignments” and “wait while Assignments is empty”’.

In general, the properties of these flows are therefore the same as the properties
of the horizontal flows.

The concept of sets clearly facilitates the expression of a function’s state
changes. It even supports decision-making in cases when these sets can contain
more than one element, because a selection method is automatically required. In
the example all selections are made in FIFO order, but this can easily be changed
to more complex strategies with the same concept.

6.5.1.3 Properties of the Control and Transform Functions

Most state properties can be derived from the properties defined so far (flow rates,
sets—including their contents) when systems are considered black boxes. The
contents of the black box can be represented using the set concept of the flow
properties; the dimensions of a system can easily be derived if the entities have



122 6 Behaviour of a Function: The Process

properties of space, weight, etc. Measuring the length of stay of elements in a set
even results in properties such as lead time, waiting time, etc. The set concept can
thus be used to represent the properties of the black box as a whole.

One property, however, has not been considered yet: disturbances. The exact
moments of disturbances are by definition unpredictable, but disturbances can be
well-represented by a flow and its rate (the well-known mean time between fail-
ures, MTBF). These flows are described in analogy with the stochastic flows from
the environment. Elements of a disturbance flow are called disturbance; their only
special property compared to other flows is that immediate reaction is required
when a disturbance “arrives”. A disturbance influences the running period of the
process. How to deal with this property will be explained Sect. 6.5.2.

6.5.1.4 Properties of Vertical Flows (Flowing Through Control)

Data flow through the control functions vertically. Usually transformation func-
tions are assumed to react based on the data resulting from control. The control
function itself may or may not use periods to transform data.

The control function of Fig. 5.5 consists of two connected data handling func-
tions:

o The standardization function, consisting of initiation and evaluation.
— The initiating function:

o Translates the needs of the environment into standards for all significant
properties of the transformation

o May change the standards in the case of structural deviation of the results
of the transformation.

— The evaluating function:

o Measures the results of the transformation
o Reports structural deviations between standards and results to the stan-
dardization function.

e The intervention function, containing feedback, feed forward and repair of
deficiencies.

These both react to individual deviations between measured (“real”) values and
standard values.

The properties of control functions are often quite specific. The standards must
be formulated in terms of the contents of the transformation. Usually this results in
standards for the number of elements in sets (representing maximum or minimum
inventory levels, number of tasks waiting, available resources, etc.) and the ex-
pected residence times in sets (representing desired lead times, accepted waiting
times, etc.). The level of detail to which the control function is described depends
on the stage of the design process.
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There is a clear relation between input, efforts and results. If two of these three
factors are known, the third factor can be determined. Assuming that the input of
a function is known, there are two different types of goal setting for simulation
modelling:

e Determine the efforts needed to achieve the desired results
e Determine the results obtained if these efforts are expended.

The first type is characteristic of decision support during global design; the
second is characteristic of decision support during detailed design. Control will
not usually be described during global design. Here the goal is to determine the
expected values of the properties mentioned using best and worst case analysis
and by sensitivity analysis. These expected values can be used as standard values
during detailed design.

Control functions will usually evolve during detailed design. This means that it
must be possible during the design to add standard values to the sets of a transfor-
mation and to the output flows. This requirement will be investigated further in
Sect. 6.5.3.

6.5.2 Characteristics of “Periods”

6.5.2.1 Discrete and Continuous Systems

Periods describe intervals in time during which the state of a function does not
change with respect to its significant properties. Systems where these “constant”
periods occur and the state changes instantaneously are called discrete systems. In
continuous systems, the function states change continuously. If a continuous sys-
tem can be modelled in such a way that the values of its continuous properties are
only significant at discrete moments in time, then the behaviour of such a system
can be modelled by means of periods. Therefore the distinction between discrete
and continuous systems must be considered a modelling criterion; it is not an
a priori difference between systems.

6.5.2.2 The State of a Process

It can be concluded from the definition that a period starts after a state change and
ends with another state change of the function. The system’s clock time advances
between these state changes. The system’s clock time is the time that all functions
are synchronized to.

A state change is represented by a moment in time (event) and a (finite) de-
scription of the property values changing at that moment in time. A change in state
is required for a period to start. From that point on, it is sufficient to specify the
moment in time of the first future state change to fully define the coming period.
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If this moment in time is known, the period can be described by “advance the
system’s clock time until the next state change”.

The fact that no state change occurs during the period does not mean that the
function is “doing nothing” or “makes no progress”. It only expresses that the
current state remains unchanged with respect to the significant properties, but the
current state can be “working” (for a machining function), “driving” (for a trans-
portation function) or just “waiting” (for a transformation to the next job). There-
fore, “work until next state change”, “drive until next state change” or “wait until
next state change” all express a period (see also Tables 6.1 and 6.2). Indeed, it is
one of the major advantages of using periods (with respect to communication
between disciplines) that they can be expressed by verbs related to the ongoing
activity. We will use the general verb “advance” to express a period.

The other aspect of a period definition concerns the phrase “until next state
change”. Three situations can be distinguished:

1. The moment in time of the next state change is known exactly.

2. The moment in time of the next state change is not known, but the condition
required for it to occur is known.

3. Neither the moment in time nor the condition are known.

Ad 1. If the moment in time is known exactly, the duration of the period is also
known exactly, so it is fully defined by “advance x time units”. The usual units of
time, such as seconds, minutes, etc., can be used here. The only condition is that
they must be clear. In this case, the process is said to be in the scheduled state.

Ad 2. Here the moment in time is not known, but the condition is known. In this
case, an unambiguous expression of this condition is sufficient. A condition can be
expressed in two ways:

e The period continues as long as a condition holds; the period is defined by
“advance while the condition is satisfied”

e The period ends if a condition is satisfied; the period is now defined by
“advance until the condition is satisfied”

In the example of Table 6.2, both alternatives are used. The operation specifies
a period with “wait while the task list is empty” and another period with “wait
until resource is assigned”. Again, the process is said to be in the scheduled state.

Ad 3. Both the moment in time and the condition are unknown: the length of
the period is indefinite. For these cases, the word “advance” is used without fur-
ther specification. No state change will occur unless another function (in the sur-
rounding system or the environment) creates one. This can only be awakened by
external circumstances. In these cases, the process is said to be in the suspended
state.

To conclude this paragraph, there is one process state left that needs to be de-
fined. The suspended and scheduled states both reflect periods, but at the instant at
which the state changes there is no defined period. Therefore, at the moment that
a function handles a state change, the process is termed active. A process auto-
matically becomes active at the end of a period in its process description.
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Therefore, the “value” of behaviour consists of two parts: a process descrip-
tion and a process state, which can so far take the values “active”, “scheduled”
or “suspended”.

Figure 6.5 summarises the state transitions of a function’s process. These transi-
tions are caused by the function itself via “advance” clauses in its process descrip-
tion. The active state is not shown, because it reflects an instant rather than a period.

6.5.2.3 Process Interventions

If a process is suspended, it will not proceed without intervention from the func-
tion’s environment. Therefore, facilities are required to intervene with the progress
of the process of a function. Interventions can be divided into two categories:

e Regular interventions
e Disturbance interventions.

Regular interventions are best explained using the example in Table 6.2. Con-
sider the next lines from the processes of Operation and Use:

Process of Operation Process of Use
Enter Request list of Use Select first Operation from Request list
Wait until resource assigned Assign resource to Operation

This part can also be formulated as follows:

Process of Operation Process of Use
Enter Request list of Use Select first Operation from Request list
Wait Assign resource to Operation

Resume Operation
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Here the process of Operation proceeds only if another process (in this case the
process of Use) tells it to do so. The expression “resume” is introduced to do this.

Resuming a process of a function is the same as resuming the function, because
each function can have only one process description. By using resume, the process
of operation resumes progress at the line directly after “wait”. Resume introduces
a new state change from outside the function. The function that causes this must
be confident that the receiving function is able to respond to this state change (i.e.
it is “suspended”). If the Operation’s process is in a scheduled or conditioned
state, the period of Operation has already been defined (in other words, Operation
is watching the clock time or the condition specified for that period and nothing
else). Therefore, Operation would not recognize the state change introduced.

For reasons of readability (and therefore communication), we prefer to mini-
mise the use of indefinite periods (and thus to use formulations like the ones in
Table 6.2).

There are, however, two regular interventions that are necessarily caused by the
environment of the function:

e The process of a function must be initiated
e There may be circumstances where the process must be stopped.

To start the process at some moment in time, the sentence: “start function at T”
is used (the process now changes from a suspended into a scheduled state). As
soon as the clock time T is reached, the process will start with its first line and
follow its description.

To stop a process, the sentence “stop function at T” is used and the process de-
scription is abandoned at clock time T.

Before starting a process and after a process has been stopped, the state of the
function is considered suspended.

Disturbance interventions interrupt a process, whatever state it is in, and the
function must react immediately to it. The only exception is a process that is ac-
tive. Such a process cannot be disturbed, because the active state takes place in-
stantaneously: the simulation clock does not advance. As soon as the process de-
scription encounters an advance statement, the disturbance is effected.

Usually the reaction of a function will be to do nothing until the disturbance
disappears. This is a typical reaction in the case of bad weather conditions or tech-
nical disturbances. Of course, repairing disturbances can be a complex task, but
one that is usually performed by other functions (maintenance or service). A dis-
turbance will be expressed with “cancel function”. The state of the process imme-
diately changes to “cancelled”. The process can be resumed after resolving the
disturbance in three ways:

e The process must finish the period that it was passing through before the dis-
turbance. The process then returns to the original state. If it was scheduled, the
duration of the period will be the remaining period at the moment it was can-
celled. In terms of the process description, the process “proceeds with the line it
was executing”. This result can be accomplished with the sequence:
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Cancel function (start of disturbance)

Proceed with function (end of disturbance)

In-between, the causing function can describe the actions it performs to deal
with the disturbance.

e The process must resume, but the period it was in at the moment the distur-
bance occurred is skipped. For example, a product that was being handled is
removed during the disturbance and transferred to another function. The proc-
ess may now proceed as if the period is finished and deal with the next state
change. Again, in terms of the description, the process resumes with the line
immediately following the period before the disturbance. Now the sentences
will read:

Cancel function (start of disturbance)

Resume function (end of disturbance)

e Finally, it may be necessary to restart the process completely. In this case, the
sentences are:

Cancel function (start of disturbance)

Start function (end of disturbance)

So after a Cancel phrase, a process may proceed, resume or start over.

The process interventions cause transitions in the function’s process state.
These are shown in Fig. 6.6. This shows that cancel and proceed can be requested
for any state of the process that was initiated with an advance statement. A stop
request changes the state of the process into suspended. Proceed always returns the
process into the state it was in at the moment that it was cancelled. Start and re-
sume always result in the process becoming scheduled.

create l

Suspended

destroy

A
advance

cancel
finish

start
proceed
resume

Scheduled

Fig. 6.6 State transitions advance (t)
with an external cause advance (while condition)
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Start forces the process to execute its description from the first line, while re-
sume forces it to continue with its description from the line immediately following
the point where it was cancelled.

6.5.3 Aggregation

Each function is part of a function structure. The static relations are visualised by
the PROPER model and the time-dependent relations were described in terms of
processes in the preceding paragraphs. During the design process, a hierarchy of
PROPER models will be created that represent a number of aggregation layers.
Each aggregation layer is based on the results of decision-making in preceding
aggregation layers. This shows itself in:

e Refining standards and efforts
¢ Dividing functions into a structure of subfunctions.

Both actions result in detail being added to the original input signals. In Fig. 6.7
the positions where input signals are transferred between aggregation layers are
shown.
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Control XY

| :

— Stratum N+1 Stratum N+1
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Control X Control Y
4
A A
! 1 v > y — >
' > o
[ > Transform X Transform Y — E>
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Fig. 6.7 Signals passing between aggregation layers
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A function XY is shown at aggregation layer N. Zooming into one step results
in two subfunctions X and Y at aggregation layer N+1. There are two kinds of
areas where signals are transferred:

e A: for the physical signals of order, product and resource flows
e B: for the control signals.

First focusing on the two areas designated A, an example will again be used to
illustrate the effects of aggregation.

Example 6.4. Suppose the transformation XY at layer N represents a painting
function. Transformation X at layer N+1 represents cleaning and transformation Y
represents colouring. Products can be painted in two colours; 50% of the products
must be painted colour A and 50% colour B. If two successive products have dif-
ferent colours then a cleaning action is required first. This takes two hours. The
painting operation itself takes five hours. The function model at layer N does not
distinguish between cleaning and colouring. The following table shows the proc-
ess description at each layer as if they were developed completely independently,
without any exchange of elements.

Table 6.3 Two aggregation layers compared

Processes at layer N Processes at layer N+1
Process of Painting Process of Cleaning
Repeat Repeat
Wait while inventory is empty Wait while inventory is empty
Select first product from inventory Select first product from inventory
If Sample Uniform[0,1] < 0.5 If product’s colour differs from last colour
Work 2 hours Work 2 hours
Work 5 hours Resume Colouring

Wait while Colouring is busy

Process of Colouring

Repeat
Work 5 hours
Wait
Process of Generate Products Process of Generate Products
Repeat Repeat
Put new product in Painting’s inventory Put new product in Cleaning’s inventory
Wait for next arrival Determine product’s colour

Wait for next arrival

The description at layer N can be considered to be part of a model to estimate
the painting costs. No specific colour information is needed and it is therefore
modelled by the sentence “If Sample...”. The descriptions at layer N+1 can be
used to determine product selection strategies. The first product is chosen in the
example, but this can also be rewritten as “Preferably select a product with the
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same colour first” to minimise the number of cleaning operations. The main dif-
ferences between the processes at layer N and N+1 are:

e The function Painting is split into two functions, Cleaning and Colouring
e A product is assigned a property “colour” at layer N+1.

The models can be used in a hierarchical structure; for example, the description
of layer N is part of a complete manufacturing model and it is necessary to check
the effects of the descriptions at layer N+1 on the results of layer N. In this case,
the process description of the Painting function becomes dependent on Cleaning
and Colouring. The lead time of the product is now determined at layer N+1, so
the sampling phase and resulting periods of two and five hours must be replaced
by “Work”. The Painting process now simply waits until a signal is received from
layer N+1 that a painting operation has finished. The selection of products has also
shifted to layer N+1, so this line must be skipped from the description of Painting.
The products are still generated at layer N (in this case by a generator, but they
may also be the result of preceding functions at this layer), and this cannot be
shifted to the next layer. The generator at layer N+1 must be removed.

According to Fig. 6.7, there are two moments in time at which the layers exchange
elements. The first one is when an element enters the lower layer and the second
one is when it leaves the lower layer (or enters the higher layer). These moments
can be positioned precisely and are assumed to be caused by the layer the element
leaves. The action of leaving a layer will be expressed by “send element to layer X”.

Products must enter layer N+1 at the moment they enter the painting function;
this is where they are put into the Painting’s inventory. Therefore, the description
of the generator must be expanded. Products leave layer N+1 at the moment they
are finished by Colouring, so this description will also be expanded. If elements
can be sent to a layer, the addressed layer must be able to receive them. To do this,
a reception function is introduced at each layer.

This leads to the hierarchically related descriptions shown in Table 6.4.

The process of Painting will now be “working” as long as there are products in
its inventory, just as it would be in the description of Table 6.3. Product selection
of and operations on them are now completely moved to the next aggregation layer.

The transfer of control signals is represented in Fig. 6.7 by area B. In Sect. 6.3,
they were divided into standards and interventions. Transferring standards is
a matter of defining new (more detailed) standards. Different aggregation layers
are, however, unaware of each other’s standards. In Example 6.4, layer N is un-
aware that cleaning and colouring are separate functions, so it certainly doesn’t
know what kinds of standards are defined. The same statement holds for measur-
ing results in terms of standards. There is one condition however: the functions
must preserve the same behaviour as in the standalone approach. For example, if
the occupation of the painting function in Table 6.4 is calculated by measuring the
periods where this function “works” or “waits”, then this can be achieved in the
same way as in Table 6.3. The measured values can be different of course.
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Table 6.4 Hierarchically related processes

Processes at layer N Processes at layer N+1
Process of Painting Process of Cleaning
Repeat Repeat
Wait while inventory is empty Wait while inventory is empty
Work Select first product from inventory
If product’s colour differs from last colour
Process of Generate Products Work 2 hours
Repeat Resume Colouring
Put new product in Painting’s inventory Wait while Colouring is busy
Send Product to layer N+1
Wait for next arrival Process of Colouring
Repeat

Work 5 hours
Send product to layer N
Resume Cleaning

Wait
Process of Reception_from_N+1 Process of Reception_from_N
Remove product received from Determine product’s colour
Painting’s inventory Put product in Cleaning’s inventory

Cancel Painting
Resume Painting

Interventions can be handled in a similar way to the physical signals. Each in-
tervention at aggregation layer N may have consequences at all lower layers. For
example, if a control at layer N in Example 6.4 decides to stop the painting func-
tion for a while, then this action must be transferred to layer N+1, because clean-
ing or colouring must also be stopped. This can all be achieved by using the same
send and receive concept.

Finally, disturbance signals are considered local to each aggregation layer and
these signals do not pass through layers. A disturbance signal is received at one
layer and may influence the processes at another layer (up or down), but this must
be done by a control function at the receiving layer. For example, a disturbance of
the colouring function also interrupts the painting function at the higher layer. This
intervention is equal to the “stop” sequence discussed earlier.

6.6 Case: Simulation of the Flight Department

Now let us return to the case of the flight department in Chap. 3.

Veeke (1982) presented the application of process-oriented simulation to this sys-
tem. From a simulation point of view, this system is rather simple. It however clearly
illustrates the differences from a management approach. Where the management
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approach looks for an acceptable balance between results (lead times, delivery
rates) and costs, and therefore adapts the organisation, the simulation approach
considers the organisation to be fixed and looks for minimum requirements to
cope with stochastic phenomena. In order to illustrate this last approach, we will
now describe the behaviour of the system at the level of Sect. 3.3 and then discuss
the first experiments performed with the simulation model.

For simulation purposes we will skip the first flight inspection and preparation
for delivery. These functions appear to be constant in time, and can be added to
the results.

The model will focus on test flights and repair deficiencies. The process de-
scriptions are shown in Table 6.5.

The calculations presented in Sect. 3.3 showed that 18 positions would be re-
quired in the hall.

This number of positions was actually provided, but this ignores the term “av-
erage”. Now there are two options. The first is to organise the flow of airplanes in
such a way that an empty position in the hall can be occupied immediately; this
option was selected in Sect. 3.3. The other option is to accept the “average” of 18
occupied positions and find a number of positions that would be capable to realise
this number.

Using the simulation model, it was shown that the number of occupied posi-
tions ranges from 10 to 28. The availability of 28 positions is required to realise
a theoretical average number of 18 occupied positions. Based on the simulation
model, it was further shown that the availability of 20 positions would be suffi-
cient to approximate the required output of one airplane every 1.5 working days.

Table 6.5 Processes in the flight department

Process of Test_Flights Process of Solve_Deficiencies
Repeat Repeat
If there are airplanes waiting For all airplanes in hall do
Test all airplanes for 1 day Airplane.repairtime =
For each airplane tested Airplane.repairtime - 1 day
Airplane.NrofTestFlights = If Airplane.Repairtime = 0 Then
Airplane.NrofTestFlights -1 Deliver airplane to Test_Flights
If airplane.NrofTestFlights = 0 While there are free positions
Deliver airplane to customer and airplanes waiting
Else Put first airplane on a free position
Deliver airplane to Solve_Deficiencies Airplane.repairtime = sample of Fig. 3.2
Else Wait 1 day
Wait 1 day
Process of Deliver_To_Flight_Department
Repeat
Wait 1.5 day

Create new airplane
new_airplane.NrofTestFlights = sample from Uniform(3,15) + 1 abort
Deliver new_airplane to Test_Flights




6.7 Conclusions 133

It was shown that the average number of occupied positions would be 17.9, and
the average occupation of a position would be 89.5% (= 17.9/20).

From this last result another conclusion can be drawn; the simulation model
used an infinite capacity approach to determine the number of positions required.
If at a later stage another number of positions is decided on, then it is immediately
clear what the utilisation of the positions will be. For example, if 20 positions are
selected, then the occupation should be 18/20 = 90%. Because the experiment with
20 positions resulted in less occupation than this (89.5%), the delivery rate will not
be 1.5 airplanes per day on average.

The simulation study tackled the issues described in the paragraphs of Chap. 3,
such as the influence of bad weather and the required number of radar test cars.
We showed the effects of selections made in terms of resources and delivery rate.
The simulation showed that the selection of Fig. 3.11 as the organisational ap-
proach for dealing with radar and mechanical deficiencies is preferable. It requires
at least one radar test car less than the selected option of Fig. 3.12.

