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ABSTRACT

Purpose

The decision-making process plays a key role in organizations. Every
decision-making process produces a final choice that may or may not prompt
action. Recurrently, decision makers find themselves in the dichotomous
question of following a traditional sequence decision-making process where
the output of a decision is used as the input of the next stage of the decision,
or following a joint decision-making approach where several decisions are
taken simultaneously. The implication of the decision-making process will
impact different players of the organization. The choice of the decision-
making approach becomes difficult to find, even with the current literature and
practitioners’ knowledge.

The pursuit of better ways for making decisions has been a common goal
for academics and practitioners. Management scientists use different
techniques and approaches to improve different types of decisions. The
purpose of this decision is to use the available resources as well as possible
(data and techniques) to achieve the objectives of the organization.

The developing and applying of models and concepts may be helpful to
solve managerial problems faced every day in different companies.

As a result of this research different decision models are presented to
contribute to the body of knowledge of management science. The first models
are focused on the manufacturing industry and the second part of the models
on the health care industry. Despite these models being case specific, they
serve the purpose of exemplifying that different approaches to the problems
and could provide interesting results.

Unfortunately, there is no universal recipe that could be applied to all the
problems. Furthermore, the same model could deliver good results with certain
data and bad results for other data. A framework to analyse the data before
selecting the model to be used is presented and tested in the models developed
to exemplify the ideas.

Methodology

As the first step of the research a systematic literature review on the joint
decision is presented, as are the different opinions and suggestions of different
scholars.




Analysing the complexity of the model-based decision making processes within the industrial
management context

For the next stage of the thesis, the decision-making process of more than
50 companies was analysed in companies from different sectors in the
production planning area at the Job Shop level. The data was obtained using
surveys and face-to-face interviews.

The following part of the research into the decision-making process was
held in two application fields that are highly relevant for our society;
manufacturing and health care.

The first step was to study the interactions and develop a mathematical
model for the replenishment of the car assembly where the problem of
“Vehicle routing problem and Inventory” were combined. The next step was
to add the scheduling or car production (car sequencing) decision and use some
metaheuristics such as ant colony and genetic algorithms to measure if the
behaviour is kept up with different case size problems.

A similar approach is presented in a production of semiconductors and
aviation parts, where a hoist has to change from one station to another to deal
with the work, and a jobs schedule has to be done. However, for this problem
simulation was used for experimentation.

In parallel, the scheduling of operating rooms was studied. Surgeries were
allocated to surgeons and the scheduling of operating rooms was analysed. The
first part of the research was done in a Teaching hospital, and for the second
part the interaction of uncertainty was added.

Once the previous problem had been analysed a general framework to
characterize the instance was built. In the final chapter a general conclusion is
presented.

Findings and practical implications

The first part of the contributions is an update of the decision-making literature
review. Also an analysis of the possible savings resulting from a change in the
decision process is made. Then, the results of the survey, which present a lack
of consistency between what the managers believe and the reality of the
integration of their decisions.

In the next stage of the thesis, a contribution to the body of knowledge of
the operation research, with the joint solution of the replenishment, sequencing
and inventory problem in the assembly line is made, together with a parallel
work with the operating rooms scheduling where different solutions
approaches are presented.

In addition to the contribution of the solving methods, with the use of
different techniques, the main contribution is the framework that is proposed
to pre-evaluate the problem before thinking of the techniques to solve it.
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However, there is no straightforward answer as to whether it is better to have
joint or sequential solutions. Following the proposed framework with the
evaluation of factors such as the flexibility of the answer, the number of actors,
and the tightness of the data, give us important hints as to the most suitable
direction to take to tackle the problem.

Research limitations and avenues for future research

In the first part of the work it was really complicated to calculate the possible
savings of different projects, since in many papers these quantities are not
reported or the impact is based on non-quantifiable benefits. The other issue is
the confidentiality of many projects where the data cannot be presented. For
the car assembly line problem more computational power would allow us to
solve bigger instances. For the operation research problem there was a lack of
historical data to perform a parallel analysis in the teaching hospital.