In reality, the case took place in the 1960s and, at that time, it was impossible
to create a process-oriented computer simulation for it. If, at that time, computer
simulation was available and was used in the way described here, the questions
could have been discussed together, and management would have been aware of
the consequences.

From the example above, it can be concluded that behaviour descriptions (and
finally computer simulation) are able to support decision-making, from the very
first global modelling steps until the final detailed steps.

6.7 Conclusions

In the previous paragraphs, it was shown that the behaviour of a function can be
completely described with a coherent frame of reference, which is based on natu-
ral language. It also uses natural language to express decision-making items and
offers the flexibility to describe behaviour under any circumstance and to any
degree of detail. The number of strictly defined terms in this concept is limited and
as easy to adopt as a schematic representation of static function structures such as
the PROPER model. Above that, the terms are not bound to a specific discipline
and are thus interdisciplinary. As such they support a common description and
understanding of the system’s behaviour.

Behaviour is a time-dependent property and the notion of time (or periods) is
introduced in process descriptions by using time-consuming verbs. The interpreta-
tion of process descriptions is straightforward and can be achieved by reading
them function-by-function.

For human interpretation the descriptions seem unambiguous. However, in or-
der to be used for simulation purposes they must be unambiguous with respect to
automated interpretation. We will not address this issue further here.
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Chapter 7
The Case of the Ship Engine Factory

Abstract. The use of the PROPER model and the steady-state model are illus-
trated in this case of a ship engine factory. First, the PROPER model is used to
describe the primary processes globally. Then two steady-state models are devel-
oped: one for the material flow and one for the order flow. The case concerns an
existing organisation where the models are used as a diagnostic aid. They are used
to explore the actual course of business and to find the correct problem. All activi-
ties in the factory are assigned to the proper functions in two steady-state models.
From this questions arise, and they lead to the problem formulation. This case also
shows that the models can be used to complete the information required.

7.1 The Models as a Diagnostic Aid

When we design a new organisation with a new objective, we work in a theoretical
way by first designing the simplest model and then removing eventual drawbacks
by adding functions. We can skip part of this design process by starting immediately
with the PROPER model and applying the steady-state model for an aspectsystem.
In this way we will design a theoretical “as-it-should-be”-model, to which the future
organisation should comply. We thus start from an empty situation and fill it up
aided by knowledge of this model. The model is used as a construction tool.

In many cases, however, there is an existing organisation, but there are certain
complaints about the poor functioning of it as a whole. The organisational expert
could of course retire to a room with a group of fellow workers and design a new
organisation using the previous method, as if nothing had existed before. Some-
times this may be the preferred method, but we then run the risk of overlooking
existing experience and introducing new complaints. In addition, nobody is able to
compare the old organisation with the new organisation. Why the existing organi-
sation is failing to function properly remains unclear. It is therefore always neces-
sary to create a diagnosis of the facts for the existing organisation before the
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development of new models. The existing situation, however, is obscure, and it is
difficult to determine which functions do not perform well or are even completely
absent. In order to take stock of a complex situation, the appropriate method is to
create a model. A model is a simplified system at a higher aggregation layer than
the system to be studied. When that “as-is” model is ready, we should first of all
check up on the agreement of the as-is situation found in practice with and the
opinion of the company about what the current situation should be: the current
“as-should-be” model. For example, we may conclude that the input should be
checked and were originally of the opinion that this was being done, but we find
from the as-is model that this is not the case at all. Maybe the actual introduction
of an input check will solve the stated problem. If the as-is model however corre-
sponds to the current as-it-should-be model, we can, armed with all preceding
knowledge, try to recognize the issues with the current as-it-should-be model.
After that, we can solve these complaints by improving existing functions, by
rearranging existing functions, or by introducing new functions. We then design
a new as-it-should-be model.

It is more difficult than it seems at first sight for an organisation to set up and
analyse an existing as-is situation and to construct the as-is model. However,
among all of the preceding knowledge there are some points of condensation,
where the knowledge is gathered into theoretical models. We are now able to see
the existing as-is situation through the spectacles of those theoretical models. For
example: we look through the spectacles of the steady-state model for the diagno-
sis. In the next section we will describe a particular situation in terms of the
steady-state model. By doing this, the reader will learn to recognise the theoretical
functions. Moreover, the final result of this exercise offers two examples of the
application of the steady-state model in practice. The case is based on a real situa-
tion in a company.

Section 7.2 describes the technical-organisational course of the business in an
engine factory. (Of course, we can also distinguish a commercial aspect, a finan-
cial aspect, etc.)

7.2 Description of the Existing Situation

Absolutely no technical knowledge is required to analyse and solve this case.

This ship engine factory constructs rather powerful ship engines. The construc-
tion of the engine is such that the power can be adapted to the wishes of the customer
by providing the engine with more or fewer cylinders. Usually an engine contains
from six to twelve cylinders. Therefore, the production capacity is expressed in
terms of number of cylinders per year. This capacity is currently 200 cylinders per
year, which is around 25 engines per year. The yearly turnover is 60 million euros.
There are 150 operational employees and 80 staff members are engaged.

The main task of the production process is to assemble purchased parts.
These parts are partly commodities, and partly parts produced by third parties and
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engineered on order; the factory has also a small manufacturing department. This
department is situated in a separate shop and operates rather autonomously.

Some of the activities of the company consist of offering services and deliver-
ing spare parts for these engines. The delivery of spare parts is commercially very
important, because it forms a large part of the profit. The slogan of the company
can therefore be described as: “Constructing an engine is an investment in the
delivery of spare parts”.

The assembly is completely organised as a production line. One can distinguish
several subdepartments. The following are executed synchronously, and thus in
parallel: the pre-assembly of cylinders, the processing of crankshafts, and the start
of carter frame welding. The latter will be followed by the boring and assembly of
the carter. The final assembly will then assemble these three units into one engine.
Finally, the engine is submitted to running tests. These tests take place in a testing
station, where three people are working, in the presence of the customer. These
three people will solve the detected errors.

Due to the organisation of the production line, engines will sometimes be ready
too soon compared to the required delivery time. These engines are then stored in
a corner of the assembly shop.

Upon delivery of the engine, extensive user manuals and books for spare parts
are also delivered. These manuals are written by a department of five people that
adapts them specifically to the engine.

During sales negotiations, the sales department, together with the customer,
formulates the requirement specification for the engine to be delivered. They there-
fore stay in contact with the construction department in order to guarantee the tech-
nical feasibility of the engine and to stay within the capabilities of the company.

Sales, however, are running very irregularly. The order book between “sold”
and “‘start assembly” varies from zero to ten engines. Outsourcing the assembly is
impossible. If a customer asks for a shorter delivery time than the time calculated
from the sequence of order entry, then the only possibility is to change the con-
struction sequence of the different orders. However, once the construction of an
engine in the shop has started, the sequence cannot be changed there anymore.
A subsequent order can only move forward in the order book between “sold” and
“start assembly”. The possibilities associated with this are being investigated by
the planning department in consultation with the sales department.

Once the requirement specification of an engine has been established, the proc-
ess planning department (PPD) prepares index cards based on the sales specifica-
tion, including customer wishes. Using these index cards, the parts that are re-
quired for this engine are determined. All parts are identified with article cards,
which are selected from a file containing 18,000 different cards. The production
line is divided into segments, so each article immediately receives a date on which
it should be supplied to assembly. Then the task will move to the materials de-
partment, which makes a reservation for the necessary parts on a storage card.
Normally, all parts should be in stock because a minimum-stock system is used.
The materials department distinguishes three groups of parts:
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e A parts, yielding a yearly turnover of more than 20,000 Euros. These parts
represent approximately 10% of all parts

e B parts, with a yearly turnover ranging from 2500 to 20,000 Euros, and which
represent about 20% of all parts

e C parts, with a yearly turnover of less than 2500 Euros, and which represent the
remaining 70% of all parts.

For the C parts, the warehouse works with a so-called two-bin system. One of
the bins contains the minimum stock. When this bin is used, a fixed number of
parts are ordered. A minimum-stock system is also used for the A and B parts. The
amount ordered, however, is based on the demand forecasted for the coming year.
In all cases, reaching the minimum-stock value—by reservation or removal of the
delivery of spare parts—leads to the ordering of new parts by the materials
Department from the purchasing Department. When the part needs to be made
in-house, the materials department makes a direct order to the manufacturing
department. When the part has been manufactured, it arrives, just like the other
externally ordered parts, at the expedition department. An order made to the pur-
chasing department leads to a request for prices and delivery times to potential
suppliers. Based on the quotations of suppliers, a supplier is selected. The order is
sent to the supplier and a copy is sent to expedition. Storage rules, such as the
minimum-stock levels, the number of parts to be ordered, etc., were established
five years ago by an external consultancy.

Although the parts should always be in stock at the moment that PPD demands
them, there is often a shortage of parts. Lately these shortages have been increas-
ing. Once a shortage of a part is noticed at the moment of reservation by the mate-
rial department, a warning is sent to the purchasing department. Normally, based
on the standard procedures, an order for that part should have already been placed.
The purchasing department checks for this, and if an order has not yet been placed,
prices and delivery times from suppliers are requested (as mentioned earlier) and
anew order is placed. Again, a copy of the order is sent to the expedition department.

Thus, the expedition department receives all parts from the external suppliers as
well as parts made in-house by the manufacturing department. Once a part arrives,
a copy of the corresponding order is searched for and attached to the part. After
this, both the part and the order are shifted to material control, who check the part
against the specifications provided by the construction department. If some parts
are rejected, material control returns the complete shipment to the supplier. If the
quality is acceptable, then the number of parts received is counted. Shortages are
immediately reported to the supplier and the received goods are then transferred to
the warehouse. Material control communicates directly with suppliers about mat-
ters concerning quality. The purchasing department, however, handles communica-
tions about shortages and keeps reminding the supplier until everything is received.

The described procedure for looking up parts using index cards is done only
four weeks before the planned start of assembly. The parts are removed from the
warehouse and stored in intermediate storage, sorted by index card. The job can
only be assigned to assembly if all necessary parts are available. Besides delivering
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parts to assembly, the warehouse also delivers parts to the service department for
customers ordering spare parts.

When the assembly orders are issued, they are sent to the foremen of the initial
departments. The foreman reads the real starting date from a graph that has been
made by planning for this production line. Planning checks progress along the
production line based on this graph weekly. Throughput times on this graph are
also based on the standard times established by the ergonomist of the company.
Both the ergonomist and the planning department watch the feasibility of these
standard times and the planned delivery dates continuously. If certain times con-
tinue to appear to be unfeasible, new labour studies are performed.

About 200 cylinders are mounted a year. Assuming there are approximately
240 working days per year, this leads to a cycle time of 1.2 days. The complement
of workers matches these figures. Every week the progress of cylinder pre-
mounting and final mounting is measured and compared to the plan.

Each year, the board of directors determines the number of engines to be pro-
duced and a sales forecast for the coming year. This and other things are based on
a sales analysis in which the market is screened for the next three years. The board
takes also the real production figures from the previous year into account. Were we
able to reach the planned production and, if not, what are the reasons for this? All
of this information is used to determine an accurate year forecast for the engine
production. Eventually, the production capacity is altered to meet the new figures.

The production manager determines the number of cylinders from the number
of engines to be produced. The sales manager determines the number of orders to
be taken in the coming year and refines this figure for each quarter, taking seasonal
influences into account. Both managers follow real production on a quarterly basis.

So far, the description of the situation is taken from a real practical case.

Assignment

Express the description in terms of the PROPER model and describe the func-
tions in the input zone, the transformation and the output zone for both the order
flow and the material flow. Describe the function control for the coordination of
orders and materials. Then apply the steady-state model to each of the flows. Use
the models to state which activities fulfil the functions as described in the steady-
state model.

7.3 Solution: Analysis Based Upon the PROPER Model

The PROPER model is used to find the system boundary and the points of interest
for further investigation. In this case the resource flow is not an issue.

The first simple PROPER model for this case is shown in Fig. 7.1.

We consider the engine assembly to be the primary function of this company.
The system therefore contains all activities that are directly involved in assembly.
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[T Parts
Assignment
Release
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Resources Used
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Fig. 7.1 First simple PROPER model

The order flow only contains customer orders for complete engines. The coordi-
nating function Production Control (board of directors) translates (among others)
the market requirements for the next three years and the sales policy of the com-
pany into standards that can be used by Perform and Engine Assembly. These stan-
dards are, for example, the number of engines to be produced during the next year,
the sales forecast for the next year, etc. Results will be reported to Production Con-
trol in terms of the number of engines actually produced and the real sales, etc.

If we consider the materials for an engine to be the flow elements of the model,
then the input is “purchased and self-made parts” and the output “a complete en-
gine and spare parts”. The manufacturing department can be considered to be
equivalent to a supplier, and this is outside the system boundary.

This model is still very global, so we will have to open up the black boxes Per-
form and Engine Assembly to get a better grip on the problem. First we will show
an open view of the operational functions in these black boxes. After that, each of
the black boxes will be separately presented as a steady-state model, with control
functions added.

We will combine the descriptions of the operational functions and the control
functions and show the steady-state models after that description.
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7.4 Solution: Analysis Based Upon the Steady-state Model

Material Flow

The normal course of business in the material flow assumes that all parts for as-
sembly are in stock at the warehouse at the moment that the assembly should start.
After all, the company uses a minimum stock system for all parts for this purpose.
The warehouse disconnects parts supply from assembly, i.e. it is a buffer function.
When we describe this normal course of business in terms of the steady-state
model, we see the following functions (each function in the steady-state model is
printed in italic):

1. Encoding: performs expedition by looking for the copy of the purchase order

at the moment that the materials arrive.

Quality control input. materials department.

Quantity control input: materials department.

Buffer function input. warehouse.

Transformation function: is first of all assigned to engine assembly, but the

service department and the customer also use materials (for spare parts). This

is a parallel transformation box.

Supporting functions: no data.

7. Quality filter output: this function is fulfilled by running tests in a testing
station.

8. Adding-the-missing: the testing station where all failing parts and wrong tun-
ings are rectified.

9. Buffer function output: the engines waiting for delivery in the corner of the
assembly shop.

10. Decoding: adding manuals and packing the engine.

A e

o

These are the operational functions (see Fig. 7.2). Upon adding the control
functions we get a complete steady-state model (see Fig. 7.3).

11. Feed forward on quantity: The materials department sees that a minimum
stock level is reached (compare). If it concerns purchase parts, then the pur-
chasing department takes action. If the parts are self-made, then the materials
department takes action (decision). The intervention, the action to be taken, is
also executed by the departments. Moreover, the numbers are counted and
shortages eventually dunned upon the reception of the order.

12. Feedback on quantity: the weekly progress control by the planning depart-
ment. (Establishing shortages when reserving materials, and subsequently tak-
ing action, is feedback on the supply process, and not on the material flow as
a whole, and is thus a subprocess.)

13. Feed forward quality: The materials department inspects (compares) and
eventually returns to the supplier (intervention).

14. Feed back on quality: no information.



142 7 The Case of the Ship Engine Factory

handled
orders
orders make make Make -
: specs index production V4
P 1 e order finéhed
buffer order
quality buffer
control
production finished
orders production
orders
warehouse )
engines
parts add
search doc Assemble doc &
engines res. parts
Intermediate corner
quality storage
control
parts

Deliver
spare parts
Il
assignment
9 @ used

resources

resources

use

Fig. 7.2 Second simple PROPER model

15. Initiating functions on quantity: the external consultancy (five years ago) for
the minimum stock levels of the parts, and the production manager for the
number of cylinders as he calculates from the number of engines to be pro-
duced.

16. Evaluating functions on quantity: the production manager fulfils this function
for the number of cylinders, and he reports the number of engines to the Board
of Directors. This function is apparently missing for the minimum stock levels.

17. Initiating function on quality: The construction department, which specifies
the purchase parts.

18. Evaluating function on quality: no information.

All these functions are represented in Fig. 7.3. The model is drawn as much as
possible in accordance with the steady-state model. Of course there are deviations
from the theoretical steady-state model. It has already been mentioned that reality
will very rarely correspond exactly to this model.

In the model of the material flow, functions have been drawn consistently. For
most functions, the department responsible for the fulfilment of the function is
shown in the bottom right corner. This enables us to easily survey how the func-
tions are divided between the existing departments, and it may lead to a more logi-
cal rearrangement of the functions. On the other hand, when there is no department
mentioned in the black box of a function, this function is apparently unfulfilled.

In order to keep the model as clear as possible, we have drawn the control loops
for the facet “quantity” above the process flow and the loops for quality under the
flow.
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Besides this normal process for material supply, where every part should be in
stock, there is a separate process for shortages. There are not only measurements
of minimum stock levels based on the storage cards at reservation, but there is also
a second measurement at four weeks before assembly starts. The available parts
are retrieved from the warehouse and placed into intermediate storage. If there are
shortages at that moment, the materials department notifies the purchasing de-
partment. This is significant, because in a minimum stock system shortages should
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occur only very rarely if the minimum stock levels are well established. Returning
to the model of Fig. 7.3 in order to find a possible cause, we notice that the evalu-
ating function for minimum stock levels is missing. Then, returning to the case
description, we suspect that this may be the cause of the growing number of short-
ages. An external consultancy established these minimum stock levels five years
ago, and these levels have never been changed since. The delivery times for parts
have increased considerably during these five years and the number of cylinders
produced annually has also increased. It is therefore no wonder that shortages are
occurring more often. The company reacted by performing measurements four
weeks before the start of assembly and trying to receive the parts on time through
rush orders and special actions. This reaction was wrong. A symptomatic treat-
ment was applied instead of looking for the cause. The consequence of this was
running around in circles; the number of shortages kept increasing under these
circumstances. The only real solution is to calculate all minimum stock levels
again and to order parts based on these levels. It will take some months before the
problem disappears, considering the delivery times, but this is the only way to
really master the problem. The Board of Directors made an error five years ago in
that it forgot its own evaluating function. This is indeed an error we are coming
across increasingly often. Different cases show that the tasks of a consultancy are
not implemented in the organisation after the departure of the consultancy. Some-
times one could blame the consultancy for this.

This case is an example where the as-is situation corresponds to the current as-
should-be model, but where a new as-should-be model should be constructed in
order to solve the real problem. The Board of Directors however did not want to
change the current as-is situation into a new as-is situation, in accordance with the
new as-should-be model. Our models do not provide a definite approach to con-
quering this type of resistance, even when the results of the model are rationally
convincing. For this we need the support of other disciplines.

Based on the case description, it was impossible to give a decisive answer
about various functions due to a shortage of data. In reality we would of course
then gather these data. In this way, the models are helpful for checking the com-
pleteness of the investigation. In this case for example, quality control has been
examined insufficiently. It would be very interesting to investigate the evaluation
of quality standards based on customer experiences with the engine.

Of course, some function may be missing in the real situation and it may not be
necessary. We should make ourselves sure of this very thoroughly.

Especially in the material flow, other opinions are possible when we choose an-
ther system boundary or zoom into one aggregation layer or choose another flow-
ing element; for example, “the shortage signal”.

In Figs. 7.3 and 7.4 we maintained the terms of the steady-state model in the
black boxes of the functions in order to maximise the recognizability. In a practi-
cal application we would have focused much more on formulating the functions
using terms that are used in the company.
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The Order Flow

If we consider the order for an engine to be the flow element, the input of the
process will be “potential orders” and the output will be “handled orders”. The
next list specifies where or by whom each function in the steady-state model

(printed in italic) is fulfilled.
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12.

13.

14.

15.
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17.

7 The Case of the Ship Engine Factory

Coding is performed by the sales department by drawing up a requirements
specification.

After this, the order is coded again when a definite order has been received.
This is done by the process planning department by making index cards.
Quality control input is handled by the sales department in consultation with
the construction department regarding technical feasibility.

Quantity control input is done by the planning department in consultation with
the sales department.

Buffer function input: orders that are not yet in progress. The sequence of
production for these orders can still be changed by the planning department.
Transformation function. This is the material production of the order in which
it is transformed into a handled order.

Supporting functions: no data.

Quality filter output: checking the order from the customer and the company
during test runs.

Adding-the-missing: during quality control output.

Buffer function output: for orders that are ready too soon.

Feed forward quantity. The functions “compare”, “decide” and “intervene”
are fulfilled by the planning department. The intervention consists of changing
the order sequence in the buffer function input; during the process there may
be interventions during production.

Feedback quantity. These functions are also fulfilled by the planning depart-
ment.

Feed forward and feedback on quality. Information is not available. Maybe
these loops do not even exist.

Initiating function quantity: The sales manager translates the yearly sales
forecast into quarterly figures (sales, orders).

Evaluating function quantity: The sales manager, also dependent on future
expectations.

Initiating function quality: not very clear, eventually the construction and
sales departments.

Evaluating function quality: very unclear. Seems to be missing.

The order flow is modelled in Fig. 7.4.

Both the order flow and the material flow have been considered to be at the
same aggregation layer here. The next step in our analysis would be to zoom into
each function black box at each step. We are planning, for example, to study the
purchase function in depth. The main question then becomes: what happens to the
signals in the purchase department that come from the materials department? In
this process the steady-state model can again be used as a standard due to the
“nurse’s effect”.



Chapter 8
Policy and Performance

Abstract. If we consider an industrial system to be a structure of functions, a
complete series of goals for the system will be found. However, we are not able to
assign any weights to those goals or to express opinions about the way in which
we think that those goals can be realised. When analysing an existing system, the
weight between goals can be found from the structure itself and from extra infor-
mation obtained from interviews with the management. When designing a new
system, the situation is different. If we include these matters too early in the dis-
cussions then the differences in opinion quickly escalate, all sorts of interests be-
gin to play a role, and emotions often run so high that a communal, open discus-
sion of all possible goals goes completely out of the window. This is the main
reason why we attempt to clearly separate the determination of the goals from the
formulation of policy, in contrast to many writers who consider the determination
of goals to be a part of the policy-forming process. But just what do we mean by
“policy”? It appears that productivity, effectiveness, efficiency and performance
should be defined unambiguously.

8.1 What is Policy?

It does not appear to be very easy to find an unambiguous definition of “policy”.
The dictionary states: 1. management; 2. consultation, deliberation, circumspec-
tion. If we then look under “management”, the dictionary gives: policy. We must
therefore look for another approach.

When participants in an organisation say “there is no policy around here”, they
often mean that:

e Management has different ways of dealing with similar cases; that is to say,
management is not consistent—it does not follow a particular line

H.P.M. Veeke, J.A. Ottjes, G. Lodewijks, The Delft Systems Approach, 147
© Springer 2008
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e The direction in which management is heading is not obvious or is simply un-
clear; that is to say, there is no clear direction or course—no known end-goal

e There is a goal, but the manner in which management intends to reach that
goal, or the methods used to do so, are not known.

In order to determine a particular policy, one must have at least one goal or at
any rate a direction in which one wants to proceed. In order to realise those goals,
the company needs to have at its disposal:

e People and means (resources) —the system’s content; within these we can
further distinguish active resources which can be used over and over again and
passive resources that are used up

e Organisational structures that bring people and means together in mutual rela-
tionships; those relationships are particularly manifested in the stream of in-
formation and communication processes used for decision-making

e Inputs of temporary elements.

The system can, to a certain extent, influence these three factors, and does just
that in order to realise its goals. Different structures, however, can lead to the same
end-behaviour and thus to the same goal (the principle of structural indetermi-
nacy). Consequently, there are still all sorts of options.

Policy therefore involves the selection of ways and means (an organisational
structure is also a means of production) that are used to realise the goal. But this is
still not enough to define “policy”. There are ways and means that are regarded as
“indecent”. When determining the policy, as well as legal conditions, unwritten
rules concerning general norms, values, or principles are also taken into account.
These “principles” are certain fundamental principles, starting points or rules that
are taken as standards for our behaviour. Furthermore, we sometimes hear the
expression: “that’s not the way we do things”. Therefore, in addition to the general
norms and values, we also employ our own specific principles. For example, some
companies wish to invest large sums of money in production sites but not in im-
posing lobbies or in large offices, according to the motto “that is not the norm
around here”. Management takes these principles into account when choosing
from the possible ways and means. These principles are less susceptible to change
than the ways and means. However, they are usually not formulated in advance.
They are obvious from the decisions taken in practice as a trend in those decisions
becomes clear.

Policy is then the selection of the ways (the manner), the people and the means
that should be employed to realise the goal. Policy-making is, by and large, a twen-
tieth century discovery.

Indeed, it took until around 1900, after the transition from handicraft to indus-
trial production and under Taylor’s influence and the advent of scientific man-
agement, before it was realised that work must be analysed and prepared in a more
scientific manner. Process planning and execution are separated at the lowest
level, the factory floor. In 1916, with the appearance of Fayol’s book (1984),
a better, thought-out approach to total management come to the forefront. However,
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it was only after 1960 that large-scale research in this area was begun and attempts
were made to develop a theory. Corporate strategy forms part of that.

If there is only one goal, this determines the content of the concept “policy”.
However, organisations always have more goals. What’s more, two situations
need to be distinguished:

e The goals are agreed upon but insufficient means are available for realising all
of the goals concurrently. Priorities must be set. The goals are competing.

e Two goals formulated by different stakeholders cannot both be realised. One
cannot simultaneously turn left and turn right. The goals clash; they are con-

flicting.

Usually both cases occur in a series of organisational goals. In both cases a po-
litical choice must be made. The results of this choice are strongly determined by
the balance of power and by the weight that each group assigns that goal within its
own prioritisation of goals. It is usually a question of bargaining and compro-
mises. Note that a compromise does not necessarily have to be bad. It is a com-
promise in the negative sense of that word when viewed through the eyes of each
individual stakeholder. However, seen from a larger system of which the organisa-
tion is a small part, that same compromise can be the best solution for that larger
system. In some organisational views, it is assumed that individual and organisa-
tional goals must coincide in order to achieve an optimally functioning organisa-
tion. However, in each organisation some individual’s goals will be in direct con-
flict with those of the organisation. We should not turn a blind eye to this.
Conflicts of interests between individuals and the organisation in which they work
exist, and will always do so, whatever the political constellation. A benefit for an
individual is usually a sacrifice for the organisation (e.g. salary versus labour
costs). However, one must constantly strive to obtain a satisfactory balance.

Despite their differences, all stakeholders have one common interest: the sur-
vival of the organisation. The primary goal of the organisation cannot be deter-
mined autonomously by that organisation. This places limitations on the stake-
holders’ positions of power and on the possibility that the choice between certain
conflicting goals will lean too heavily to one side. In practice, it is sometimes the
case that the parties concerned treat the choice between two goals as if those goals
are conflicting, whilst further consideration shows them to be simply competing.
This means that the selection problem has been approached and discussed incor-
rectly. We should continuously ask ourselves whether the goals do indeed exclude
each other or whether they are only competing goals.

In the case of competing goals, those goals can, in principle, all be realised if
there are enough resources available. However, if the resources are limited, one
must decide which goal will be afforded priority. One then often sees that the
maximisation of one goal is pursued. This, however, automatically results in the
sub-optimal achievement of all other goals. Even if we prioritise the goals, so that
they may never degenerate into the pursuance of the absolute maximisation of the
most important goal, then the realisation of all remaining goals is pushed too
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forcefully into the background. Also, a decent balance must be sought between the
competing goals when priorities have been assigned.

Norms and values also play an important role when determining the priorities
of competing goals. In numerous organisations, economical—technical values such
as profitability, productivity and efficiency are central. This is something that,
through education and experience, is embedded in our subconscious such that we
are hardly aware of this when making decisions. Whilst it is often said that other
values were also considered during discussions, it appears from the decisions
made that economic criteria dominate over and over again. Therefore, for exam-
ple, in recent years and in the shadow of American companies, the values of the
shareholders and stock prices receive amazingly high priorities.

In our opinion, it is extremely important that we are aware of this so that we
can ask ourselves whether the financial-economic dimension is being overempha-
siised, causing a healthy balance of priorities to be lost. In difficult situations, the
question remains “which values do we sacrifice and to what extent, and where do
we draw the line?” Thus, values also play a large role in policy. However, those
values will change over time; including amongst the organisation’s management.
The management and the employees are not immune to political and cultural
changes in the environment of the organisation. After all, they are also part of that
environment.

Just as we did with the system’s and the subsystem’s goals, we must also dis-
tinguish different levels in policy, such as division, sector, department and work
group. At each level the objectives of that unit must be determined. They are,
however, subgoals of the goal at the level just above this one. The system forms
the environment of the subsystem. The unit must then decide on the ways and
means (policy) used to realise the goals of that unit. This policy must remain
within the framework decided by the higher level. Policy-making is not just the
task of the Board of Directors; a line manager must also determine a policy for and
with his group. However, the policy of that group encompasses a smaller area, is
far more detailed and must remain within the framework decided by the Board of
Directors.

One extremely important aspect, namely the timescale, is still missing. In the
policy, when do we want each step towards the goal to be realised? This timescale
is added to the policy through scheduling. The schedule also breaks the path to the
goal into steps and coordinates these steps.

To summarise: in order to be able to determine policy we must first and fore-
most have goals or at least a direction. Policy then encompasses:

ways (the methods used)
+

people and means and policy principles
+

priorities of the goals
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Scheduling adds the timescale to the policy, elucidates the path to the goal in
terms of steps, and coordinates these steps.

For goals, policy and scheduling, we ought to distinguish between different
levels. The goals, policy and scheduling at a lower hierarchical level must remain
within the framework provided by the goals, policies and schedules of higher
levels. Policy therefore provides a structured framework within which the deci-
sions made by everyone in the organisation fit continuously.

This composite of goals, policy and scheduling should be dynamic rather than
static. Almost every category is in a continuous state of flux due to exchange be-
tween the system and the environment. The system’s outputs cause changes in the
environment that in turn can cause changes within the system. The policy must
aim at flexibility; in other words it should anticipate expected changes.

8.2 Does an Industrial System Need Policy?

Some Boards of Directors are rather opportunistic. They often think in the old
trading mindset and are of the opinion that freedom in decision-making is a neces-
sary ingredient for success. This is short-term thinking that does not inspire confi-
dence among other groups of stakeholders. What’s more, policy is necessary so
that everyone involved can contribute like-mindedly to the same goal. The content
of that policy must then be clear to all. A clear policy also enables the lower levels
to become more independent in terms of decision-making. It is only possible to
delegate functions and authority when there is a clear policy in place. The sys-
tem’s procedures can be described in less detail. When everyone is familiar with
the goals, ways and means, better reactions, characterised by more flexibility and
more speed, are enabled to changes in the situation at all levels in the company’s
hierarchy. The company, as a whole, becomes more decisive. At all levels, policy-
forming is a slow-moving process of becoming aware that must be consistently
enforced. Greater decisiveness is the result. Policy is formed and carried out not
just at the top level but at all levels, by the sector, the department and the group.
This must remain within the framework laid down by the policy at the top, but it is
policy nevertheless. When we try to formulate the policy briefly and concisely on
paper it appears to be a strong stimulus for raising awareness. Of extreme impor-
tance are discussions about the draught with and amongst the employees. As
a result, all sorts of aspects which the draughtsmen have not thought of will come
to the fore. This collective thinking-through and development of the policy brings
it to life for all of those involved, and so they care about it more. In addition, it
makes general announcements about the policy easier and fewer misunderstand-
ings are possible.

Policy deliberations and formulation are strongly influenced by the company’s
history, its traditions and its culture. From the literature, we sometimes get the
impression that we automatically arrive at a policy using the methods of corporate
strategy. However, in principle, these methods provide no more than a thorough
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analysis and preparation after which the final decisions about which policy will be
followed (based on many other issues too) will be taken by the entrepreneur. En-
trepreneur and entrepreneurship are not synonymous with manager and manage-
ment skills. Entrepreneurship also takes into account the behaviour of the system.
It expounds and also encompasses the taking of risks in relation to innovations in
products and organisation, and with it the acceptance of both risk responsibility
and liability. While some managers are entrepreneurs, many more are good man-
agers but don’t dare to take risks and are thus not entrepreneurs.

It is very detrimental when the policy appears to change frequently. It then ap-
pears that the preparative thinking has then been too shallow.

In particular, over longer periods, we must ask ourselves whether:

e There will be any other interested parties in x years time

e Any of the interested parties (old and/or new) in x years time will perhaps have
other wishes than the current interested parties

e We expect society’s norms and values to have changed in x years time;

e The norms and values of the employees will change; for example, in terms of
the acceptance of the present authority relationships in the organisation.

On the other hand, the policy should not be a dogma. The policy must be ad-
justed when there is a change in the starting points on which it is based. When the
policy is well thought-out and concisely formulated it is easier and faster to work
out why it must be changed and which points need changing. We can thus arrive
more quickly at a new standpoint. The most important point however is that we
are aware of why the policy is changing and what the consequences of doing this
are. However, we should point out that the employees and other directly con-
cerned parties must be ready for policy changes. A certain policy is only possible
with a certain internal situation and in a certain environment. If necessary, tailored
training courses or enlightenment courses are required in order to achieve this.

However, we must not work out the policy in such great detail that it encour-
ages opposition to a subsequent policy change. Rather, the purpose of policy for-
mulation is to bestow direction and to determine a course of action. In short, to
create a certain stability in direction, not in detail. Stability should never degener-
ate into rigidity.

Policy is necessary in many areas. Each goal requires a policy for each of its
aspects, for example:

Product policy

Production policy

Quality policy

Market policy

Investment policy

Research policy

Policy for the image of the organisation
Personnel policy

Career policy
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Organisational structure policy
Standards policy
Policy-forming policy

8.3 Considerations When Choosing the Ways and Means

Activities must be undertaken in order to achieve the goals. Something or some-
one must carry out the transactions. For this, a person or a means is required—a
machine, a tool, the reader, someone else. In order to acquire that means or to get
that means to carry out the transaction, the system and that person must make
sacrifices: monetary sacrifices when buying the machine, energy sacrifices that
allow it to function, sacrifices in terms of limiting the freedom of the individual,
etc. The term “sacrifice” is used intentionally here rather than “costs”. We can
only talk of costs if the sacrifice can be expressed in monetary terms. When
achieving goals in social systems, however, other sacrifices play a role that cannot
be expressed in terms of money; sacrifices such as working against one’s will or in
uncomfortable circumstances, with limited opportunities for self-development.
The term “sacrifice” encompasses all experiences that are less than pleasurable or
are a burden, which are thus more than just physical effort. Free time and job satis-
faction are generally experienced as yield, just like the salary. Effort, the work
itself and a limitation on the freedom of the worker imposed by authority are often
seen as sacrifices made by the worker. Determining what constitutes a sacrifice is
absolutely subjective. One person considers “working” a sacrifice, whilst another
person considers it a yield (can and must work!).

Both the yields (results) and the sacrifices are thus subjectively determined val-
ues. With both concepts we must acknowledge not only the quantitative but also
the qualitative aspects. The commonly intended result must mean an acceptable
sacrifice for each person involved, even if different workers weigh up the pros and
cons differently. In the concepts that follow on from here we must continually
bear in mind that for both the sacrifices and the results, it is the general content of
those concepts that is being referred to. Our starting point is that each person and
each system strives to achieve the highest possible yield for the least possible
sacrifices in the broadest sense. Some people “work™ (sacrifice) as little as possi-
ble in order to “do nothing” (yield) afterwards for as long as possible. That is also
striving to achieve a large yield from the sacrifice, to achieve high productivity.

In the discussion of system goals, it was suggested that the goal is the desired
result from the activities to be performed. However, there is usually a choice of
different means for performing these activities. The process of selecting from
among those alternative ways and means is the strategy (the broad-line determina-
tion of and selection from alternative means). For each means we can theoretically
determine what the expected result will be upon applying that means. The actual
result of employing that means only materialises after the choice has been made
and the means is actually used. This actual result can deviate from the theoretical
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result on which the choice for the mean was originally based. Three sorts of results
can thus be distinguished:

1. Intended result
2. Theoretical expected result
3. Actual result.

Whether the intended result is necessary for survival, or simply desirable, is not
considered here. In both cases, the intended result is the intended consequence of
a resolute and purposeful transaction. However, in the first case, the demand to
achieve the goal weighs more heavily than in the second case.

The term “result” is used here. Both positive and negative values can however
be assigned to one result. The term “yield” would actually be better here. How-
ever, for practical reasons with respect to the following formulae, “result” (R) in
the sense of “yield” is used, in contrast to the term “sacrifices” (S).

In terms of the sacrifices, we can distinguish between the theoretically expected
sacrifice from applying a certain means and the actual sacrifice incurred after the
application, in other words between:

e Expected sacrifice, and
e Actual sacrifice.

So there are two types of sacrifice and three different results. In an organisation
we can hardly pitch the concept “intended sacrifice” opposite “intended result”.
The sacrifice that we want to offer is always as small as possible, whereby the in-
tended result must of course be achieved. Therefore, the concept of maximum per-
missible sacrifice can be useful. In this case we cannot concurrently place a demand
for an intended result. We must wait and see what the highest result is that we can
achieve for that maximum permissible sacrifice. If we start out from an intended
result then we could attempt to minimise the sacrifice. However, if the minimum
sacrifice to be offered up in order to achieve that goal is actually greater than we
can afford, then we must abandon the intended result.

When choosing from alternative means it is first and foremost important to
gauge whether a certain means is effective; that is to say, whether it can enable us
to achieve the intended result. In the case of a compound goal, the degree in which
we realise that complex entity of partial goals is important. The effectiveness con-
cept is applicable here.

Effectiveness is defined as the relationship between two results (R/R). For the
various means we determine the theoretical effectiveness based on the results
expected by the supplier based on theory when applying this particular means:

. fo pected
Effectiveness = 8.1

theoretical ~—
intended

When the theoretical effectiveness of a certain means appears to be less than 1
then we are no longer interested in that means. This indicates that we cannot use it
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to reach the intended result. However, when this is the case for all of the means
examined, then we must either look for other means or we must accept that the
intended result cannot be realised using known means. The only remaining possi-
bility is then to set a more modest goal. A means can therefore fall short (“under-
shoot”, have an effectiveness of less than 1). However, a means can also do more,
or even something other, than what is required to achieve the set goal (“over-
shoot”, have an effectiveness of greater than 1). This occurs, for example, if we
also include the time in which the goal must be achieved in the goal formulation.
For example, say that the goal is to travel to Paris from Amsterdam. A plane, train,
car, bicycle and walking are all effective means. If, however, we set as goal of
travelling to Paris from Amsterdam within six hours, then walking and cycling are
eliminated from our considerations. However, the plane gives an overshoot be-
cause it enables us to arrive in Paris well within the timeframe permitted. Never-
theless, a lathe that can make 1000 products per day exhibits over-capacity when
only 500 products are required per day. However, we could ask, “what is the cer-
tainty that that lathe could indeed make 1000 products per day, or that the plane
reaches Paris within 6 hours?” These figures are based on specifications from the
lathe manufacturer and the airline, based on normal conditions. But what will the
performance be in our situation? All sorts of unexpected difficulties could crop
up; for example, it could be a foggy day when we choose to travel. Particularly in
complex situations, we must also take into consideration the probability that we
can achieve the goal with a certain means. In other words, how sure are we that, in
a certain situation, the means will indeed do what we think it will do? We cannot
always oversee all facets. Trying it out can increase our insight, but this is not
always representative or even possible. In Sect. 8.5 you will find an application of
these concepts to the example of a “plague of rats”.

Yet another aspect emerges when a certain goal needs to be achieved repeat-
edly. We then have to take into account the precision of the means. That is, the
expected spread of the results around the intended goal; for example, the spread in
quality. Over-capacity, probability and precision will often play a role in the de-
finitive choice of the means to be applied. In addition, we must know how likely it
will be that the means will be out of order when we want to use it. This factor of
reliability is also important. When choosing the equipment for a space capsule, the
reliability is generally far more important than when the same equipment is ap-
plied in a terrestrial machine. We must therefore look at and weigh up all these
factors in view of the environment: the conditions in which the means will have to
function. With all of these considerations, it does not make any difference whether
it is about an economical goal or about a concrete or abstract goal or means.

Following these comparisons of the theoretical effectiveness of each of the
various means and after weighing up the pros and cons of other factors, a number
of means will be dropped. But how then do we make a choice from the remaining
possibilities? To do this we must also examine the sacrifices that we must provide
for and with those means.

Productivity is the relationship between result and sacrifice (R/S).
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The ultimate choice must be made based on the theoretical productivity of each
of the remaining means.

R,
)7 — tended
Productivity,, ... = e . (8.2)

expected with that means

Here, both the results and the sacrifices are still the supplier’s written specifica-
tions of the theoretically expected values. After all, we do not have those means
in-house and so we still do not know what the actual results and sacrifices will be
in our situation.

We then choose the means that, on paper, demands the least sacrifice; in other
words, the means with the highest theoretical productivity, at least when the goal
is absolute and definite. If we suspect that a higher intended result may be neces-
sary in the future, then we already take that into account now. In that case, “the
maximum productivity of that means” is a useful concept.

PVO duc thl ty ‘max. expected with that means . (83)

theor.max.
expected with that means

We therefore differentiate between the current and the future situations and ac-
cept a lower than maximum productivity for now.

If two means have the same effectiveness and productivity but one is directly
available and the other must be fetched from somewhere, we choose the first one
of course. In some cases this can be so important that we still prefer the directly
available means even if this results in a somewhat lower productivity. This avail-
ability must also be taken into account when weighing up the choices.