In order to keep testing the decision framework it is necessary to keep
applying more case studies in order to generalize the results and make them
more evident and less ambiguous. The health care field offers great
opportunities since despite the recent awareness of the need to improve the
decision-making process there are many opportunities to improve. Another big
difference with the automotive industry is that the last improvements are not
spread among all the actors. Therefore, in the future this research will focus
more on the collaboration between academia and the health care sector.

Keywords

Joint decision; scheduling; vehicle routing, decision-making, operating room
scheduling.
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PREFACE

This document contains the results of four years of research in the Industrial
Management Area. This work was developed at the Universidad Politecnica
de Madrid (Home University) and Politecnico di Milano (Host University),
with the addition of a short research stage in Argentina (INTEC).

The main supervisors of this thesis are:

e Home university supervisor: Alvaro Garcia Sanchez.

e Host university supervisor: Alessandro Brun.

Structure of this document

The following diagram (Fig. 0.1) shows the structure of this document. While
the first section presents the problem, the solving approach, and the solving
methods the second section presents the different application fields involved
with industrial applications. The third section presents the health care
application, and the forth section is the conclusion and appendix to the thesis.

This thesis could be read from beginning to end. However, should the
reader wish to go to a specific section they can jump to the specific section or
skip any section.

Figure 0.1: Structure of the document.
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Outputs from this research

The latest improvements in computational power, solving techniques and
algorithms could help to solve new types of problems. These extra capabilities
could help us to face problems with different approaches with the purpose of
obtaining a better solution.

These approaches were implemented in different application fields, such as
assembly lines, and operating rooms. The different parts of this job were
presented at various conferences and workshops. Some parts of this conference
paper have evolved into a journal paper.
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SECTION 1. GENERAL INTRODUCTION

The first section of this thesis has three chapters. In the first chapter a general
introduction of the thesis is presented. The second chapter is dedicated to the
problem of awareness and in the third chapter a literature review of the
decision theory is presented.

Chapter 1: Introduction

In this chapter a general introduction to the thesis is provided, followed by the
motivation of the problem and which approach is used together with more
detailed settings of the problems, and why these problems had been chosen.

MOTIVATION

Decision making plays a key role in the success or failure of a company, where
virtually every job involves a certain type of decision-making. The ability to
follow a proper decision-making process does not guarantee the success of the
company, but it will increase the chance of succeeding. Numerous knowledge
fields have research into this subject because of the direct impact on the
organization’s performance that the best decision-making process can have.

The possible benefits of good decision-making are a better use of resources,
an increase in efficiency, business growth, and achievement of objectives,
among others.

The decision-making process has been divided into different stages by
different authors. Mintzberg et al. (1976) divided it into three phases:
identification, development and selection. The identification phase is divided
into recognition and diagnosis, the development phase into design and research
and finally the selection phase into screen, evaluation-choice and
authorization.
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Figure 1.1: The relationship between the phases and routines of a decision-process (Mintzberg et al. 1976).

Academia has made great efforts for the second and third phase (Mintzberg
et al. 1976). A quick literature review of the papers that appear in this field
shows that the most common output of a paper is to highlight that one
algorithm or solution method is x% faster that a previous algorithm, or that
any technique could help to have a tighter boundary that helps to offer a better
solution in less time than other methods.

It is necessary to keep researching into the development and selection
stages, since the computational power now available offers us new possibilities
of addressing problems that some years ago were impossible to solve. But the
first stage of the decision should not be forgotten since interesting
improvements could be achieved. The first stage to this achievement is to
understand all the characteristics of a decision-making process, and the
possible outputs of any changes in the approach.

Because several scholarly disciplines share an interest in the decision-
making process these characteristics change depending on the fields. Some
fields such as operation research and management science are concerned about
how to improve the decision-making process. Others such as psychology are
interested in the thinking behind the decision. Despite the models used, a
common characteristic is the conception of decision-making as an
information-processing activity taken by one or more actors. (Vroom, 1973).