In many practical situations it is a very good idea to perform a sort of sensitiv-
ity analysis. Sometimes it appears that the sacrifices are reduced significantly if
we accept a slightly reduced effectiveness or formulate the goal slightly differ-
ently. Sometimes a little more sacrifice results in a much greater increase in effec-
tiveness. In such cases we must reconsider the starting points: the goals set.

Summary

First comes the question, “can we actually realise the intended goal with existing
knowledge, means and methods?” The very first question therefore concerns the
effectiveness. Only after that does the question of productivity arise.

In social systems, the goals are realised through concerted action between peo-
ple and means. It is then often useful to (and provides a better insight when we)
differentiate between:

The productivity of the person
The productivity of the means

e The productivity of the whole; in other words, of the combination of people and
means (in ‘t Veld 1993).
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For the first and third of these types of productivity, we can only express some
of the sacrifices and yields in monetary terms. Usually we can reduce the sacri-
fices offered by the person by offering greater sacrifices for better means. In other
words: when we invest more money/more capital in better means then we can
avoid human sacrifices such as the need to work in an unhealthy or tiring work
situation. What is a yield for the individual here is often a sacrifice for the system.
We must therefore consider yields and sacrifices from two different standpoints.

8.4 The Concepts of Productivity, Efficiency and Performance

During policy-making, we must select between alternative ways and means. In the
last section we saw that the ways and means must first and foremost be effective.
As the expected results could only be calculated on paper, this was defined as the
theoretical effectiveness in Eq. 8.1.

In order to be able to choose from the resources that have a theoretical effec-
tiveness that is equal to or greater than 1, the concept of theoretical productivity
was also introduced, in Eq. 8.2.

The resource chosen, at the strategic level, on the basis of these considerations
has now been acquired. The chosen resource is introduced into the system. We are
now going to use the resource in practice. We are only concerned with one re-
source, the chosen one. Often the same resource can still be employed in different
ways. The task of selecting from among these different ways of applying one
resource is the tactic: the detailed determination of the alternative employment
possibilities of one given resource and the selection of the most appropriate one.

Firstly, we must determine what the best way is. This is the method that realises
the maximum attainable result using that resource with the lowest sacrifices, for
our situation. We also set this maximally attainable productivity to be the standard
that we must attempt to realise in practice. So:

P __ " “maximally attainable with that means in that situation _ Rslzmdurd 8 4
standard ~— S - . ( . )

minimally attainable with that means in that situation S:tandard

The standard is thus determined at the tactical level for the productivity to be
realised at the operational level. In reality, it is often not possible to do this due to
all sorts of disturbances. Both the results and the sacrifices could differ from the
set standard. That is why the following is implemented at operational level:

Ractual
= ecnal (8.5)

actual ~ S

actual

Naturally, at this operational level, we regularly compare this actual productiv-
ity with the standard productivity determined at the tactical level, in order to
approach the latter as closely as possible. The difference between the two P values
could be due to a difference between the results, a difference between the sacrifices,
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or difference between both. It is impossible to determine the cause of the deviation
from that one ratio between the two productivities, those on the result side and on
the sacrifice side. In order to make this possible, we perform two separate steps.

1. Assume that the sacrifices are the same. The actual sacrifice is the same as the
minimum sacrifice, and thus the same as the standard. We now divide P, by
Pgianaaras and so the same sacrifice appears in both the numerator and the de-
nominator and they cancel each other out. We then get:

actual

Sacmal Ra( tual
= i = i = Fffectiveness
= 1

standard _ “standard_

Pacrual

(8.6)

actual *
standard

standard

When the standard is actually reached R,.ua = Rywanaara» @nd so the actual effec-
tiveness is equal to 1 (100%).

2. We could however also assume that the results are the same. The actual result
is the same as the maximum result attainable with that resource in that situa-
tion, the same as the standard. Once again we divide both productivities by
each other. Then the same result is present in both numerator and denominator
and they cancel each other out. This gives:

actual

S
actual = R actual = avlmal - E]%Clency ) (87)
standard _ “standard

standard standard

We call this ratio of two sacrifices the efficiency. In contrast to the concepts of
“productivity” and “effectiveness”, the concept of “efficiency” can only occur at
the operational level. The normative efficiency is therefore 1 (or 100%). More
detailed study of the method and practical experience indicate that S, can
sometimes become even smaller than the Sy....« that was set. The efficiency is
then greater than 1. We have therefore found a new S, and thus a new stan-
dard. After the tactical level has distributed these new standards in the system, the
efficiency number then drops back to 1. In practice, instead of the meaningless
ratio between

P e and Pygqa,4, at the operational level we control:

e The actual effectiveness against standard 1
e The (actual) efficiency against standard 1.

We therefore compare the results and sacrifices separately. It holds that:

actual
actual :

actual
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In any case, we can multiply this twice by the number 1:

_R,._R S

actual X standard X standard

actual ~ S R

actual standard Sxtumlurd

If we move the individual factors around here, we get:

R R S

) = Ssmndzzrd X 2 actual X ;andard ,
standard standard actual
and this means:
[)aclual = [)standard X Eﬁecnvenessaclual X Eﬁcl(:lency . (88)

At the operational level, we employ the resource both resolutely and purpose-
fully. If we assume that the goal would indeed be achieved, then the only question
remaining here is whether the resource is used efficiently. At the strategic policy
level, the question of primary concern is:can the resource be effective for the goal
we have in mind? At the tactical level, it is about the most productive employment
method for the given resource in that situation. That method is then set as the
standard at the operational level. During actual daily use at that operational level it
is about the actual effectiveness and the efficiency.

The question at the operational level is: how do I reach or exceed the set stan-
dards? At the tactical level, the question is: how can we put the given, available
resource to its best possible use? How can we best perform a given task? At the
strategic level, the questions are concerned with the theoretical effectiveness and
the productivity of the yet-to-be-chosen resources.

It is important to realise that a given organisation can operate absolutely effi-
ciently and can spend an awful lot of time on this without the organisation being
effective. Hijmans refers to this as “aimless efficiency”. In the first place, this is
about asking whether the correct task is being executed or whether it is possible to
completely avoid that task. Only then does the question of whether the given task
is being executed correctly become interesting.

In conversation and in the literature, there is some confusion about these con-
cepts. Indeed, it appears that all disciplines understand “effectiveness” to be the
ratio of two results and “productivity” to be the ratio of result to sacrifice. The use
of the word “efficiency” (S/S), however, changes that situation.

Examples:

e The Encyclopaedia for Business Economy defines “efficiency” as the ratio
between the input and the output.

.S
That is; —dcual

actual
e Van den Berg provides the following definition: “The efficiency of an organi-
sation is the measure wherein the given organisation’s goals are achieved using
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a minimum of organisation’s resources and/or the measure wherein given re-
sources contribute maximally to the realisation of the organisation’s goals.”
This is actually R/S, the productivity. This definition of efficiency comes from
economics.

e Eilon, however, defines:

Machine time efficiency = output of product A / max. possible output of A.
This is R/R, the effectiveness.

e On the other hand, Van der Schroef says: “Efficiency is a comparison of the
costs, calculated on the basis of the standard, with the actual sacrifices spent.”
This is /S, the efficiency as defined above.

e In public administration, in ‘t Veld Sr. defines “efficiency” as being a desired
goal that is achieved with the least possible resources, or the highest possible
effect being obtained with the given resources.

This is again R/S, the productivity.

e Gooding and Wagner differentiate between absolute values such as net income
produced and relative values such as the output:input ratio. They then call all
the absolute values of achievement “productivity” and all relative values
“measures of efficiency”. This also stems from public administration.

e From sociology, Etzioni defines: “An organisation’s efficiency is measured on
the magnitude of the resources that are used to realise one production unit.”
That is to say, R/S, the productivity.

Therefore, in many cases, efficiency and productivity are used as synonyms for
the same type of ratio, namely, R/S. The person who distinguishes between both
words sees a system as being more efficient when it has a greater productivity.
Therefore, the efficiency is a ratio between two productivity numbers. This latter
definition approaches the deduced definition because in most cases we compare
two systems with the same goal. The results (the goals) are then the same, and the
greater productivity is simply the result of a lower sacrifice. Indeed, in this case,
the greater productivity R/S is caused by a better efficiency, S/S.

This confusion of terms is less of a hindrance when we are aware of the three
ratios R/R, R/S and S/S and their mutual coherence. We can then test each defini-
tion against them.

Up until the end of the nineteenth century, “effectiveness” and “efficiency”
were regarded as being almost synonymous. The Oxford Dictionary suggests, for
example, that efficiency is the fitness or power to accomplish the purpose in-
tended; effectiveness, efficacy (R/R). However, around 1900, efficiency acquired
a second meaning: the ratio of input to output, such as effort to result, expenditure
to income, costs to resultant satisfaction (R/S). In scientific management, a third
meaning has emerged: efficiency is the ratio between the costs of the actual execu-
tion and the costs of the standard execution (5/5).

We must take care not to confuse results and sacrifices in practical applica-
tions. Let’s say that the standard time required to make a product is 60 man-
minutes (1 man-hour). However, one particular worker does it in 50 minutes. We
may then be inclined to say that the result from this worker is 50 minutes instead
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Fig. 8.1 “Excellent work Jansen. It no longer leaks, it looks professional and it took a long time
to complete ... That’s the way I like it.”

of the expected sacrifice of 60 minutes. However, both are and remain sacrifices.
The result is one product. In this case:

Effectiveness 1

actual ~

Productivity — 1 product

standard ~

60 man minutes

Efficiency = w =1.20

50 man minutes

Sometimes, it is even more complicated than this. Such a situation can arise
when a sacrifice for one person (the paying customer) is a result for another (the
plumber who cashes in). Figure 8.1 illustrates this.

These concepts conjure up a very “economic” impression.

That is true if we see things as Hennipman (1962) views them: “The common
core of the issues with which economic science is concerned lies in the relation-
ship between relatively scarce, alternative useable goods and the entirety of needs
or purposes from whatever sort, for which the goods are useful”.

When we also see goods and purposes as immaterial, then issues such as work
climate, people’s happiness, personal development, etc., can be interpreted as
“results” and “sacrifices”. Also, these concepts must test the processes that are
designed for such goals. However, this means that we can no longer lump different
factors (such as money) together, and that the value that we assign to something is
purely subjective.
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Fig. 8.2 The coherence of the concepts

We could also show the coherence of the three concepts in another manner. To
carry out a process, sacrifices must be fed in. We could say that sacrifices are
imported (an input). After the process, the results come out of the black box; see
Fig. 8.2.

These results produce a flow of money that runs in the opposite direction to the
process flow and largely serves to compensate for those sacrifices. We should
continuously control both the imported sacrifices and the realised results and com-
pare these with the standards that have been set. The performance delivered is
then the ratio of the actual productivity to the productivity set as being standard.
According to the formula that was derived for this, then:

Performance = Effectiveness, ., X Efficiency . (8.9)

actual

In this way, we control the performance of the process over shorter and longer
periods of time. When we discover a deviation between the standard and the actual
productivity over a short period of time (the performance is insufficient), we will
attempt to trace the reasons for this and take action to achieve the standard.

The split into effectiveness and efficiency gives us an insight into whether we
should look for the causes on the sacrifices side, on the results side, or on both.
This is more or less analogous to the daily control loop in the steady-state model.
If we control over a longer period of time, then the average effectiveness and the
average efficiency are compared with the standards. If there are deviations that we
could not bring under control in spite of all of the interventions made, then that
can be a reason to change the standard for productivity after evaluation. This is
then more analogous to the standards control loop with initiating and evaluating
functions from the steady-state model. The model from Fig. 8.2 is therefore not
a model in which the elements are functions, but a model that provides the coher-
ence of a number of concepts.
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8.5 Application of the Concepts

We shall now apply these concepts for clarity (see also Sect. 8.3).

The ‘“Plague of Rats”

An old student flat suffers from a plague of rats. An investigation shows that there
are 100 rats. A method is sought to kill these 100 rats, so:

Rintendea = 100 dead rats

Strategy:
Choose from the possible resources. Which resources are available?

Bare hands
Cannon
Rat traps
Poison

We must therefore examine the theoretical effectiveness (R/R) of each resource.
Effectivenessineoretical = Rexpected / Rintended

Bare hands: R,cceq = 0 dead rats

Effectiveness;eorericas = 0 dead rats/100 dead rats = 0

Cannon, trap and poison. R,yec. = 100 dead rats

Effectiveness;eorerica = 100 dead rats/100 dead rats = 1

Conclusion. “Bare hands” is eliminated as a resource because we can obviously
not achieve the goal. Only the last three resources remain important. Which of
these should we choose? The theoretical effectiveness of all three = 1.

This is why we must now examine the theoretical productivity (R/S).

PFOdUCUVlty theoretical = Rinlended / Sexpecled

Details of the cannon:

We can borrow 1 cannon

4 people are required to operate it

It takes 10 shots in 25 minutes

Gunpowder + bullet = €2.50 per shot

According to information provided by the owner of the cannon, 5 out of 10
shots usually hit the target

1 man-hour costs €12, so one man-minute costs €0.20
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100 dead rats require:

(10 shots / 5 on target) x 100 = 200 shots

The sacrifice (the cost) for 200 shots is:

(200 shots / 10 shots) x 25 min x 4 persons X (€0.20/ man-minute) = €400
In addition, the costs of the gunpowder and the bullets are:

200 x €2.50 = € 500
Total S,ypecrea = €400 + €500 = €900
Productivity eorericas = 100 / €900 = 1 dead rat / €9 (or 0.111 dead rats per €).

Details of the trap:

Purchase of one trap, €15

20 g of cheese bait per turn = €0.25
Setting-up time per turn is 2 man-minutes
Emptying time per turn is 3 man-minutes
Costs are again €0.20 per man-minute.

For 100 dead rats we need to fill, set, etc., 100 times.
Sexpecrea = €15 + 100 x [€0.25 cheese + (2 + 3) man-minutes x €0.20] = €140
Productivity pepreiicas = 100 / €140 = 1 dead rat / €1.40 (or 0.714 dead rats per €).

Details of the poison:

€l per 100 g

1 g is enough for 1 rat

They eat only 50% of the bait

Placing the bait takes 2 minutes at €0.20 per man-minute

Sexpecrea= 100 dead rats x (100 / 50% x 1 g poison x €1 /100 g) +
2 man-minutes x €0.20 = €2.40

Productivity peorerics = 100 / €2.40 = 1 dead rat / €0.024
(that is, 41.66 dead rats per €).

Conclusion. When the intended result is to kill 100 rats, poison is thus the best
choice for the means, based on the theoretical productivity.

This conclusion appears logical, but is this the case? Haven’t we forgotten

something? We have indeed. We haven’t considered the time period within which
the goal must be achieved. Is that wise? Is the goal achieved in the same time by
all three resources?

This time period must certainly be taken into account considering the speed at

which the rats will multiply. This means reformulating the goal is required, such
that it now becomes: to kill 100 rats in one night (lasting 10 hours). Does this
influence the strategic selection of resources?
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e Cannon: the same details as before.
The number of shots that can be fired in these 10 hours is:
10 hrs x 60 mins / 2.5 mins per shot = 240.

According to the assignment, half of these shots hit the target. That is to say,
120 shots hit the target:

Effectivenesseorericas = 120 dead rats / 100 dead rats = 1.20.
e Trap: the same details as before.
With just the one trap only one rat can be caught each night.
Effectivenesseorerics = 1 dead rat/100 dead rats = 0.01.
e Poison: the same details as before.

It appears that when only one portion of poisoned bait is laid down, only four
rats eat from it.

The others do not eat from this bait when they see the effect it has. (8 g of poi-
son is therefore enough; they only eat 50% anyway).

Effectivenesseorericat = 4 dead rats / 100 dead rats = 0.04.

Conclusion. The theoretical effect appears to be strongly dependent on the way
in which we define the intended results. We conclude here that we must choose
the cannon anyway. However, have we really exhaustively examined all of the
resources?

When we purchase 100 traps we can achieve our goal of 100 rats per night.
Effectivenessorericat = 100 dead rats / 100 dead rats = 1.

If we do not use one portion of poison as bait but 25 portions of 8 g instead,
then we can also achieve our intended result. As they only eat 50% of what is
put out, we can thus expect 4 dead rats per portion of 8 g. So:

4 rats x 25 portions of poison = 100 rats.
Effectivenesseorericat = 100 dead rats / 100 dead rats = 1.

We can achieve a higher result within the given 10 hours with the cannon (120
dead rats), but we do not need to do this. We must again make a calculation of
the theoretical productivity for the sake of the strategic choice.

e One cannon: the same details as before.
Required number of working-hours:

100 dead rats / 1 dead rat per 5 mins = 500 minutes = 8.33 working-hours
(instead of the 10 working-hours available).
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For Sexpeciea for 200 shots, the same calculations are valid:
Total Seypecrea = €900.

Productivity eoreiics = 1 dead rat / €9 (= 0.111 dead rats per €).

Remark. 1t is assumed here that a cannon can be borrowed. This will probably
not be the case in practice. The choice is then between purchasing or hiring.
These costs should be calculated and included in the sacrifice. Buying a cannon
that is not used afterwards means that the total purchase costs must be assigned
in one go to this one project. Rental would then appear to be the cheaper op-
tion, since it gives the same result for a much smaller sacrifice. The productiv-
ity of that smaller sacrifice is therefore much greater.

e One hundred traps: the same details as before.
Sexpeciea = 100 €15 + 100 x [€0.25 cheese + (2+3) minutes x €0.20] = €1625.
Productivity eorericas = 100 / €1625 = 1 dead rat / €16.25 (= 0.62 dead rats per €).
Intermediate conclusion. The cannon is clearly preferable over the 100 traps.

e Twenty-five portions of 8 g of poison: the same details and 2 man-minutes re-
quired to lay the portions of poison.

Sexpecrea = 25 proportions X 8 g x € 1/ 100 g + 25 mins x €0.20 = €12.
Productivity eorerics = 100 / €12 = 1 dead rat / €0.12 (= 8.33 dead rats per €)

=P standard

Conclusion. Now the cannon appears to be more suitable for achieving the new
intended result than the 100 traps. However, the strategic choice of the resource
rests once again on the poison.

Remark. We can rightly ask ourselves whether using 25 portions of 8 g of poi-
son instead of one portion of 200 g are different resources in the strategic sense
of the matter, or whether this is already a question of the tactics regarding the
use of that resource, the poison. In this case we clearly find ourselves in an
overlap area between strategy and tactics. We are, however, still busy making a
choice based on the theoretical figures, i.e. with a strategic choice process.

In practice, it is decided that the chosen resource (25 portions of poison) will
be actually applied. The following morning, the worker reports that:

Productivity ..., = 4 dead rats per €.

According to our theoretical calculation it was Prod. ., = 8.33 dead rats per €,
and this is set as standard for the practical implementation. There is obviously a big
difference between theory and practice here. What has now actually taken place?

Is the intended result actually achieved, but for a much higher sacrifice? Or is it
that the sacrifice is correct but the result is not achieved?
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We therefore request the actual effectiveness and the efficiency (S/S). The an-
swer is:

Effectiveness, .y = 50%
Efficiency = 96%.

It can be concluded from this that the result has absolutely not been achieved,
and in addition the actual sacrifice is greater than the expected sacrifice. These
two figures together provide great insight, while the P, doesn’t say much.

50 dead rats are actually found (some portions kill 4 rats, others 3, 2 or 1, and
some kill none), so:

Effectiveness, . = 50 dead rats / 100 dead rats = 50%.
The poison was actually found to cost not €1 but €1.25 per 100 g, so:

Sacmar = 25 portions x 8 g x €1.25/100 g + 25 x 2 man-minutes x €0.20
=€12.50.

Sexpeciea Was €12. So:
Efficiency = S,ypected ! Sactua = €12 1 €12.50 = 0.96 = 96%.

In a one-off situation, post-assessment is useless. When this expected result oc-
curs more often, than we need to see whether the actual effectiveness and effi-
ciency cannot be increased.

Tactic. We must then see whether the tactic, the method of application of the
resource, is correct (in the case of the cannon, it could be kept in a permanent
position or moved around—i.e. hunting).

The worker has placed the portions of poison randomly in the rooms. From lit-
erature research it appears that the chance that the rats will discover the poison is
far greater if the portions are placed at the entrances to the nests. From the litera-
ture it also appears that the attractiveness of a portion of poison is greatly en-
hanced by placing it on a piece of cheese.

From a methods study and better process planning, it appears that by choosing
a more advantageous route, not 25 x 2 man-minutes = 50 man-minutes but just
40 man-minutes are required to place the portions of poison.

In addition, it appears that another shop can supply the poison for €1.10 incl.
VAT per 200 g (the theoretical expectation was €1; the actual was €1.25).

Indeed, it appears from the following practical situation that the intended result
(100 dead rats in one night) was fully achieved.

The total actual sacrifice = 40 man-minutes x €0.20 + €2.20 poison = €10.20.
Effectiveness, . = 100 dead rats / 100 dead rats = 100%.