Many operations management researchers assume that “integration is a
must” and that cross-functional coordination and integration are necessary
(Ketokivi, 2006). In later research Turkulainen et al. (2012) argued that the
benefits are context-dependent and sometimes disaggregation is beneficial.

Following the idea of integration, joint decision-making is the one in which
all the actors involved can participate in the decision-making process (Scharpf,
1998). However, joint decision-making process benefits could be attractive for
some circumstances or unappealing in other situations. In this work, the
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benefits of the decision-making process are explored, when it is advisable to
use it, and examines when it is better to use another decision-making process.

The process of joint decision-making results in a paradox since the different
actors may not achieve the optimal of their operation in order to achieve the
optimal as a whole. A typical example of this situation is lean implementation.
A reduction of the inventory reduces the inventory cost but increases the
transportation cost. The global optimal is not the sum of the optimal of
transportation plus the optimal of the inventory, but something in between. As
more actors are taken into account, the difficulty or complexity of the problem
increases.

Complexity

Complexity plays a crucial role in the decision-making process, but there is no
generally accepted definition of complexity since different authors have
proposed a definition that only captures a limited part of the phenomena. For
dynamical systems theory, the complexity measures are usually computational
complexities, which is a measure of the interactions. For example:
“Kolmogorov complexity” (Kolmogorov, 1965) for information theory
defines “the complexity of a string of characters as the length of the shortest
program that can generate that string. This theory implies that random strings
are maximally complex.” (Adami, 2002).

Heylighen (2008) highlights that a fundamental part of a complex system
is the connected parts via interactions. The components are both distinct and
connected, autonomous and to some degree mutually dependent. The
interdependence could create a conflict of goals since the improvement of one
part could lead to the decrement of the other part.

Fig. 1.2 shows a diagram of some parts of the complexity in a decision. The
higher the number of interactions the higher the complexity. The complexity
could grow for different causes, such as taking into consideration a tactical and
operational decision together. Also because the decision or many functional
areas are addressed together, or a long term decision and a combination of the
previous factors. As more blocks are taken into consideration the complexity
of the decision increases up to the extreme of a holistic decision where
everything is taken into account.
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Figure 1.2: Complexity of the decisions. A higher number of “blocks” implies a higher complexity.

APPROACH
In the identification of the problem different approaches could be evaluated.

e The first option is to use the output of the first part of the problem and then
to use it for the second part of the problem, and so on. We will refer to it
as a sequential decision. This is common usually in industry and in every
day decisions. The main advantage is that the complexity of the problems
is lower than the complete problem. Each part of the problems is more
likely to be solved up to optimality.

e The second option is to solve all the problems together. We will refer to
this option as a joint decision. It consists in tackling the problems together,
without any subdivision. Joint decisions have a high complexity.

The problems that could be divided into parts and solved independently,
and where the output of each part does not affect the other parts are outside the
scope of this research. In order to define what the entire problem is, it will be
assumed to be one step higher that the way it is presented in the literature; e.g.
in the case of the inventory and sequencing problem in a manufacturing plant,
the entire problem will consist in solving both problems together. The holistic
decision of the entire operation of the plant is out of the scope of this research
because the available solution tools make it impossible to deal with this kind
of problem.
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INTEGRATED PLANNING IN INDUSTRY.

Industry outsiders may be surprised by how often a functional area overlooks
or ignores the detailed activity planning of the other area, either because of
more pressing problems or because it is less interesting. The level integration
decision should be an output of a decision process and not determined by a
side answer.

Leading companies take a more disciplined approach, recognizing that
improving the level of integration is a critical step towards operational
excellence. As stated before, it is difficult to integrate everything given the
high degree of interdependence that exists. Determining the proper level of
integration with the right level of complexity that could allow us to operate
efficiently is a major step in the decision process, because an excess or
deficiency of integration could have negative effects.

Integrated planning presents important challenges such as coordination
across teams and functions, and a disciplined management of change to the
new work structure.

The decision integration could be vertical, horizontal, or over time. For this
work, the vertical decision integration is when the strategic, tactical and
operational decisions are taken together. The horizontal decision integration is
when the decisions of the different functional departments are taken together.
The decision integration over time is when the short, medium, and long-term
decisions are taken together.