Efficiency = €12/ €10.20 = 118%.

Picua =100/ € 10.20 = 1 dead rat / €0.102 (= 9.8 dead rats per €).

Pandara = 8.33 dead rats per € (see before).
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To control:

P cruat = Pstandara % effectiveness, ., x efficiency = 8.33 x 100% x 118%
= 9.8 dead rats per €. This is therefore correct!

Remark. The costs of the cheese are left out of the picture here. Should you so
wish, you can calculate the influence of this yourself.

In this example, the waiting time between laying the poison and the result does
not increase costs. In practice, waiting time usually costs money. Also, these costs
must then be calculated as sacrifice.

By improving the application of the chosen resources at the tactical level, both
the effectiveness and the efficiency have been increased.

Based on our discussion above, it is clear that the concepts “effectiveness”,
“productivity” and “efficiency” are strongly dependent on the content that we give
to the different types of results and types of sacrifices. This can clearly be the
cause of much confusion and mutual misunderstanding.
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Chapter 9
Model for the Innovation Process

Abstract. When discussing function control it emerged that the evaluating func-
tion can arrive at the conclusion that the environment no longer needs the function
fulfilled by the organisation. The primary function has been superseded. However,
the organisation will usually still want to survive. What then? In the steady-state
model there is no single function that anticipates that and does something about it.
The model only covers the functions necessary for the execution and control of the
existing processes. These processes are equipped to realise the currently defined
goals. Missing from the model are functions geared towards innovation, towards
breaking through to new goals, to perpetuating the goal “to survive”. Using
a comparable thought process, based on thinking in terms of functions and sys-
tems, we must be able to arrive at new goals for a pre-existing organisation. This
innovation process is not a “one-off” affair. Because the environment is continu-
ally changing we must continually arrive at new goals in order to ensure the sur-
vival of the organisation. To this end, the functions to be fulfilled in that innova-
tion process must be recognised and assigned to permanent organs.

9.1 Setting Up the Model for the Innovation Process
9.1.1 Environmental Reconnaissance and Definition of Goals

When the organisation’s environment no longer needs the function the organisa-
tion fulfils, the internal goal “to survive” comes to the forefront. Survival is how-
ever only possible when new external goals can be found. That is why the organi-
sation needs a function that scans the environment and attempts to describe the
situation in that environment in terms of needs. Here, too, a desire analysis of
possible interested parties is useful, but we will also have to apply other recon-
naissance methods such as technology assessment and scenarios.
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Fig. 9.1 The innovation model. Function model for innovation in an aspect system

From the needs identified, we can then formulate possible goals for the organi-
sation. Considering the knowledge, people and means present, it is useless to for-
mulate all of society’s needs. Furthermore, we must remain within the domain of
the existing organisation’s possibilities. This will be returned to in the next section,
on policy-making. We will denote these functions environmental reconnaissance
and definition of goals. However, at this stage of the process, the definition of goals
is not yet definitely possible. We must first weigh up other possibilities. The inno-
vation process is not as straightforward as the steady-state process essentially is.

In this context it is useful to make a distinction between growth processes and
stacking processes. This distinction originates from the analysis of “thinking as
a process” by van der Goot and Malotaux. With stacking processes, the type, the
time period and the sequence of the activities to be performed are known in ad-
vance. A growth process is however iterative throughout the whole structure. We
are repeatedly faced with the task of developing new alternatives, choosing from
these and testing that choice. It is crucial to a growth process that the project
grows through each choice, but we must also solve the problems that are caused
by these choices. Partial problems must be isolated and solved separately. Stagna-
tion occurs regularly in this iterative process. We must return to a previous step
because it appears that we cannot solve the problems caused by the last but one
choice, etc. Maturation periods are continuously required to proceed, and this is
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also the case in the innovation process. We can compare this with a pilgrimage:
three steps forward, two steps back, three steps forward, etc.

Ultimately, a combination of both types of processes is possible if a part growth
process is also required within a stacking process. Conversely, part-stacking proc-
esses appear in each growth process. However, the innovation process largely has
the character of a growth process and is therefore more difficult to put into model
form than the “steady-state” with mostly stacking processes in the execution. The
flow in the innovation model must often return again to a previous function in
order to get back onto the primary process route. This is suggested in Fig. 9.1 by
curved arrows, as opposed to the straight arrows used in the steady state model.

9.1.2 Policy-Making

After we have found potential new goals we must check the ways and means by
which these goals can be realised. We must also set priorities for those goals. For
various reasons we will not accept some possible goals, as true goals. Particularly
in an innovation process in an existing organisation, it is important to take into
account existing possibilities and not to take risks that are too great. To achieve
diversification—i.e. adding other types of products to those that are currently
being made—three important factors must be present:

The development function should have specific knowledge and experience
Production should have certain means as well as specific technological knowl-
edge and experience

e Marketing (sales) should be focused on and have experience of the market for
certain types of products for certain categories of customers.

We must, if at all possible, make a relatively gradual transfer to another type
of product. Experience has shown that at each diversification step it is wise to
ensure that there is still a relationship to the present situation for two of these
three factors.

The 1980s saw an increasingly careful approach to diversification. It is now
suggested that strategic decision-making should concern itself with:

The range of the organisation’s activities

“Matching” the activities with the environment

“Matching” the activities with the people and means in the organisation
Allocating and redistributing the important people and means in the organisation
The values, expectations and goals of those who influence the strategy

The direction in which the organisation will move in the long term

The effects of change throughout the entire organisation.

In short, it is about a good “match” between opportunities and threats. All of
this fits well with the innovation model to be developed here.
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In the different analyses we continue to use matrices in which we plot our own
organisation and our own products as well as those of our competitors (bench-
marking). From this, we determine our own strengths and weaknesses and we
attempt to determine a strategy. Examples of such comparisons are:

Market share against rate of market growth

Competitive position against that company’s attractiveness

Competitive position against the phase of product/market development

The maturity of the industry against competitive position (Porter 1986; Johnson
and Scholes 1997; Gold 1991).

In policy-making, we examine which ways and means could be employed to re-
alise those possible new goals. This process can again raise new questions for the
environmental reconnaissance function. The returning arrow in Fig. 9.1 indicates
this. Here too we encounter the question: how can we know whether all possible
means have indeed been considered? To achieve this, the key is again to think in
terms of basic solutions.

However, we cannot make a final new goal definition nor set a definitive policy
until the discussion of the confrontation between these desires and the possibilities
has taken place.

Remark. In Chap. 8 it was already suggested that we prefer to separate the
specification of the goals from the determination of the policy. This primarily
analytical separation is crucial to making sure that all possible organisational goals
are discussed. Which goals eventually are or are not accepted is a result of discus-
sion and/or balance of power between the parties involved. This is particularly true
of conflicting goals. For competitive goals it is about which goals receive prefer-
ence when the resources are limited. It is therefore important to make sure that no
goal disappears out of sight prematurely. As soon as we begin to discuss the pri-
orities between the goals and the ways and means by which we intend to achieve
those goals, extensive differences emerge when interpreting and estimating the
risk. For those reasons, in deference to an approach commonly seen in the litera-
ture, we have split the policy function in two: into a goals function and a policy
function.

9.1.3 Confrontation and Tuning

We have now determined the ways and means that will be required for all sorts of
possible goals in order to achieve such goals. We have stated our preference for
certain goals. These are all still just desires. In order to be able to decide upon our
definite choice of which goals with which policy, we must confront these desires
with the organisation’s possibilities. Does it possess the required knowledge, peo-
ple and means? Can it develop these? And if the answer is “yes”, within which
time period; can the capital market be approached? And if “yes”, within which
timescale can the investments be paid back? Are organisational changes required?
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To what extent can the changes take place simultaneously or will the different
requirements have to take place in succession? Based on this confrontation of
desires and possibilities, the prioritisation of the goals will perhaps have to be
changed whilst other goals will fall outside of the possibilities. Various forms of
information and new questions return to the previous policy-making function and
the environmental reconnaissance function. This iterative process is usually fol-
lowed a number of times before we arrive at a feasible tuning of the desires and
the possibilities. Only then can a more definitive goal definition with a more de-
finitive policy choice be undertaken. The most important goal of the tuning func-
tion is the confrontation between the desires and the possibilities for the appro-
priation of people and means. The final result of these series of iterations is an
attainable tuning that we usually lay down in such documents as a master plan and
budgets. However, this result is a derivative and not the primary function.

When finalising the determination of the goals and the policy, we should ex-
plicitly determine the demands on the system with respect to effectiveness, pro-
ductivity, flexibility, throughput time, reliability of delivery, etc. In addition, the
required degree and the manner of process control should be determined, as should
the degree of centralisation or decentralisation, and the technologies, processes
and organisational structure to be applied.

9.1.4 Development and (Re-)Equipping

The results of the previous process indicate the research and/or development that
must be undertaken. This can have implications for:

e Product development: the development of products or services to satisfy the
needs that have been identified

e Production development: the development of all that is required to both pro-
duce the chosen products or services in the most effective and productive man-
ner possible and to deliver these to the environment

e Input development: the development of all required input factors, such as raw
materials, people and means, capital, ideas and organisation

e Market development: the development of the output relationships, distribution
channels and latent needs.

During this phase, we may not be able to find solutions for problems that have
arisen, or we may find that provisional estimates of required time, capital and
capacity were incorrect, that new questions arise or that unexpected new possibili-
ties are discovered. This information and these questions can again lead to a re-
view of the goals and policy, and thus to a return to previously chosen principle
solutions. We must then make further new choices, after which a confrontation
between desires and the (now better known) possibilities, will again takes place. In
other words, a new iteration step is required.
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Only when the possibilities are definitely known can the goals, the policy and
the tuning be definitely realised. Then we can begin the actual equipping or re-
equipping of new execution processes. This involves not only technological
equipping and layout but also the eventual forming of new organic and personnel
structures, the enlisting or changing of means and capital, and the training and
eventual recruitment of personnel. The new or renewed executing process can then
commence.

9.1.5 Control of the Innovation Process

Despite the typical iterative, growth process character of the innovation process, it
will need to take place in a manner that is as controlled as possible. Thus, the
setting, equipping and control of standards is also required here. In particular, it is
necessary to “feel your way” through the first series of iterations between goal,
policy and confrontation with the possibilities, and so these are difficult to plan.
We will initially be able to make no more than procedural agreements. The net-
work technique, which initially establishes relationships without estimating time-
scales, is best suited for this. In a more advanced arena, these relationship net-
works can be translated into network scheduling through the addition of estimated
times. When the confrontation leads to an initial tuning of the desires and possi-
bilities, the schedule can be made more concrete and can incorporate task-setting.
The resulting (provisional) master plan also provides a schedule for continuing the
innovation process. This innovation process is largely a one-off process despite
the iteration steps. We can therefore only apply equipping, feed forward and even-
tually “add the (still) missing” as methods of control. A specific function for these
controls must be incorporated. This function is symbolically depicted on the left
hand side of Fig. 9.1. This black box for the function is not as detailed as it is in
the steady-state model due to the complications associated with the iterative char-
acter. In Fig. 9.1, an information arrow is drawn to the left from the tuning func-
tion to the controlling function. After tuning is realised, the master plan and the
budgets form the standards for the subsequent innovation process. This plan pro-
vides the programming of the timescale for policy implementation.

This master plan primarily specifies when actions should happen: the pro-
gramming. This is best compared with the control of quantity in the steady-state
model. However, it is then apparent by analogy that the control of the quality of
the “product” in the innovation model is missing. In this case, however, the prod-
uct is now a new policy and the implementation of it. Policy is formulated at the
policy layer. In term of content, it looks similar to a specification of requirements.
Then, as the innovation process proceeds, there must be continuous monitoring of
whether the following steps adhere to that formulated policy, to that specification
of requirements. Is this policy actually followed during the development and the
equipping and the eventual implementation of the new process? Are emerging
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difficulties and impossibilities relayed to the previous functions, or is it necessary
to improvise? Do personal gain and personal views play a role in the later deci-
sions that occur at lower levels? We call this quality control the policy verifica-
tion. This is also carried out by the controlling function. This is why, in Fig. 9.1,
the arrow for “standards policy” is drawn from the policy-forming function to the
left to the controlling function. This is therefore a quality standard that determines
the policy of the subsequent content and the results of the innovation process. It
may be tempting to view this as feedback, but this would be incorrect. It is actu-
ally feed forward, as we measure disturbances in the policy implementation and
intervene based on the measurements, and so cause determines intervention.

Thus, only feed forward or add-the-missing are referred to by the control of the
progress and by the control of the quality of the innovation process. Therefore, in
Fig. 9.1, both the drawn measurements and the drawn interventions could occur at
random somewhere during the innovation process (disturbance or deviation de-
termines intervention). Both can concern the quality of the policy as well as the
progress.

9.1.6 Policy Evaluation

At a certain moment in the innovation process, we make a definite choice of certain
goals and create a specific policy. Whether that choice was the right one can only
be judged later, when the implementation has been active for some time. We must
also consider: are we really fulfilling an environmental need, or was that need
purely fictitious or different to what we thought? Have we chosen the correct ways
and means? In short, does this choice of goals ensure the survival of the organisa-
tion? Note that we are then back at the same situation discussed at the start of this
chapter, where it was assumed that the existing goals were no longer valid. This is
policy evaluation, and a function for this must also be incorporated into the model.
This is drawn on the right hand side of Fig. 9.1. This is indeed feedback. In this
way, the results of the innovation are measured and compared to that policy. How-
ever, when the results do not meet with expectations, then the interference entails
a complete new cycle of the innovation process or at least part of it. This continu-
ously renewed process of innovation is a metaprocess where feedback is indeed
possible, in contrast to the one-off innovation process indicated in the model.
Therefore, the metaprocess comprises a whole series of the models such as Fig. 9.1
in succession, and they sometimes overlap if other goals are also possible.

This metaprocess is essential for the survival of the organisation. Successful in-
novation is based on learning from mistakes. In this respect, Den Hertog (1988)
introduced the concept of learning ability, which he defined as the ability of an
organisation to collect relevant information, to select, to integrate, to store and to
retrieve, to transfer and to use. To this list should be added: to interpret information.
The metaprocess used in the innovation model is crucial to this learning ability.
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The function policy verification in the model checks whether we correctly carry-
ing out the innovation process, while the function policy evaluation checks whether
we undertaken the correct innovation, and asks what can we learn from this.

9.1.7 Innovation and Improvement of Existing Processes

In the previous descriptions, the innovation process ended with the initiation of
a new, equipped executing process. Problems can arise during execution: difficul-
ties with the production, with the product, with the input or with the market. In the
first place, it is the task of the functions in the steady-state model, as suggested in
Sect. 4.3.1, to solve these problems. It is however possible that some development
must occur in order to solve them. The upwardly curved dotted arrow in Fig. 9.1
indicates this. Sometimes this can also give rise to questions about new tuning or
policy issues.

We once more perform a series of iterations through the innovation model.
However, the difference in this case is that we are talking about a problem with
a much smaller scale and range compared to the previously mentioned innovation
process. In addition, the question has arisen from a pre-existing executing process,
not from a reconnaissance of the environment for new needs. It is often difficult,
in practice, to precisely define the boundary between actual innovation and large
improvements in the existing situation.

The innovation model drawn in Fig. 9.1 can thus apply when starting an or-
ganisation from scratch as well as innovating an existing organisation and improv-
ing the execution of existing processes. This model is also valid for each aspect-
system separately.

In principle, the model was built from a “zero situation”—there was no goal
and we went in search of needs to be fulfilled in the environment. Based on that
environmental reconnaissance, the model was further developed downwards.

This innovation model is, with various adjustments, based on Malotaux’s “main
functions” model. He developed this model for use in his organisation consultancy
business. He ascertained that many companies found it very difficult to implement
deliberate and controlled innovation. They often had sufficient command of the
steady-state process but failed to implement new developments.

9.2 The Nature of the Model for Innovation Processes

A model is an aspect system of a higher aggregation layer used for studying an-
other system. Depending on the goal set by the researcher, a system is a distin-
guishable collection of elements within the total reality. These elements have
mutual relationships and (eventual) relationships with other elements in the total
reality. These respective definitions given in Chap. 2 prompt the question of which
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relationships the steady-state model and the innovation model actually contain.
Here, the elements are functions in processes that must be fulfilled in the system.
For each of these functions a process is again necessary at a lower aggregation
layer. In the innovation model the eventual new primary process is represented by
a black box. This is thus the process by which the system must derive its right to
exist in the future and by which the income for the system must be generated. All
of the other functions in the models can, in turn, only derive their rights to exist
from the contributions that they can make to improving or simplifying the func-
tioning of the primary process at the operational level. The key to the connection
between the functions is obtained in this way. The relationships between the func-
tions in the model are therefore formed from the items that the processes that fulfil
the functions provide to each other. The outputs from the functions are the con-
necting links. These outputs form the inputs for subsequent processes. A function
is then also described in terms of its desired contributions, and not in terms of how
that contribution is realised (and so not in terms of throughput). The models show
functions in terms of their functional coherence; that is to say, in terms of the
required effects on or their contributions to each other. This involves the mutual
tuning of processes via the required contributions (outputs) in order to realise
a common goal. The models do not describe tasks; they abstract the different ways
in which a function can be fulfilled. Both the innovation model and the steady-
state model are empty with respect to the contents of the processes. Indeed, very
different contents of concrete processes can flow through these models. It is this
property of abstraction that makes these models generally applicable. They are
only normative for the coherence of the outputs from the different contributions.
Using these models then we can explore totally different primary processes at our
own discretion: the production of coffee grinders or aeroplanes; the healing of
patients or the education of academics.

The models are also valid for one aggregation layer below each process that
fulfils each function that arises in these models: this is the “nurse’s effect”. The
models can therefore be applied as a construction module in the design of an or-
ganisation. However, it is important to delineate the different aggregation layers at
which the models are applied. They are thus conceptual models that support theo-
retical development.

9.3 Policy Evaluation

In the innovation model, the organisational goals are determined at the goals layer.
At the policy- and tuning layers, the ways and means to realise these goals are
determined, broken down into steps, set out in time and confronted with the possi-
bilities. This results in (among other things) a master plan and budgets; the as-it-
should-be situations at the time; the standards that must be adhered to. The control
loop for policy evaluation must compare the as-is-situation with those standards in
the future. In doing so, they must not only look inside the organisation but must
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also be attuned to what is going on in the environment, eventually via other or-
gans. No matter how well a certain organisation may seem to function when
viewed in isolation, it may not function quite so well when viewed as part of
a greater system. An organisation’s performance should be measured in some
manner. The performance is not the quantity of output; this is, at most, one aspect
of it. It is about how well its function is fulfilled, its effectiveness and the sacri-
fices that must be made to fulfil its function (the productivity). We should take
into consideration not only the quantity of output but also its quality, the adher-
ence to delivery times, the degree of service, etc. The organisation must optimise
various factors in combination, such as the effectiveness, productivity and effi-
ciency of the product flow, as well as the quality, reliability, throughput time, etc.,
of the product. The criteria for these must be deduced from the pattern of norms
and values that are active in the environment. For example, consider the current
changing opinions on the required life expectancy of products, the importance of
environmental hygiene, working conditions, type of work and working climate.
These norms and values in the community are not objective; they are not absolute
and unchangeable. They are based on a multitude of aspects: economic, social,
ethical and political factors.

The concepts of effectiveness, productivity and efficiency are important when
testing these standards. Therefore, we should not (as is often the case) only apply
them in technological and economic aspectsystems. We must also use them in the
social aspectsystem, in the information aspectsystem and in other aspectsystems.

The question is in fact more about whether the results fulfil the goals, and
whether those results are achieved with the lowest possible sacrifices. When we
make the strategic choice of ways and means in the policy, we continuously en-
counter the problem that we must first know whether something can be done.
Only then can we test the desirability, after which we can consider whether we
should do it. This last consideration is partially based on the sacrifices to be made.
We then consider whether the desire for it is so strong that we consider that the
sacrifices that must be made to do it are acceptable. First we test the desirability of
doing something, based on a general idea of what should be desirable. Only then
can we develop methods with which we can do it. After this, we determine the
expected sacrifices so that we can then retest the desirability, taking into consid-
eration these sacrifices to be made. Monetary values are often used for these com-
parisons, but money is not very useful as a measuring unit for inputs and outputs
of aspectsystems other than economic aspectsystems—for example, inputs and
outputs of human motivation, energy, work satisfaction, product reliability and
reliability of production processes—and for the ramifications of these types of
aspects on the future of the organisation. In this case we must still work with the
concepts of effectiveness, productivity and efficiency, but these are then expressed
in units other than money; units that are often not expressible quantitatively, and
can only be ranked (for example, examination grades) or are only attributive (for
example, yes/no or red/green/blue). During policy evaluation we need to test all of
these factors and their relationships to standards and the needs of the environment.
However, we cannot quantitatively compare many of the aspects involved; for
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example, money and work satisfaction, so the final comparison with the standards
can never be performed based on one indicator—it requires a complete series of
(often subjective) comparisons.
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Chapter 10
The Design Process with the Conceptual Models

Abstract. Where should the models be positioned in the design process? We
start by examining the design process of an industrial system itself. It appears that
the functional design should be done in an interdisciplinary way in order to con-
struct “shared memory”. In contrast to developments in design theory, every do-
main should be involved and should start from the same objectives. Both the
PROPER model and the steady-state model support this interdisciplinary design
approach. The emphasis when using these models will shift from “streamlining the
existing” to “starting from scratch” in order to make use of new opportunities. The
result of the process will be a function design that all domains can draw upon for
their detail design. The function design can be completely expressed in terms of
both function models and may provide a source of information for future designs.

10.1 Introduction

In Chap. 5, the process—performance model (PROPER) for an industrial system
has been defined. This model represents the interrelated aspects (orders, products
and resources) that arise during the design process, not only from an operational
perspective but also from a control viewpoint. The use of the PROPER model
during the design process will be examined in this chapter.

During the design process, the level of detail in the model gradually increases
with succeeding cycles of problem formulation and solution. The elements of the
model remain PROPER models at different aggregation layers during this trajec-
tory. As such, the model is a frame of reference for all disciplines involved. The
model plays an important role in problem formulation: each solution or each deci-
sion formulates new problems in more detail or tapered to one or more subsystems
or aspects.

The design process itself will be examined first. The nature of design has
changed significantly, not just as a result of a changing market, but also as a result
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of developments in information technology. The emphasis in the process has
shifted from “streamlining the existing” to “starting from scratch” in order to
make use of the new opportunities.

In this chapter, the application of the PROPER model to the design process will
be explained via the innovation model (see Chap.9). The elaboration of the
PROPER model is then represented then as a process composed of two clearly
distinguished steps: function design and process design. Each of these design steps
consists of successive cycles where each cycle determines the context, function,
structure and behaviour, in this order. When changing from function design to
process design, the phrasing of the questions changes from “what?” and “why?” to
“how?” This transition coincides with the transition from generic PROPER model-
ling to the specific modelling of each discipline. The transition will be illustrated
for the fields of organisation, technology and information.

The PROPER model will always be required for communicating about and
feedback on detailed designs. The use of the model supports the structured re-
cording and evaluation of elaboration and changes. This satisfies the major aim of
constructing a “shared memory” from which future design processes can then
draw. Shared memory starts with “shared meaning”, and the PROPER model
plays a major part in this (Konda et al. 1992).

At the end of this chapter, the steps of the design process in which behaviour
descriptions can contribute to decision-making will be explained. This provides an
introduction to modelling time-dependent aspects of the industrial system.

10.2 The Design Process

The pressure to reduce costs and lead times, to upgrade quality and to enhance the
effectiveness and productivity of industrial systems in general has increased
enormously during the last few decades. As a result, the importance of (re)engin-
eering has also grown (Davenport, 1993). Both the number and the kinds of tools
available for design have also expanded due to the development of information
technology. For example, computer-aided design (CAD) and computer simulation
are commonplace now. Beyond this, information technology has also changed the
content and structure of industrial systems. The increased speed of communication
has influenced decision-making processes in industrial systems, and technological
tools have become more advanced through the use of automation. Therefore, the
design process is increasingly being from scratch, resulting in the risk of errors
being repeated or “re-inventing the wheel”. To rule out this risk, design decisions
and principles should be recorded in terms of the PROPER model, since the model
is conceptual and fundamental with respect to functions and processes. Therefore,
this model must be positioned in the design process. To determine this position,
the characteristics of the design process of an industrial system must be described
using a model.
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Several conceptual models for a design process have been developed. In a clas-
sification developed by Konda et al. (1992), it was concluded that these models
are usually developed from the viewpoint of a single discipline. There are models
for the design of technical systems or products, for information systems and for
organisations. An industrial system however covers all of these aspects.

Currently, the design process is not restricted to the just the product. In all disci-
plines, the “making of” the product and its use are also included in the design proc-
ess from the very start. The (efficiency and effectiveness of the) manufacturing
process is considered during the design of products, and its utilisation during pro-
duction (e.g. maintainability) is considered during the design of a technical system.
The design process of information systems includes the implementation trajectory
and maintenance, and the design of an organisation is not complete without includ-
ing this process. Terms like “concurrent engineering” and “life-cycle engineering”
all refer to this tendency to integrate different aspects of the product.

The common starting point for all design processes is usually the function to
be fulfilled. After that the function is detailed and finally concretized for imple-
mentation.

In order to support an interdisciplinary approach to the design of an industrial
system, a step is required before the different (parallel) design trajectories of each
discipline. We consider the design of an industrial system to be a combination of
the design of a product (the industrial system itself) and the design of a process
(the way in which the industrial system works).

Product design involves determining the objectives of the system. Central ques-
tions in this process are “what is feasible?”, “what is required?” and “what func-
tions need to be fulfilled by the system?” It is a strategic decision process and it
will be termed the function design from now on (see Sect. 10.3.).

Specifying the way in which the system will work involves defining structure,
processes and resources, and this will be termed process design (see Sect. 10.4).
Process design deals with the optimal utilisation of resources, technology and
information and therefore belongs to the field of tactical decision-making.

Function design covers the performance part of the PROPER model, while
process design covers the processing part.

Function design distinguishes between innovation and improvement. Improve-
ment usually only concerns the reorganisation or reengineering of an existing
system, which implies a rearrangement of existing functions or a different inter-
pretation of these functions. Innovation concerns the extension, reduction or modi-
fication of functions due to the introduction of new technology, resources and/or
organisation.

Jonas (1997) even distinguishes between three steps in the design process: analy-
sis, projection and synthesis (see Fig. 10.1). Jonas states: “Transforming a vague
feeling of discontent into a solution turns out to be a three-step process of reducing
uncertainty (contingency). The traditional concept of industrial design neglects the
first two steps and acts at the very end of the process”. The function design as de-
scribed above corresponds to the first two steps according to Jonas. After these
steps, a “problem” is formulated that can be used for process design. During the first
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Traditional range of design:
a problem is "thrown over the wall"

Fig. 10.1 Design as a three-step process of “problem solving”

step (analysis), a feeling of failure or discontent (e.g. “the market asks for some-
thing different”) is translated into a number of possible reasons (e.g. “we are too
expensive”, “we don’t make the right product”, “we don’t deliver in time”).

In the step called “projection”, the feasible and desired possibilities that could
remove these reasons (such as “expand”, “shrink”, “innovate processes”, “inno-
vate products”, “automate”) are investigated. Deciding on these possibilities re-
sults in a definite problem formulation for the design trajectory.

Both the division of the design process into function design and process design
and the division into analysis, projection and synthesis are plotted in relation to the
functional steps of the innovation model (as described in Chap. 8) in Fig. 10.2. To
make comparisons easier, the environment and the functions “verification” and
“evaluation” have been omitted (see Fig. 10.2). On the right hand side of the fig-
ure, the result of the design process is represented: an operational industrial sys-
tem. This system is represented by a PROPER model.
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Fig. 10.2 The innovation model as a design process
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The second step in the innovation model is called “define alternatives”, in order
to emphasise the iterative character of the process. Originally we used “make
policy”, but a policy (or a selected alternative) is achieved after several iterations
via confrontation and tuning and (provisional) development.

The figure shows that function design encompasses the steps “explore envi-
ronment and define objectives”, “define alternatives” and finally “confront and
tune”. The process design takes place in the step “develop and organise”.

Most of the literature on design focuses solely on process design. However,
function design involves determining what can be required from the system, and
this is the starting point for process design. This distinction correlates well with the
different performance indicators described in Sect. 8.4. During function design, the
strategic indicators of theoretical effectiveness (Eq. 8.1) and theoretical productiv-
ity (Eq. 8.2) should be determined. This cannot be achieved without iterating parts
of the process design (albeit provisionally) because the expected efforts are greater
than the resources allow. Having determined the intended results, the results that
are expected and the efforts that are expected, a definite configuration can be se-
lected, which will be fully elaborated during the process design.

Example 10.1. The Automated Container Terminal Project (see Chap. 11) was
a design trajectory to develop a largely automated container terminal. This project
was preceded by several years of research to determine both the resources and
technology that were most appropriate and feasible for achieving the intended
results. In those years of research, for example, several alternatives were investi-
gated for the quay transportation system, such as rail-bound transportation, con-
veyors and free-ranging automated vehicles. In the end, a system with automated
vehicles was selected based on the requirements of flexibility, productivity and
technical feasibility. How to construct these vehicles (with respect to automation
and technology), how to control them, and even which part of the functionality
required on the sea side they needed to fulfil had not yet been determined. It was
clear, however, that this system could offer the best theoretical effectiveness and
theoretical productivity.

10.3 Function Design

Function design aims to determine a system configuration that is able to provide
a required performance in an optimal way; i.e. to provide the intended result with
acceptable efforts. For an industrial system, this can generally be expressed by:
“offer the required service with acceptable costs” (Lambert 1997). During function
design, the system configuration should be tested for feasibility and desirability.

The steps in function design will be denoted by the functional terms of the in-
novation model shown in Fig. 10.2.
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Step 1. Explore the Environment and Determine the Objective

During function design the environment mainly consists of the customer market,
the society, the company to which the system belongs and the chain to which the
system belongs. By exploring the environment, the need of the environment (the
required service) is determined.

This need is translated into objectives, preconditions and principles. Precondi-
tions fall outside the range of influence of the system and are firm restrictions on
the rest of the design trajectory. Examples are statutory regulations, environmental
laws and the like. Principles are conditions drawn up by the company’s culture.
They can be influenced, but changing a principle goes beyond the scope of the
system to be designed and often involves high costs.

Objectives are expressed in terms of the PROPER model:

e Regarding the order flow: what is the demand composed of, what is the required
lead time and what is the required reliability of delivery?

e Regarding the product flow: what are the products required, what is the required
quantity and quality and what are the costs and flow times?

e Regarding the resource flow: what is the required quality and quantity of re-
sources with respect to the order and product flows?

In terms of the relationships between the flows, this leads to questions such as:

e Between the order and product flows: what is the ratio of the order quantity to
the product quantity?

e Between the resource and product flows: what is the required flexibility of
utilisation?

The objectives for the order and product flows strongly influence the resource
flow. In cases that involve, for example, large seasonal influences (e.g. the sugar
industry), continuous operation (e.g. service departments) and dangerous work
(e.g. the chemical industry), social factors play a major role. In addition, the in-
creasing degree of automation has enabled new modes of operation and working
methods, but these have not always been welcomed and they have led to consider-
able resistance to innovations.

At the end of this step the objectives are expressed in terms of the intended
results.

Step 2. Define Alternatives

During this step, a number of alternative configurations are determined that may
satisfy the requirements. Defining alternative configurations involves thinking
creatively and structuring. Creativity does result in new ideas, but the results of it
can and should be reflected in terms of the following structured approach.
Defining alternatives is actually an iterative process that can be defined glob-
ally as a repetition of cycles consisting of context determination, function deter-
mination, structure determination and behaviour determination (Ackoff 1971).
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Table 10.1 The cycle of determining alternatives

Context In terms of the systems approach, this is the determination of the system
determination  boundary. The system is considered part of a larger chain. Upstream, the
system can be expanded in the direction of suppliers, downstream in the
direction of customers. It is also possible to shrink the system.
System concepts will result, in which different configurations can be se-
lected. Each alternative has a primary function, based on the objectives.

Function The primary function is divided into subfunctions (zooming). The intended
determination  result is defined for each subfunction.
Structure Subfunctions can be particularized in the horizontal and vertical directions.

determination ~ There are two major ways of doing this horizontally:

e Specialization/parallelization: the flows are split or combined
o Differentiation/integration: the functions are split or combined.

This step is a vitally important one, because splitting and combining flows
and functions influences both the results and the efforts that can be expected.

Splitting functions or flows generally results in increased costs (extra
transfer actions, increased space requirements and the like). Combining flows
may also lead to increased costs (complex technology, turnaround costs, extra
sorting, etc.).

The particularization in the vertical direction concerns the control struc-
ture. Control echelons are introduced and the degree of autonomy for each
function group is determined. This type of structuring indicates the controlla-
bility and control burden (the need for control).

A number of structure concepts are defined as a result. For each structure,
the results that can be expected should be determined.

Behaviour Each structure causes “behaviour”. This presents itself on the one hand in

determination ~ communication and consultation requirements, and in the other in time-
dependent phenomena with respect to the contents of a structure (stocks,
throughput times, etc.). This step therefore determines the expected behav-
iour: a behaviour concept. Behaviour also influences both the results and the
efforts that are expected. Each structure exhibits its own specific behaviour.

Each successive cycle takes place at the next aggregation layer. The following
table shows the contents of each part of a cycle.

Table 10.1 shows that a feeling of discontent is translated into configurations
consisting of a system and structure concept with a corresponding behaviour
concept. It leads to a problem formulation for process design. In terms of Jonas’s
model, the analysis yields system concepts and the projection phase yields struc-
ture and behaviour concepts.

The PROPER model is the basis for defining system and structure concepts.

During the step of defining alternatives, each of the disciplines involved should
evaluate the feasibility of a configuration from its own perspective. The model is
not bound to a specific discipline and clearly reflects the environment, functions
and structures. It is considered a “cognitive map” of the design. According to
Dwyer (1998), such a map is “a system model from the perspective of how people
involved with it will understand it”. He further states that “systems incorporating
human beings must be designed with the cognitive properties of humans in mind”.
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The determination of results to be expected is actually a part of process design,
albeit a provisional one. Through draughts, prototyping, experience and simula-
tion, each discipline contributes to this determination. This illustrates the iterative
character of design.

If a system or structure concept is considered unfeasible (the results that are ex-
pected don’t match up with the results that can be expected), this concept will not
be elaborated any further. For the remaining configurations, the intended results
and the results that are expected are now specified to the layer of subfunctions.

The PROPER model does not reflect the behaviour concept. It is a static model
of the system. Step 3 will address this further.

Step 3. Confront and Tune

With the intended results and the results that are expected in hand, this step aims
to determine the efforts that are expected for each configuration. To do this, the
process component of the PROPER model is examined. A process takes time and
capacity (costs). Confrontation means, for each discipline involved (in this book
these are technology, organisation and information), separately assessing “can we
do this?” and “do we want this?” All of the disciplines together then try to adjust
to one another. For illustration purposes, common questions to be answered for
each alternative are formulated for each of the disciplines in Table 10.2.

The results of “confront and tune” include a specification of the results and ef-
forts to be expected for each alternative. The alternative with the maximum theo-
retical productivity is selected first. The other alternatives are retained in case it is
found that this alternative does not match expectations during process design.

To determine the theoretical effectiveness and productivity, an understanding
of the behaviour of the system is required. Simulation is an outstanding tool for
achieving this.

Even without concrete resources being defined, simulation enables the expected
behaviour of the processes in the PROPER model to be evaluated. The behaviour
of functions can also be represented. In Chap. 5, the notion of “behaviour” was
defined exactly.

Table 10.2 Confront and tune by discipline

Technology Are the grouped functions technologically feasible? What kinds of hardware
(and developing time and capacity) are required? What are the consequences
with respect to operations, maintenance and environment?

Organization What will the departments be? Are we able to and do we want to realise these
within the existing organisation? What are the demands on the competencies
of people and other means? Can they be obtained here or elsewhere? What
educational efforts are required?

Information ‘What are the demands on architecture, software and hardware? Which admin-
istrative systems, control systems and production support systems are re-
quired? Are we able to develop the systems required in-house, or should we
hire capacity for this?
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10.4 Process Design
10.4.1 Introduction

Process design starts at the point where a configuration is selected. The selection
may be provisional, as it is when iterating the “confront and tune” function, where
different configurations are compared. The system must now be developed and
organised. In function design, the function structure is reflected upon, including
the intended results and (a first estimate of) results and efforts that can be ex-
pected. These values are the target figures for the optimal process design.

Jonas (1997) notes that this is the territory of the traditional design approach.
Process design is a multidisciplinary/monodisciplinary approach rather than an
interdisciplinary trajectory. The methodologies of all disciplines currently contain
a stage called “conceptual design”, probably based on the multidisciplinary re-
quirements of the environment to which the methodology is applied. This concep-
tual design shows a large overlap with the function design of the preceding para-
graph. The functions that are defined, however, usually cover just one aspect or
subsystem of the PROPER model and use terminology that originates from the
discipline itself. If we represent it by the innovation model structure of Fig. 10.2,
the multidisciplinary approach results in Fig. 10.3.

The interdisciplinary approach used so far here takes all aspects and a con-
sciously chosen system boundary into account during function design. The result
is shown in Fig. 10.4.

The characteristic design steps will be described briefly for each of the disci-
plines of technology, organisation and information, and connections between func-
tion design and process design will be illustrated in the following sections.
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Fig. 10.3 A multidisciplinary design approach
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Fig. 10.4 The interdisciplinary design approach

10.4.2 The Design of Technical Systems

Technological process design mainly focuses on the resource flow of the PROPER
model. It concerns the design of machines, tools and transportation equipment.
Function groupings that were established during function design should be physi-
cally filled in at this stage. Doepker (2001) distinguishes the following steps:

1. Establishing needs and generating ideas, resulting in requirement specifica-
tions (the functional and design requirements and design criteria). Functional
and design requirements have already been formulated with the PROPER
model. The design criteria are described by Pugh (1990), and they consist of
the product design specification (PDS), the organisation and the personnel. The
PROPER model is an appropriate way to reflect these criteria.

2. Conceptual design is the decision-making performed to obtain a concept.
Doepker says that this is a very important step because design changes are still
“cheap” to implement (note that he is referring to changes in a single design
here).

3. Preliminary or detailed design. Pahl and Beitz (1996) call this “embodiment
design”; layout and form are quantified during this step. Materials and geome-
try are defined.

4. Final design. Detailed analyses (stress analysis, shaft design, heat transfer, etc.)
are performed during this step.

5. Implementation.

During steps 1 and 2, specific requirements are added by the discipline of tech-
nology in relation to materials, safety, size, weight, ergonomics, etc. Steps 3 and 4
detail the design, eventually resulting in extra restrictions. These restrictions are fed
back to the other disciplines since the functionality in the PROPER model is defined
collaboratively. More detailed insight into “behaviour” is added to the model.



10.4 Process Design 191

Example 10.2 illustrates the combination of the product flow and the resource
flow from the PROPER model in order to achieve a complete functional specifica-
tion of the requirements for the technical resources. These form the basis for con-
frontation and tuning and are the starting point for technical design.

Example 10.2. The process of importing containers at a deep-sea terminal in-
cludes the process of transferring the containers between the ships and the stack
area. It is decides that the resources to be used will include quay cranes to unload,
automated vehicles for transport and stacking cranes to stack the containers.
Transfer functions are required to transfer containers between the resources.

Suppose that the product flow for this part of the Operate function is modelled
as in Fig. 10.5 from (Veeke and Ottjes 1999).

One of the alternatives that needs to be investigated during the confront and tune
step of function design is the one where the automated vehicles don’t have a lifting
installation; the transfer functions are to be performed by the other equipment.

Adding the resource flow to the product flow results in Fig. 10.6.

Now the technologists are asked to provisionally work out the vehicle design.
The required functions are defined by isolating the vehicle part from Fig. 10.6 and
zoom into the assignment part. Note that not all of the control functions are shown
in the figure to make it easier to follow.
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Fig. 10.6 Product and resource flows in the container import process
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Fig. 10.7 Vehicle functions in the container import process (QC = quay crane, SC = stacking crane)

From the technological viewpoint, the size, speed, etc. of the vehicles are major
design criteria. Vehicles always have a physical position, use space and they
should be “stored” when they are waiting for a job or for transfers to be performed
by quay crane and stacking crane. This becomes clear if we zoom into the buffer
for assigned vehicles (Fig. 10.7).

The Receive, Wait for SC and Deliver functions are parts of the transfer func-
tions shown in Fig. 10.6. The results and efforts to be expected with this type of
vehicle in this configuration should be estimated from these functions. Expected
results will be the number of transports per time unit, while efforts will be the
number of vehicles, their occupation and space requirements.

The Wait functions can be fed back into the overall design to allow for com-
parisons with other alternatives.

The purely technological functions Drive and Transport will be worked out af-
ter we have chosen between the alternatives. In this case, the results and efforts to
be expected are accepted and become standards for the technological design.