This type of integration is common in industry. An example of the three
different types of integration is presented in the literature. We have presented
each paper as an example of only one type of integration, despite the fact that
in some cases they could also be considered for two types of decision
integration.

Vertical integration decision.

As an example, we could provide the type of decision that has to be made for
a logistic network. The strategic level is that which designs the logistics
network by prescribing facility locations, production technologies, and plant
capacities. The tactical level prescribes the material flow management policy,
including production levels at all plants, the assembly policy, inventory levels,
and lot sizes. The operational level schedules operations to assure the in-time
delivery of the final products to customers (Schmidt and Wilhelm, 2000). In
Table 1.1, we present different papers that combine the vertical integration
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decision. There is no example of tactical and strategic decisions since the
operational decision is an intermediate step.

Table 1.1: Vertical integration decision.

Paper Tactical Operational Strategic
Beaudoin et al. (2008) X X

Bilgen and Ozkarahan (2004) X X X
Brown, and Vassiliou, A. L. X X

(1993).

Ivanov, D. (2010). X X

Lackman et al. (2000) X

Malhotra (1994) X X
Rozinat et al. (2010) X X

Sagie and Koslowsky (1994). X

Schmidt and Wilhelm (2000). X X

Horizontal integration decision.

As an example, this could be provided when two or more functional areas
integrate their decisions. The vertical integration decision could be a success
key for an organization since Frayret et al. (2003) highlight that the forest
product industry has reached the point where profit cannot be reaped without
the indolent coordination of their entire organization. In Table 1.2 we present
different papers that combine horizontal integration decision.

Table 1.2: Horizontal integration decision

Paper Number of | Application
Areas

Caridi and Sianesi (2000) 3 Flow . shop manufagturlng, scheduling
planning and scheduling

Eberts and Nof (1993) 2 Capacity allocation planning

Frayret et al. (2003) 4 Supply chain planning

Gyires and Muthuswamy (1996) 4 Multl-'faC}hty production and
coordination

Kim et al. (2003) 2 Warehouse and inventory management

Miyashita (1998) 5 Integratgd operations planning and
scheduling

Tsukada and Shin (1998) 2 Tool management

Wooldridge et al. (1996) 2 Job shop manufacturing control

16



Raul Pulido.

Decision integration over time.

Taking into consideration the planning horizon and depending on the
availability of the data, a deterministic or stochastic model should be used.
Forecasts are required for proper scheduling activities, such as generation
scheduling, purchasing activities, production, maintenance, investment and so
on.

Table 1.3: Decision integration over time.

Author (year) Short | Medium | Long | Determin | Stochastic
Term Term Term istic

Argoneto et al. (2008) X X X X
Campbell and Viceira M. (2002). X X X
Fleten and Kristoffersen (2008). X X
Gjelsvik et al. (2010) X X X
Hanscom et al. (1980) X X X
Reneses et al. (2006) X X X
Xia et al. (2010) X X X

PROBLEM SETTING

Each problem deals with a different combination of a vertical integration
decision, horizontal integration decision, and integration over time. In Figure
1.3 the type of decision of each chapter is presented. For example Chapter 9
deals with three functional areas (horizontal integration), and with two levels
of vertical integration, and level 1 of integration over time. It is assumed that
the more the decision is integrated, the higher its complexity.
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Complexity of the decisions of each chapter.
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Figure 1.3: Complexity of the decisions of each chapter.

The selected research field will be the manufacturing and health care
industry since both sectors play a key role in modern society. The focus for the
manufacturing industry will be at the Job shop level and for health care at the
scheduling and planning levels. One of the characteristics of the manufacturing
industry, particularly the car industry, is the high speed at which the new
techniques and best practices are spreading, one of the reasons being that in
2013, 72 million out of 86.9 million cars were produced by the top 10 car
manufacturing groups (OICA, 2013).

In comparison, the health care sector is highly segmented, and the majority
of the medical literature is about healing methods and not about the best use
of resources or decision-making.