10.4.3 The Design of Organisation Systems

Bikker (1995) defines a strategy for organisation design (Fig. 10.8). He distin-
guishes between two major design pathways:

1. The analysis of objectives and policy
2. The analysis of the organisation of processes.

The first pathway—analysis of objectives and policy—coincides fully with the
function design of the design process in this book. The PROPER model is very
useful for investigating the existing situation and designing a new situation,
which is the second path. Beyond this, the model is able to visualise policy deci-
sion problems in a compact and conveniently arranged way. Example 10.3 illus-
trates this.
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Fig. 10.8 Strategy of organisation design

Example 10.3. The Carrier refrigeration company considered carrying out a major
reorganisation in order to facilitate the combination of different sales companies
operating in a partly overlapping market. The characters (cultures) of the companies
varied from purely sales-oriented to heavily installation-oriented. Products ranged
from simple refrigeration equipment to complex installations. The installations
were maintained by the company during their lifetimes based on a service contract
with the customer.

A PROPER model for this company was created at the highest level of abstrac-
tion, such that the order and product flows were visualised (Fig. 10.9).

Four main functions can be distinguished: a sales function to sell new installa-
tions and maintain customer relations; a service function to respond in time to dis-
turbances; an installation function to perform the installation process; and a main-
tenance function to maintain installations.

The model shown in Fig. 10.10 was used to illustrate and discuss two principal
organisational alternatives.

Each alternative has consequences for the rest of the design process, the person-
nel and the flexibility with respect to in- and outsourcing. The interfaces between
obtain/secure and commerce/engineering were particularly big discussion points.
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Fig. 10.9 Main functions of the Carrier refrigeration company
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Fig. 10.10 Alternatives for the organisational structure

The PROPER model represents a conceptual organisation design as a starting
point for process design. In process design the consequences of function particu-
larisation are investigated, initially to compare different alternatives and then later
to detail the selected alternative. The departments should be decided upon (the
organ structure), as well as the competencies and the responsibilities (the person-
nel structure). These all determine the resources required.

10.4.4 The Design of Information Systems

Burback (1998) distinguishes between four fundamental phases that occur in all
software engineering methodologies: analysis, design, implementation and testing.
These phases address what needs to be built, how this will be built, actually build-
ing it and ensuring that it is built to a high quality. These apply to not only product
delivery, but also to deployment, operations, management, legacy and the discon-
tinuation of an information system.

The analysis phase defines the requirements of the system, independent of the
way in which these requirements will be accomplished. The PROPER model can
be used for this purpose. If one replaces the “order, product and resource” flows
by “information on order, product and resource” flows, the model completely
reflects data flows. In addition, the use of the PROPER model prevents the use of
different element types during requirement analysis. “Documents” will be as-
signed to data flows (instead of functions); databases will usually be positioned at
stock/buffer locations and within evaluation functions. One should however be
aware of the fact that the PROPER model is only concerned with operational data.
Data used for innovation and modelling purposes are not contained in this single
design approach.

The next design phase concerns the structuring of the information system: the
architecture. It defines components, their interfaces and behaviours. They can be
derived directly from the PROPER structure. In the implementation phase, com-
ponents are built either from scratch or by composition. Finally, the testing phase
ensures the correct quality level of the system.
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Most methodologies currently provide object-oriented development during the
analysis and design phase. According to Lodewijks (1991), object orientation
increases the level of abstraction of programming languages and enables a better
fit of the design process to the human perception. He shows a direct projection of
a functional design of a physical process or system to object-oriented program-
ming (Lodewijks 1996).

10.5 Simulation as a Supporting Tool for the Design
of Industrial Systems

In the last few sections, simulation has been mentioned several times as a support-
ing tool for decision-making during the design process. In both function design
and process design, simulation can be applied in conjunction with the PROPER
model to “quantify the structure”. A logistic system is a complex system consist-
ing of a large number of elements with multiple interrelations and often stochastic
behaviour. In these situations, a static structure (such as the PROPER model) is
not sufficient for deciding on the most appropriate design of a system. Dimensions
should also be taken into account and control algorithms must be tested thor-
oughly. The complexity of the system makes a mathematical description impossi-
ble. Simulation is however capable of describing the time-dependent behaviour of
these systems and performing experiments as if the system is (virtually) opera-
tional. Simulation can even provide enhanced insight into seemingly simple situa-
tions, especially for stochastic phenomena. Global models used during strategic
decision-making are often considered “simple” situations, but decisions made
during this phase are difficult to change later in the design process. Besides this,
the results of global simulation experiments provide the data needed to verify
complex simulation models.

The PROPER model has been defined and the use of it during function and
process design has been illustrated. However, ttime-dependent behaviour is not
included in this model; an extension to it is required to connect the interdiscipli-
nary modelling performed so far to the “world of simulation”.
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Chapter 11
Case: The Automated Container Terminal

Abstract. The case described in this chapter concerns the design of the first
automated container terminal in Rotterdam. The project took place in the early
1990s. This chapter shows the added value of using the Delft Systems Approach
in such a design trajectory. It shows that the expectations for the performance of
the real system could have been corrected at an early stage of the project if a com-
bination of structure and behaviour models had been used.

11.1 Introduction

In November 1988 a project program was launched to create an innovative con-
tainer terminal at a peninsula of the Maasvlakte in Rotterdam, the Netherlands, by
the main container stevedore in the port of Rotterdam. The growing volume of
container transport had prompted the stevedore and a major carrier to reach an
agreement about container-handling facilities that would be profitable for both
parties. The stevedore was operating in an environment with severe competition,
where handling costs and service rates were subject to great pressure. On the other
hand, ships and volumes were growing and the carrier had to realise shorter, guar-
anteed turnaround times on its main shipping lines.

In the years preceding the formulation of the project program, the stevedore
performed several feasibility studies, and it was found that a container handling
facility could become cost-effective and competitive by automating much of the
container handling. In terms of function performance as defined in Chap. 8, the
theoretical productivity of this facility was considered to be better than the other
alternatives that were investigated.

In this chapter, we describe the design process of the terminal from at the mo-
ment the project program appeared. At that time, the stevedore and the carrier had
reached an agreement about the functionality and performance of the new termi-
nal. Therefore, the overall strategic phase was finished and the project had entered
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the tactical design phase. The main goal of this phase was to define a standard
productivity for the terminal and all of its components that could be used to evalu-
ate the real operation. To achieve this, all of the project groups involved should
have a clear objective in terms of a theoretical productivity with respect to their
field of design. In order to assign these productivity figures, the project program of
November 1988 is interpreted using the PROcess—PERformance model (PROPER).
A global simulation model (TOMAS; Veeke and Ottjes 2000) will be used to
interpret these results and to quantify the efforts by means of time-dependent be-
haviour descriptions.

After that, the use of the approach will be discussed compared with the real
execution of the design project.

Note that it is in no way the intention of the analysis presented in this chapter to
criticise the former project group and participants (the first author of this book was
one of them), even though the outcome of the analysis shows that some of the
problems that appeared after the terminal started to operate could have been pre-
dicted from this project program. Indeed, the project was a masterpiece of innova-
tive design since it created a completely new container system that “worked” on
the intended start date in 1993, and included fundamental innovations throughout
the whole system. Proof of this can also be found in practice, because it took al-
most ten years before real improvements on it could be realised (in Rotterdam and
Hamburg).

It should also be noted that computer technology in the early 1990s was not that
advanced; complex models required the newest hardware and distributed simula-
tion was not yet being used for this kind of project. Wherever possible, the use of
knowledge gained since the original project is avoided here, but even if when is
used then the PROPER model is shown to be a suitable method of saving this
knowledge in a structured way for future use.

We first provide a summary of the project program (Sect. 11.2), and then the
main requirements (Sect. 11.3) are described without comments. After that, these
requirements are positioned in the PROPER model and sorted to three system
levels: the terminal as a whole, the level of the different aspects (order, product
and resource) and finally the function level within the product flow. The require-
ments for the automated system will then be quantified via a behaviour description
and a global TOMAS simulation model.

11.2 The Project Program

The project program was a result of negotiations between the stevedore and the
carrier. The decision was made to create a new terminal at the Maasvlakte in Rot-
terdam that would be fully dedicated to the handling of containers from this one
carrier (Fig. 11.1).
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Fig. 11.1 Position of the Automated Container Terminal

The terminal to be built was based on the concept of “majority sea-to-sea”
(MSS); it was to be a system for container-handling that was primarily aimed at
water—water transfer of containers and was therefore called the “MSS system”.

The project organisation (see Fig. 11.2) reflects the multidisciplinary approach
taken, as coordinated by a project steering committee in which all project groups
were represented.

The “Simulations” group supported all other groups where necessary, and led
the development of process control algorithms.

Ideas about the system resulted in the following prescribed combinations of op-
erations and resources (see Fig. 11.3):

e At the waterside, quay cranes (QC) will load and unload deep-sea ships and
feeders.

e Automatic guided vehicles (AGV) will transport the containers between stack-
ing area and quay cranes.

e Automatic stacking cranes (ASC) will store and move containers in and out of
the stacking area.

e Straddle carriers (SC) will load and unload trucks and multi-trailer systems
(MTS) at the land side of the terminal. Each MTS will transport up to five
40-foot containers between a rail or barge terminal and the MSS terminal.

MSS steering committee
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n Other Infra- " .

Stacking Guided . Operations Organi-

Cranes Vehicles equipment structure zation

Process
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Quay

cranes Simulations

cation
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Fig. 11.2 Project organization of the MSS project
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Fig. 11.3 An artist’s impression of the MSS system (by Rudolf Das)

The MSS system should also be able to cope with expected changes in the market:

The growing volume of container transfer

The utilisation of larger transportation units in ocean shipping and in inland
shipping and rail, resulting in increased peak-time operations

A reduction in berth times and service times

The demand for guaranteed productivity

The demand for competitive prices compared to other harbours in Western
Europe.

These changes were translated into objectives. The main (specifically opera-

tional) objectives for the MSS project were:

To minimise berth times of ships through the optimal use of resources

To achieve high quay crane productivity

To increase customer service levels

To reduce and control costs by increasing productivity, decreasing labour and
maintenance costs and increasing the use of information technology.

These objectives resulted in four types of requirements:

Preconditions that cannot be influenced by the stevedore

Functional requirements related to the performance, functionality and proper-
ties of the terminal

Operational requirements related to the use of the terminal

Design restrictions dictated by the organisation.



11.3 Functional Requirements 201

Preconditions mainly express which system should be used, what types of guar-
antees should be given and where the terminal should be built; they contain almost
no quantitative data. For the purpose of this example the functional requirements
are the most important and so these will be elaborated further. Operational require-
ments and design restrictions will only be mentioned when necessary.

11.3 Functional Requirements

The functional requirements are formulated under the following basic assumptions:

e The source—destination rates of the containers (the so-called modal split) are:
55% of the containers imported at waterside will leave at waterside; 38% will
leave by rail and road and 7% will leave by barge. 57.5% of the containers
leaving at waterside will enter at waterside; 35% will originate from rail and
road and 7.5% from barge.

e The arrival pattern of ships will consist of three main line ships together with
some tens of feeders each week.

e Ship sizes will be approximately 4000 TEU (twenty foot equivalent unit) for
main line ships and approximately 1250 TEU for feeders.

e Average dwell time will be three days for filled containers. The dwell time of
a container is defined as the period between unloading it from a ship or truck
and subsequently loading it onto a ship or truck.

e The composition of the container flow (full containers, empty containers, reef-
ers and off-standards) will be the same as seen for previous terminals.

e Containers for export will arrive on time and the loading sequence will be
known in time in order to guarantee the continuous operation of quay cranes.

e There will be 22 net operating hours each day (24 hours).

The contract with the carrier provides for a review of requirements if these as-
sumptions change. The assumptions are translated into requirements for each as-
pect, and these should be evaluated regularly.

Finally, it should be mentioned that the contract with the carrier is based on
a cost price that encompasses labour costs, materials, third-party services, quay
rent and debit and capital costs.

At the level of the terminal as a whole, the following (major) requirements
were defined:

e The new terminal should be able to handle 500,000 quay moves per year (in-
cluding barges). Barges are handled at a separate location. At the sea side of the
terminal itself there will be 475,000 moves per year.

e The system as a whole should be able to handle 600 containers a day (24 hours)
per quay crane and 630 containers a day after three years.

e The system (excluding the quay cranes) should have an operational reliability
of 99%. The average duration of a system failure should not exceed 0.5 hours.
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Table 11.1 Length of stay at delivery point

Truck arrivals Average length 95% level
per hour of stay

90-140 30 min 60 min
40-90 20 min 40 min
<40 15 min 30 min

Two general requirements were formulated:

e The number of container movements during stacking and transfer processes
should be minimised. This will be achieved by minimising storage layers and
using smart stacking control.

e The different container flows will be controlled by a programmed and central-
ised control.

With respect to the customer’s transport modalities, the following requirements
were formulated:

Al.

As mentioned before, three main line ships per week are expected along
with several tens of feeders. In addition to this, the requirements specify the
contractual port times for these ships as follows:

— Deep sea: 24-32 hours (depending on the type of ship)
— Feeders: 12 hours

In order to realize these port times an average of 100 containers per gross op-
erational hour (GOH) should be achieved.

A2.

The total service time (gate-in/gate-out) for trucks should be approximately
30 minutes. To achieve this, the average length of stay at a delivery position
should be 20 minutes. The latter parameter is further specified in relation to
the arrival rate (as shown in Table 11.1.)

Single operations (one container) are assumed for the arrivals. For trucks that
require more operations (unload and load for example, or two 20-foot containers),
the length of stay for an arrival may increase by 50% (independent of the number
of operations).

A3.

The relations between the arrival and departure of a container were also
defined. Import containers from the sea should be available for delivery to
the road two hours after unloading. Delivery to rail should be possible three
hours after unloading. Export containers can be delivered to the terminal un-
til the ship is moored. In cooperation with carriers, an attempt will be made
to have trains and barges unloaded 3 hours before ship arrival.
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The project program specifies several requirements for the container flows:

MI.

M2.

M3.

M4.

Even under non-optimal conditions, the transfer and stacking system should
be able to handle an average of 260 containers each net operating hour
(NOH) with eight operational quay cranes.

The stevedore adds the requirement that an average of 40 containers should be
handled by each of six quay cranes per NOH. This should result in 240 con-
tainers each NOH.

The latter requirement is further refined by the demand that over two con-
secutive hours one or two quay cranes should be able to handle a peak load
of 60 containers per hour. The maximum number of containers to be handled
by all six quay cranes each NOH remains 240 in this situation.

At the land side of the terminal, the system should be able to receive and
deliver 140 containers per hour (at least during two consecutive hours). Of
these containers, 110 containers belong to road transport and 30 to rail
transport (which is equivalent to six MTS arrivals). The system should be
able to handle 90 containers per hour at the land side.

Besides the requirements for operational circumstances, requirements for main-
tainability and the intention to use proven technology, the following operational
requirements were formulated for the resources:

El.

E2.
E3.

E4.

ES.

Eight quay cranes will be provided, three of which should be exchangeable
with the neighbouring terminal.

The MSS system will use AGVs, ASCs and straddle carriers.

The MSS system (excluding quay cranes) should have an operational reli-
ability of 99% (with 8760 hours in a year, this means that the system can
only be out of action for 90 hours). The duration of failures should be less
than 0.5 hours on average and cannot exceed 1 hour.

Each quay crane should have a reliability of 99%. The duration of failures
should be less than 0.5 hours on average and cannot exceed 1 hour.

Strategic parts of the system (hard- and software, data communications)
should have a reliability of 99.9%.

11.4 Application of the PROPER Model

11.4.1 The Terminal Level

From an organisational point of view, the operation of each terminal is divided into
periods of four hours. These “shifts” have a fixed number of operational manned
equipment (quay cranes and straddle carriers) and of personnel for process control.
Between each shift the current operation status and the responsibility for it is
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Table 11.2 The intended results mentioned in the project program

Type Result Meas. Unit Location
Quay moves 475,000 Year Sea side
Containers (main line) 100 GOH Sea side
Containers 240/260 NOH Sea side
Containers 90/140 Hour Land side
Port times (main line) 24-32 hours Ship Sea side
Port times (feeder) 12 hours Ship Sea side
Gate-in/gate-out times (truck) 30 minutes Truck Land side
Handling times 20 minutes Truck Land side
Throughput times 2 or 3 hours Container Terminal
Operational hours 22 hours Day Terminal

transferred to the new shift. This organisational condition is not mentioned in the
project program, but it plays an important role in process control.
In ‘t Veld (2002) defines three conditions for achieving effective process control:

e There should be a clear objective
e The objective should be feasible
e It should be possible to intervene with the system’s behaviour.

No objectives for shifts in terms of intended results and expected efforts are
found in the project program; only the intended results per hour, day and year are
formulated. By applying the conditions of in ‘t Veld to the project program along
with the restriction of shift-oriented operation, the project program should be in-
terpreted in such a way that at least the intended results and expected efforts for
a shift are clear and feasible. Defining interventions is the next step in process
design and will not be discussed further in this application. In order be able to
intervene effectively, however, the progress of an operation should be clear with
respect to the objective, and this factor will be considered here.

Different intended results are defined in the project program. The most signifi-
cant intended results are summarised in Table 11.2.

In the intended results, the terms “moves” and “containers” are used. At the
level of the terminal as a whole, these terms have different meanings: at least two
moves are required for each container because it will be stored into the stack by
definition. Therefore, at least one move is required to unload and store it and an-
other to retrieve and load it. At the level of the container flow, the terms “move”
and “container” are interchangeable: each function within the transfer process
handles one container with one move.

The PROPER model (Fig. 5.5) is taken as a starting point for positioning these
results. Figure 11.4 shows the result of replacing the general terms of Fig. 5.5 with
terms that are specific to this system.
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Fig. 11.4 The PROPER model for the terminal

Terminal control reports the performance to the environment, in this case the
contractual partner and terminal management. These reports mainly concern the
assumptions made and the guaranteed production. These are positioned between
the top arrows in Fig. 11.4 because reported results should be formulated in the
same terms as the required results.

Upon moving inside the system, these results should be translated into the re-
quired results for each flow separately. Results at this level are flow-bound and
five flows can be distinguished in the model:

1. Ships, trucks and MTSs are considered the order flow. The order process is
concerned with the required “customer service”. For the modalities ship and
truck, the intended results are defined in two ways:

— Via the port and service times. For MTSs these are currently undefined.
— Via arrivals (and thus departures) per week.

One condition is added: in order to realise the required port times, 100 contain-
ers per gross operational hour (GOH) will need to be handled. This condition is
considered to be the first progress indicator of a ship’s operation here.
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2. Containers represent the product flow. This process is concerned with the exe-
cution of moves, and it is not necessarily directly related to customer service.
Different types of intended results are defined for this flow:

— In terms of moves per hour. Different numbers are formulated: at the sea side
260 moves per hour are required with eight quay cranes and 240 moves per
hour with six quay cranes; at land side 90 moves per hour and 140 moves per
hour are required with an undefined number of straddle carriers. Quay cranes
and straddle carriers operate on both sides of the transfer function; they han-
dle both import and export containers. However, no distinction is made be-
tween the input flow rate and the output flow rate (over an hour). It is not yet
clear whether this distinction is important.

— In terms of quay moves per year. No land-side figure is defined explicitly,
but it can be derived from the assumed modal split. If 55% of the import
quay moves represent 57.5% of the export quay moves and the total number
of quay moves is 475,000 per year, then there must be around 243,000 im-
port moves and 232,000 export moves per year. Using the percentages of the
modal split, the terminal should be able to handle around 209,000 land-side
moves per year (truck and rail), divided between 109,000 import moves and
100,000 export moves.

Beyond this, the project program formulates the ambition to minimise the num-
ber of container movements. This defines the intended result that each container
will be moved only once by each function in the transfer process.

3. The resource flow contains the quay cranes, AGVs, ASCs, straddle carriers and
“space” (stack positions, quay length, etc.). The resource process is concerned
with technological items, such as reliability, maintenance, safety and opera-
tional speed of container moves. In this example, flow rate will not be defined,
although the project program mentions their lifespans in terms of operational
hours. Operational functions have already been defined for each of them (see
Fig. 11.3).

4. The task flow between the service function (order flow) and the transfer func-
tion (container flow). A task is defined here as one order to store or retrieve one
single container. One complete container transit therefore consists of two con-
secutive tasks, decoupled by the ASC stack. A task’s lead time is a measure of
the response time of the system to container orders, which results in a required
service time or port time; by adding priority levels to tasks the service function
is able to intervene with the progress of sea-side and land-side operations.

The project program defines the moments when tasks should be ready for re-
lease; e.g. a truck with a container that needs to be loaded into a ship should be
present before the mooring time of the ship. The intended results for this flow are
expressed in terms of the number of tasks per shift and the task lead times per shift.
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This example clearly illustrates the difference between order flow and (internal)
task flow. One ship (a customer order) results in a large number of separate tasks.
This introduces a number of choices to be made. One could decide to release all
tasks immediately, but this neglects the formulation of a shift operation objective.
One could also decide to release tasks one-by-one, but this could introduce delays
into the operation and exclude the ability to optimise task scheduling.

5. The assignment flow between the use function and the transfer function. The
intended results of assignment are not defined in the project program. They
should be expressed in equipment moves per shift, availability and occupation
per shift, because manned equipment will be assigned per shift. These results
form the basis for calculating the expected efforts at the terminal level.

The task and assignment flows contribute to insight into the factors that influ-
ence an operation’s performance. A bad performance can be the result of a late
task release, long task lead times or a shortage in assigned equipment.

The use of shift-based operation forces the intended results of the project pro-
gram, as formulated in different time units, to be translated into intended results
per shift. Some intended results are even missing. In order to define all of these
results, a step that involves zooming into the model of Fig. 11.4 will be performed,
resulting in separate models for each of the horizontal flows.

11.4.2 The Order Flow

Two geographically divided flows are distinguished at the terminal (Fig. 11.5):

e A sea-side flow consisting of ships and feeders
e A land-side flow consisting of trucks and multi-trailer systems (MTS).

Multi-trailer systems (MTS) can transport up to five 40-foot containers. They
transport containers to and from trains, barges and other terminals in the area. The
MTS transports are not the direct responsibility of the ACT terminal and are there-
fore considered a “customer” modality.

Tasks should be divided into tasks for the sea side and land side, and into tasks
to store and retrieve a container. By measuring the performed tasks per GOH, the
control service function is able to judge the progress of the service. The value is
transformed into performed tasks per shift by simply adding the values of the four
shift hours (a shift is in fact a period of four GOHs). The measured task lead times
per shift and the number of tasks released per shift enable the control service func-
tion to derive the standard results per shift for different arrival compositions and
ship operation phases. The period between the unload task and the load task of
a specific container represents the dwell time.
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Fig. 11.5 The order flow at the ACT terminal

11.4.3 The Product Flow

In the container flow, two geographically separated flows can again be distin-
guished. The flows exhibit overlap in the ASC stack (Fig. 11.6).

The equipment used for each function is shown in the bottom-right corner of
the function. On the land side, the straddle carriers perform the functions
“unload”, “transport” and “load”.

The control transfer function combines the released tasks with the assigned re-
sources to perform the transfer function. The goal is to achieve the required tasks
per shift with the resources assigned to the operation. The tasks will be split into
separate tasks for each function. Consecutive functions within the flow should be
executed in an optimal way.

Handled tasks are returned to the service function and assigned resources are
released at the end of a shift.

The intended results as formulated in the project program are expressed in
terms of “net operational hours”. No explanation of how this unit is measured is
provided. By just measuring the moves per hour (which is in fact a gross opera-
tional hour), the relation to the number of moves per year is made clear and it can
be used by terminal control as a progress indicator during the year.

The ASCs are the only resources involved in both the sea-side operation and
the land-side operation. This means that the effective operational capacities of the
sea-side system and the land-side system fluctuate during a shift. Whereas the
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Fig. 11.6 The container flow at the ACT terminal

other resources can be assigned to the sea side or the land side exclusively, the
ASC resources need to be assigned to the sum of sea-side and land-side tasks.
Since land-side tasks are often unpredictable (and so are the containers to be re-
quested are too), this is an extra reason to formulate intended results in terms of
shift units rather than hour units.

Besides this, each ASC is restricted to its own part of the stacking area. This is
no problem for the unload flows to the left of the ASC stack in Fig. 11.6: the con-
trol function is free to choose an ASC area at will. However, it is an extra compli-
cation for the load flows to the right of the ASC stack. In trying to optimise move
times, the control function is bound to the ASC area, where the container is stored.
This may lead to task congestion for a specific ASC, influencing task lead times. It
is therefore concluded that a distinction should be made between input moves and
output moves.

Each of the functions in Fig. 11.6 should have the same intended result defined
in order to prevent the creation of a bottleneck. In particular, the sea-side operation
consists of three closely coupled functions with different resources. If the intended
results have been defined, then the expected costs for each of the resources should
be derived. This will be investigated further in Sect. 10.5 using simulation.
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11.4.4 The Resource Flow

The use function aims to provide the required resources for the operation function.
Manned resources (quay crane and straddle carrier) and personnel are assigned on
a shift basis. There is no reason to use another time basis for the automatic re-
sources. The results of assignment will therefore be expressed in terms of results
per shift. The project program only defines results for assigned resources in terms
of reliability. It is assumed here that 100% availability for assignment is required.
Two things are required to achieve this:

e The amount of operational resources available should be sufficient. The main-
tenance program and failure rates should allow this.

e The amount of required equipment should enable the considered operational
results to be achieved. The technical specifications should allow the operational
requirements as mentioned in the preceding section.

Assigned resources make up the labour and capital costs of the operation and
form the basis for calculating the expected efforts. They will therefore be meas-
ured and reported to the terminal control function.

The use function obtained after restricting it to equipment and skipping person-
nel is represented in Fig. 11.7.

During its lifetime, the equipment will “loop” between the status “usable” and
the status “in maintenance”. Inside the use function, these loops should be con-
trolled in order to guarantee the required availability, which is an intended result
that is used externally.
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Fig. 11.7 The use function of the ACT terminal
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11.5 Behaviour Descriptions for Productivity Definitions
11.5.1 Goals of the Behaviour Descriptions

The availability requirements (and thus the expected efforts) were not made ex-
plicit in the original project program. Only the intended results for quay cranes
were defined, but with different time units than required for the control functions.
Task lead times, transport, store and retrieve times still have to be defined, as
shown in the previous paragraphs. These data are required to answer questions
about availability and to define technical requirements for the equipment. Using
these data it will be possible to judge the feasibility of the defined intended results.
When the project program was created these data were unknown, because the
ASCs and AGVs still had to be developed from scratch. Simulation can however
be used to derive these data at the level of the functions of Fig. 11.6. Assuming
that the quay cranes are able to achieve the required performance, then the re-
quirements should be translated into requirements for the AGVs and ASCs.

For illustration purposes, the next study is restricted to the import functions and
within these the operational processes of containers, and the land-side operation is
taken into account up to the point at which a container is retrieved from the stack.
The resources used for each function are added, thus revealing their repetitive
processes. The resulting process is shown in Fig. 11.8.

The triangles in Fig. 11.8 represent waiting times. The shaded triangles repre-
sent “idle times” for the resources: they are waiting for a task to be assigned. The
white triangles are waiting times caused by imperfect synchronisation.

It is assumed that the assignment of resources to the operation has been taken
care of and that all quay cranes, AGVs and ASCs are available. In the following
description, it is assumed that tasks are known and are available in time.

During each “container move”, two functions are performed for each piece of
equipment: a “move” to the position to get a container and then the performance of
the actual function: “unload” (QC), “transport” (AGV), “store” and “retrieve”
(ASC), which is finished by releasing the container. We call the performance of
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Move

Fig. 11.8 The import process of the ACT terminal
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these two functions together a “cycle” from now on. AGVs do not have a facility to
lift or put down a container, and so their operation is strongly linked to the quay
cranes and ASCs. The consequence is that a third factor should be accounted for in
the definition of a cycle: the transfer of a container between the AGV and the other
equipment. The technical cycle time of equipment can be defined with these factors.

At the land side the situation is different, because there are buffer positions
where the ASCs and straddle carriers can pick up or put down containers inde-
pendently.

In order to formulate the equipment requirements for a feasible result for the
system, the following global process description for an unloading process is con-
structed (Table 11.3). Lines that start “Qn” refer to questions that are defined after
the table.

In this case every type of equipment (except a straddle carrier) has a behaviour
description, a process. The model assumes undisturbed operation: there is always
a sea-side job for a quay crane. The intended results that are used are therefore the
results per net operational hour of the project program. At the land side it is as-
sumed that 90 containers per hour are handled (jobs arrive at a constant rate).

Table 11.3 Process descriptions for the MSS system

Process for a Quay Crane Process for an AGV
Repeat Repeat
Ql  Work “sample of QC’s cycle time” Q4  Select QC
Wait while no AGVs waiting Q5  Cycleis “sample of AGV’s cycle time”
Q2  Select AGV Drive 0.5 x Cycle"
Q3 Load AGV in x seconds Q6  Wait for QC
Resume AGV’s process Q7  Select ASC

Drive 0.5 x Cycle"
Q8  Wait for ASC

Process of an ASC Process of Landside
Repeat Repeat
Wait while no AGVs waiting Wait(3600/90)
and no jobs on land side QI3 Select ASC
Q9  Cycle = sample of ASC cycle time Create land-side job for ASC

Q10 If AGVs waiting
Q11 Select AGV
Move to AGV in 0.5 x Cycle"
Q12 Unload AGV in y seconds
Resume AGV’s process
Store container
in 0.5 x Cycle’
Else
Select land-side job
Work D seconds

* The time taken to move to the position where the AGV or ASC can get the container is as-
sumed to be half the cycle. This does not affect the results.



11.5 Behaviour Descriptions for Productivity Definitions 213

Straddle carriers are not modelled because the transfer between the straddle
carrier and the ASC is decoupled using a buffer. Only the workload resulting from
the straddle carriers is modelled. The cycle times mentioned in Table 11.3 exclude
the transfer time at the transfer position.

The goal of the model is to gain insight into feasible productivity, not to opti-
mise the operation. Control algorithms are not modelled. Bearing this in mind, the
process descriptions introduce 13 questions to the project team:

Q1. What is the cycle time of a quay crane’s unload move?

Q2. How does a quay crane select an AGV from the AGVs waiting to be loaded?

Q3. How long does it take for a quay crane to load an AGV (x seconds)?

Q4. When and how is the AGV that the quay crane drives to selected?

Q5. What is the cycle time of an AGV, where a cycle is the total time taken to
drive to a quay crane and return to an ASC?

Q6. Is there an upper limit on the number of AGVs waiting for a quay crane?

Q7. How does an AGV select an ASC to deliver the container to?

Q8. Is there an upper limit on the number of AGVs waiting for an ASC?

Q9. What is the cycle time of an ASC?

Q10. Is there an order of priority between sea-side and land-side jobs that need to
be handled by the same ASC?

Q11. How does an ASC select an AGV if there is more than one AGV waiting?

Q12. How long does it take for an ASC to unload an AGV (y seconds)?

Q13. How are ASCs selected for land-side jobs?

The amount of equipment together with their cycle times (Q1, Q3, QS5, Q9,
Q12) mainly determine the results at the sea side of the system. The most likely or
the “best-case scenario” can be chosen for the others (for the time being).

The (assumed) answers to the other questions are now:

Q6,Q8:  There are no upper limits on the number of AGVs waiting for a QC or
ASC.

Q2,QI11: Both quay cranes and ASCs select AGVs in first-in-first-out order.
This selection does not influence the results at this level of detail; nei-
ther AGVs nor containers have an identity here.

Ql0: The process description shows that sea-side jobs are selected before
land-side jobs, because an ASC first checks if AGVs are available.
This will maximize the sea-side performance.

Q7,Q13: Both AGVs and land side select an ASC according a uniform distri-
bution.

A second alternative could be investigated where AGVs and land
side select an ASC according the work load already assigned to an ASC.
This selection is assumed to be performed at the moment of arrival.

One should bear in mind that workload-based selection is only pos-
sible for import containers. Export containers are already in the stack
and thus the ASC to handle them are determined beforehand.
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Q4: This question is highly influential, because quay cranes are highly
unpredictable. If an AGV selects a quay crane early on in its cycle
then this can be a bad choice if the quay crane randomly exhibits large
cycles after this choice.

For the “best-case scenario”, AGVs do not select a quay crane at
all. They are assumed to arrive in a large pool of waiting AGVs, where
each quay crane can select an AGV instantaneously. In this alterna-
tive, the consequences of early (and potentially non-optimal) selection
are excluded. A second alternative will be the situation where an AGV
selects the destination quay crane at the moment of arrival in the quay
crane area. Finally, in the third alternative an AGV selects a quay
crane at the moment of departure from the ASC.

Reality will lie somewhere between the second and third alterna-
tive. The first alternative will only be used to find a starting point for
other experiments.

The following assumptions will be made:

e A quay crane will load an AGV in 15 seconds.

e QC cycle times for unloading will be 95 seconds in cases with eight quay
cranes and 75 seconds in cases with six quay cranes. Including the loading time
of AGVs, this means a (maximum) average production of 260 containers per
hour for eight quay cranes, and a production of 240 containers per hour for six
quay cranes. The 260 and 240 containers per hour agree with the requirements
mentioned in the project program.

e An ASC will unload an AGV in 15 seconds.

e The cycle times of the AGVs and ASCs are assumed to be uniformly distrib-
uted. The cycle times will be the result of the (still unknown) routing algorithm
to be used as well as traffic delays.

e The cycle times of the quay cranes are assumed to have a negative exponential
distribution.

A simulation model has been written based on the description given in Ta-
ble 11.3, in which the number of quay cranes, AGVs and ASCs and the cycle
times can be varied.

10.5.2 Experiments

In the model, 48 AGVs and 25 ASCs will be assumed to be available. These num-
bers were used during the early stages of process design. All of the experiments
below can be repeated with other numbers for cases with different availability
figures. As long as these numbers are accepted, they become a standard result for
the use function of Fig. 11.8.
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Fig. 11.9 Sea-side production as a function of AGV cycle time

Each experiment covers a period of 100 consecutive net operational hours, after
an initial hour to start operations.

The first experiments are meant to provide an indication of the cycle times re-
quired to achieve a sea-side productivity of 260 cnt/NOH with eight quay cranes
and 240 cnr/NOH with six quay cranes. First the required cycle time of the AGVs
is determined by setting the cycle time of the ASCs to zero. The cycle times of the
AGVs tested (including transfer times) are 300, 360, 420, 480, 540, 600 and 660
seconds. The results are shown in Fig. 11.9.

Figure 11.9 shows that a maximum technical cycle time of 480 seconds is al-
lowed for both eight-quay-crane and six-quay-crane operations. A longer cycle
time will cause the AGV system to become a bottleneck in the system, decreasing
the resulting productivity.

In the next experiments the ASC cycle time (including the transfer time) is
gradually increased. The cycle times tested are 60, 120, 180 and 240 seconds. This
will also influence the result for the AGV system, because AGVs may now be
waiting for an ASC. For this reason, the experiments are performed with AGV
cycle times of 360, 420 and 480 seconds. The results are shown in Fig. 11.10.

From Fig. 11.10, it can be concluded that the required production is still feasi-
ble if the average ASC cycle time is around 120 seconds and the AGV cycle time
is less than 420 seconds. An ASC cycle time of 180 seconds combined with this
AGYV cycle time may be acceptable if process control is able to make use of ran-
dom advantageous circumstances (for example by a partial overlap of the ASC
move function and the AGV transport function; in this case the operational cycle
time of the ASCs actually decreases).

Upon reviewing the control alternatives derived from Table 10.2, six experi-
ments were defined, as shown in Table 11.4.

Experiment Al has already been executed; it will serve as a reference experi-
ment, and the other experiments will be executed with the following average cycle
times: 180 seconds for an ASC and 360 seconds for an AGV. The results are
shown in Fig. 11.11.
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Fig. 11.10  Sea-side pro- Seaside production (cnr/hr) vs. ASC/AGV-cycle
duction as a function of
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With an ASC selection based on the workload, the graphs show that sea-side
productivity is less sensitive to the moment of QC selection. This workload-based
ASC selection is however only possible for an unloading operation. During
a loading operation the loading sequence determines both the ASC and the QC to
be selected. Task scheduling can only influence the selection effectiveness by
selecting an appropriate quay crane. However, quay crane selection must then be
performed even earlier than in the cases A3 and B3: at the start or during the
move function of an AGV. To get an impression of the effects of this, a final
experiment was performed where experiment A3 was adapted for loading opera-
tions in such a way that the AGVs select a quay crane at the moment of departure
from a quay crane. The experiments show that the production decreases to 235 and

Table 11.4 Experimental scheme

Experiment A: Uniform distributed selection of ASCs

Al. No selection of QC by AGV
A2. Selection of QC by AGV upon arrival at the quay
A3. Selection of QC by AGV upon departure from the ASC

Experiment B: Selection of ASCs based on work load

B1. No selection of QC by AGV
B2. Selection of QC by AGV upon arrival
B3. Selection of QC by AGV upon departure from the ASC
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Fig. 11.11 The effects of
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227 enr/NOH for operations with eight and six quay cranes, respectively. Further
decreases should also be expected as a result of sequencing problems.

11.5.3 Results

The conclusions from the preceding experiments are (given the intended results
for net operational hours in the project program):

e The AGV system should be capable of delivering an average “technical” AGV
cycle time of around 360 seconds, including transfer times at the QCs and the
ASCs.

e The ASC system should be capable of delivering an average ASC cycle time of
around 180 seconds, including transfer times at the transfer positions.
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e The required productions are assumed to be productions of unloading operations.

e The cycle times of the quay cranes are assumed to be technical cycle times,
including transfer times.

e An ASC selection strategy based on workload has a positive effect on produc-
tion and should be used to make the requirements feasible.

11.5.4 Using the Behaviour Model During the Project

The process descriptions of Table 11.3 form an appropriate basis for discussing
these requirements at an interdisciplinary level. The requirements can be translated
directly into a computer simulation model. Using this approach, the intended re-
sults can be quantified up to function level, and they should be used by the project
groups as objectives for detailed design. For example, the AGV cycle times are
objectives for the project groups that develop the AGVs and traffic control. If
a (technological) driving speed of AGVs is decided on during some design phase,
then this automatically leads to a maximum allowed distance per AGV cycle,
which then becomes an objective for process control. The same conclusion holds
for the ASC cycle times. If at some moment during process design these require-
ments do not appear to be feasible, then the consequences for other groups should
be evaluated using this model.

In reality, at some point the technical specification of the AGVs defined
a maximum straight-line driving speed of 3 m/s and 2 m/s around curves. At that
moment no traffic routing mechanism had been decided upon and the layout of the
quay area suggested that there was no reason to suspect that the cycle time of 360 s
would not be feasible. In a later phase, however, the routing algorithm was defined
and this showed long driving distances, usually with six 90° curves in each cycle.
In reality, the measured maximum sea-side production of terminal operations was
around 210 containers/GOH for unloading operations.

If the technical data on routing distances and AGV speeds had been applied to
the global behaviour model, this production could have been predicted. A raw
calculation shows that the technical cycle time would be around 420 seconds and
traffic delays had not yet been included. With this knowledge, experiment B3
could have been re-executed with an average AGV cycle time of 480 seconds. The
results would have shown a sea-side production of 228 cnr/NOH with six quay
cranes. If the condition of 22 NOH per calendar day (24 hours) is applied, the
measured value of 210 cnt/GOH matches the simulation results.

During the project several detailed models were developed, for example an
AGYV traffic control model, an ASC system model and a straddle carrier model.
These were all standalone models, with assumed inputs at their system borders. It
is now possible to connect each of these models to the global model described
above using the send and receive mechanism described in Chap. 6. By applying
the object-oriented approach in connection with the process interaction approach,
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an object class (for example the AGV or ASC system) can be extracted from the
global model and implemented to any level of detail. Each of these models makes
use of the input flows as they are generated by the global model. In this way, the
results from detailed designs can be compared with the high-level requirements.

Finally, the same approach can be used to test the real system with respect to
control algorithms (task scheduling, traffic control) and equipment.

11.6 Conclusions

In this chapter, the interdisciplinary use of the PROPER model and behaviour
descriptions in a complex design project has been illustrated. They were applied to
the results from the function design phase (as they are formulated in the project
program).

It has been shown that the PROPER model structures the theoretical productiv-
ity values presented in the project program. It thereby relates the values for ser-
vice, operation and technology to each other and to the overall terminal values. It
enables the intended results to be defined for all project groups, starting with proc-
ess design. By using the PROPER model, values that are insufficient are detected
and the suitability of other values can be reviewed; for example, not all of the
intended results for shifts were defined and no availability requirements were
formulated.

It was also shown that time-dependent behaviour can be studied at a global
level of detail, as an aid to quantifying defined objectives and deriving objectives
for service, transfer and resource use. The global descriptions can be detailed
further according to the function structure of the PROPER model. By doing this,
the original requirements and product and order flow characteristics are preserved,
and adjustments can be made as soon as original objectives become infeasible.

In reality, this systematic analysis and behavioural approach was not applied;
driving speeds were selected on a technological basis only, and simulations and
process control solely tried to maximise production. The AGV traffic control had
to be developed from scratch. Initial ideas included “free-ranging” AGVs (with
short driving distances), and it took some time before a strict (and apparently non-
optimal) routing control for AGVs was decided on. This routing control resulted in
driving distances that—considering the maximum driving speed—could not fulfil
the requirements.

Therefore, real production remained below the requirements formulated in the

project program, mainly because the expectations were not realistic.
Although it cannot be proven that applying the approach described in this chapter
would have improved the real results, we have shown here that it would have
clarified expectations at an early stage, and so proper measurements could have
been taken to improve matters.
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