Manufacturing industry

The assembly line makes companies more efficient by dividing complicated
tasks into simple tasks that are performed continually until the final product is
achieved. It has been a long journey from the first use in the production of the
T-Model by Henry Ford to modern assembly lines that can produce a huge
diversity of complex products.
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Sequencing problems are faced every day throughout the industry. The
order in which the cars are produced is one of the most important decisions for
the assembly line. As the assembly line has evolved to produce many models,
scheduling the production has become a complex problem.

Automotive industry

The automotive industry has to produce hundreds of cars of different models
every day so the production order of the vehicles needs to be decided. The
schedule of this production is difficult since there are a lot of limitations in the
production line. Some of the difficulties to sequence production are the
different production times of each car in each workstation, the need for all the
components to be on the production line before assembly and the shortage of
extra workers.

One of the approaches presented to deal with this problem is the one
described by Butaru et al. (2005) and (Solnon et al., 2008). The cars to be made
are not identical because the options are different for each car. The
workstations that install these options are designed to handle a maximum
production percentage of each option. Therefore, the production manager
needs to arrange the sequence to respect these percentages.

Each workstation has moved from installing one component to installing a
variety of components, and it is also necessary to have an inventory of the
different types of components in a compact space. The inbound logistic for
feeding the workstation inside the factory is a critical issue in the car
manufacturing industry. Replenishment is a critical issue since a lack of
inventory could cause line stoppage or reworking. On the other hand, an excess
of inventory increases the holding cost or even blocks the replenishment paths.
The decision regarding the replenishment routes cannot be made without
taking into consideration the inventory needed by each station during the
production time, which will depend on the production sequence.

When we refer to replenishment we are refering to the Vehicle Routing
Problem (VRP) + Inventory problem. The objective of VRP is to set the
optimal routes for a fleet of vehicles to deliver to a given set of customers. The
objective of the Inventory problem is to define the optimal amount of inventory
that is delivered to each customer.

There are some extensions for the VRP such as Inventory Routing Problem
(IRP) (Campbell et al., 1998), Multi-vehicle Routing Problem (MVRP)
(Gambardella et al., 1999), Production Routing Problem (PRP) (Adulyasak et
al., 2012), Capacited Vehicle Routing Problem (CVRP) (Ralphs et al., 2003)
which have some things in common but differ in others. In order not to restrict

19



Analysing the complexity of the model-based decision making processes within the industrial
management context

the research to an extension of the problem, a general definition of the problem
was used.

The interaction of the concepts “Scheduling”, “Vehicle Routing Problem”
+ “Inventory Problem” on Assembly lines was studied. The first step was to
get expertise in each concept separately, then research into the integration and
add more complexity to the problem (see Figure 1.4).

Assembly lines are flow-oriented production systems, which are still typical
for the production of high quantity standardized commodities and they are
even gaining importance in the low volume production of customized products
(Becker and Scholl, 2006). One of the most complex products that is built on
the assembly lines are cars and trucks. The assembly lines are a way to mass-
produce cars quickly and efficiently.

The focus of the research was the automotive industry as an example of all
the complexities described above. The automotive industry is one of the most
important European industries and the automotive sector is an essential
reference for a broad spectrum of manufacturing industries. The improvement
techniques in their assembly lines are often extended to other assembly lines.

A change in the production schedule affects the inventory and the
replenishment of components. Sometimes improving one undermines the
overall performance, thus, it is necessary to discuss when it is beneficial to
take a joint decision and when it is not.

,,

( Scheduling

Car assembly line

Figure 1.4: The interaction of scheduling, inventory and CVRP.

Aeronautical industry

Aeronautical manufacturing is a high technology industry that produces
airplanes, spacecraft, satellites, missiles, and related parts. It is hard to imagine
something more complex than a flying object, which requires thousands of
man hours, complex manufacturing facilities and top class suppliers.

Among all the processes that raw materials have to follow to become
finished products, the chemical anodized process was researched. The airplane
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parts are exposed to extreme weather conditions, thus it is important that
chemical treatments are properly applied to the parts to avoid any accident.

These parts have to take chemical baths in different tanks where they have
to stay a minimum time to complete the chemical process, but lower than the
maximum time that would damage the parts. Each part has to follow a recipe
to be ready. The only way to move from one tank to another is using a crane
that can carry one part from one tank to another.

Like the automotive industry, the scheduling of the production of
aeronautical parts has many limitations. One of the main difficulties to plan
the production scheduling is the different bathing time that each part has to be
in each tank, which adds difficulty to having a smooth flow. In order to
complete the chemical process each part has to follow a unique path. A path
consists of the series of tanks that each part has to visit. This path is unique
and different from the others. Usually these paths are not linear because the
next tank of the recipe could require a jump forward or backward.

The other problem that is faced during the chemical treatment is that the
movement between tanks can only be done by a crane / hoist. This hoist can
only transport one part at a time, which could generate conflicts when more
than one part needs transportation. As there is no intermediate buffer between
tanks, it is necessary to assure that the destination tank is ready to receive the
part. When the bathing time exceeds a limit the part becomes useless. During
the time that a part is being transported another part may become flawed. This
problem is often called the hoist scheduling problem (Bloch et al. 2010). Each
part has to follow a different recipe through the chemical tanks.

The scheduling and the hoist problem could be solved with a sequential
decision that implies deciding the schedule of the aeronautical parts to be
processed and later finding the optimal/feasible path for the crane robot,
separately solving one problem after the other. The other option is try to solve
both problems simultaneously trying to synchronize the movement of the hoist
with the scheduling of the aeronautical parts (see Figure 1.5).

,//
/

Hoist
Routing

Scheduling

Aeronautic Industry

Figure 1.5: The interaction of scheduling, and Hoist Scheduling Problem.
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Health care industry

The health care resources are insufficient in almost any country for the
increasing demand of services to be met. This challenge has become greater
with the growing and ageing of the population while governments are reducing
the overall cost of the health care services. Health care providers must decide
the most effective resource allocation and effective use of resources to provide
these services.

Providing support for this complicated decision-making process could help
to face these problems. Modern hospitals are complex organizations that have
to deal with an increasing number of treatment options delivered by an
increasing number of specialists. They usually serve as a research centre and
for teaching.

In many hospitals the surgery department is one of the main cost
contributors (Jebali et al. 2006). Moreover, the main cost of the surgery
department is the operating rooms (ORs). The number of hospital admissions
that will require surgery is increasing together with the demand for other
services such as medical consultation. Therefore, the proper scheduling of the
operating rooms and surgeries are important if the hospital is to operate
properly. This is even more complicated in teaching hospitals that play a key
role in the health care system by training the future doctors.

The scheduling of surgeries consists in deciding which surgical operation
will be performed by each surgical doctor in a determined operating room
during a time slot.

One of the limitations to scheduling the surgeries is that not all the surgeons
perform surgery at the same time and not all the surgeries could be performed
by the same surgeon. The ORs scheduling should target cost reduction and the
efficient use of resources while maintaining the service level.

When the head of the surgical service draws up the schedule, they should
take into consideration that a vacant OR produces a cost, also an idle surgeon
has a cost, and the surgeons working extra time also have a cost.

The extra difficulty to create the scheduling of the ORs in a hospital
includes the surgeon’s expertise. The difference of expertise between surgeons
in a teaching hospital is higher than in a non-teaching hospital. However, in all
hospitals there are surgeons that have more experience than others and who
can perform a surgery in less time. This is more evident in a teaching hospital
where surgeries are performed by veteran surgeons and apprentices. Moreover,
it is necessary that young surgeons perform a certain number of surgeries in
order to complete their training.
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Again, this decision could be made sequentially or jointly. In the sequential
decision case, firstly, the time slots in the ORs are allocated to the different
surgical services. Then the head of the surgical service decides which surgery
will be performed in each time slot and which surgeon will perform the surgery
(Blake and Carter, 1996). In the second case, the joint decision will be used to
make all decisions simultaneously and the results will be compared with the
sequential decision (see Figure 1.6)

Surgeon
Scheduling

Health Care

Figure 1.6: The interaction of OR Scheduling, and Surgeon Scheduling.

WHY IS THIS STUDY IMPORTANT?

There is no straight answer to what is better: to make a joint decision or to
make a sequential decision. Both have their pros and cons. The joint decision
consists in increasing the scope of the decision-making process; that is, adding
decisions that could be made before or after.

This additional decision could come from other functional areas, or by
adding tactical or strategic decisions to the operational ones, or taking short,
medium, and long term decisions together. As shown in Fig 1.2, a joint
decision consists in adding more “blocks” to the decision. The possible
benefits of incorporating more “blocks” to the decision-making process (joint
decision) are the saving of costs thanks to the better use of the resources due
to the increased number of possible options that are evaluated. The decrease
in the cost is accompanied by an improvement in the performance indicators.

However, despite the advantages of the joint decision, it is necessary to take
into consideration the drawbacks of the use of a joint decision. The main
drawback is the increase in complexity added to the problem.

Regardless, of the solution method that will be selected, solving a more
complex problem will be more costly than a non-complex problem, since it
will require more coordination among the parties involved, a higher amount of
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resources and a longer solving time. Should the solving method selected be a
mathematical model more computational power, time, and IT tools will be
required to solve this big problem. When the solving times become excessive,
other solution procedures such as non-exact methods should be evaluated but
with the risk that the savings will be lower because the global optimum is not
achieved.

THE NEXT STEPS

In the following chapters, a literature review of the possible achievement of
this decision will be presented together with a survey on how the decisions are
taken by different companies.

The survey will be used as a starting point for the research of the decision-
making process, where the measure of the integration of the companies will be
evaluated. The survey has answers from different professionals from many
sectors, which will help us to understand the real decision-making process.
This will be reinforced with some face-to-face interviews to better understand
the decision-making process, and the decision support tools that are used.

From chapters 4 to 9 different models related to the manufacturing,
aeronautical industry and health care that could represent typical problems will
be developed, with different degrees of integration to research the impact of
the integration of the decision-making process.

An additional complication for the decision-making process is that the level
of integration that is good for one company may not be good for other company
as their data are different from those of the original company.

For this reason, a pre-evaluation of the joint decision is advisable since there
is a risk that the cost of implementation will be higher than the savings. A
framework for a pre-evaluation of a decision will be designed for the sake of
having more elements before deciding which type of decision to use. Thus it
could help decision-makers of similar problems to pre-evaluate their problem.
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Chapter 2: Problem Awareness

In this second chapter, the problem will be presented together with the research
design and the methodology.

PROBLEM STATEMENT

Decision-making is a vital part of the management world. Since decision-
making is different from one company to another, the first step consists in
understanding how these decisions are made in different companies. The next
step of this research was to analyse and to compare when it is suitable to
increase the scope of the decision, what the impact of the change of the
decision type is, who the actors involved in the change are, which other
application fields are suitable to those changes and when it is better to use the
sequential decision-making process instead of the joint decision.

The main research question is: What is the impact of the complexity of the
model-based decision-making process in the context of industrial
management?

To help us to analyze and answer this research question, in Table, 2.1 four
other secondary research questions and the goals of this thesis are presented.
The first question is related to the opportunities offered by present-day
computational power. This computational power opens the door to dealing
with problems using techniques that some years ago were impossible to even
think about. The second question deals with when the exact method is not
powerful enough to deal with a real life-size problem, the dilemma of trying
heuristic techniques or when a sequential approach appears. The third question
deals with which characteristic of a problem makes it more likely that one
approach or another will be used. Finally, the last question deals with the
theory involved in this change of approach.

Table 2.1 Goals and secondary research questions.
Research Question Goals
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Using current knowledge and
computational power, is it possible to
develop models that deal with the
increase in complexity for joint
decision making in an efficient and

effective manner?

To analyse
effectiveness

and quantify the
of using a joint
decision model for different
functional areas in the different
application fields and compare it
with a separate decision process

When exact methods are not enough
to deal with the increasing complexity
of real size problems, is it better to try
with heuristic methods or is it better
to use sequential decision-making?

To increase the size of the problems
up to real life-size problems and
analyse the impact of the resultant
complexity and the use of other
solving techniques.

When is the use of complex decisions

To determine the main characteristic

advisable and when is it not? of the instance that could provide

promising results using one

approach or another.

4 What is the managerial theory and
implication behind the decision
models that are currently being used?

To analyse the managerial insights
and implications behind the current
decision model with the analysis of
their  objective  function and

constraints.

RESEARCH DESIGN

The impact of the change in the decision process is analysed in the application
fields of the manufacturing, aeronautical, and health care industry. With a deep
analysis of the change in the decision-making process the research questions
were answered. The analyses of these changes were supported by different
techniques, such as simulation, mixed integer linear programming, interviews
and heuristic techniques.

The basic design of this research was to select some cases from the
application fields and modelled with different approaches. Once the models
had been constructed, different experiments were run changing the conditions
and analysing the behaviour of these changes in the output variables.

Despite the problems addressed in the literature, there are still a number of
challenges and questions that can be solved by using the new techniques and
computational power available. For the first research question, taking
advantage of the increase in computational power, a model that increases the
scope of the decision-making process will be used, and this will be compared
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to traditional decision-making. These experiments were carried out for the car
assembly line and the operating room scheduling.

In order to answer the research questions the application fields of
manufacturing and health care were selected. The cases were modelled in a
different way. In Fig 2.1 the scope of the model is presented for the car
assembly line. We compared separately the production scheduling model,
replenishment and the inventory level with the joint model. Similar work was
done with the different parts of the operating room scheduling.

Technique MILP Stochastic MILP | | Heuristic
Application [ Operating Room Distribution Center
[ |
Theories Scheduling I I\Iehicle Routing Problem -I-I Inventory
Application - Car Assembly Lin‘e |
‘ T

Technique | MILP | Heuristic MILP
ITheories I Decision Making I I Internal Integration Scheduling

Application Productio‘n Planning Aeronautical Parts

Technique Survey / Face to Face MILP /Simulation

Figure 2.1: Layout of the Research.

The second research question was answered using a real life-size problem.
This type of problem could not be solved using exact methods in a reasonable
time, so we built a heuristic model to deal with the entire problem, with the
disadvantage of non-optimal results which we compared with a sequential
decision. As Afshin (2012) also reports that classical MIP and MILP tools are
being used for the majority of the models and considering the computational
complexity of real-life problems, it is necessary to develop efficient algorithms
and metaheuristics for some cases.

The third research question is focused on creating a framework that could
help managers to make a decision as to which decision approach should be
taken. Monczka et al., (2008) highlighted that in a complex ecosystem,
managers have to consider several important aspects of the movement of
materials such as inbound logistics and their impact on the sequencing and the
interaction between first-tier suppliers and the sequencing since tightening the
supply chain impacts on the operation and on the cost of the supply-chain. In
these cases it is not easy to decide whether to try to solve the different problems
jointly or sequentially. The models constructed were analysed and
experimentation carried out to try to identify the factors that make an instance
more suitable to be solved with a sequential or joint decision.
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Finally, business analysis requires understanding of the industry and the
organization. Among other things, this comes from data analysis, and
information, and the proper choice of analytical tools. For the last question the
managerial insight acquired from all types of experimentation and interviews
in all the application fields are presented.

RESEARCH METHODOLOGY

In order to describe the methodology we will follow the research onion of
Saunders et al. (2009). We will start with the outer layers, and then go into the
inner part of the research onion. We will start with the research philosophies,
the approaches, and the strategies.

The philosophy, positivism

The research philosophy adopted defines the way that our research is
performed. Johnson and Clark (2006) argue that the important issue is “how
well we are able to reflect upon our philosophical choices and defend them in
relation to the alternatives that we could have adopted.". The choice of the
philosophy is supported by other similar research in the field. Positivism
adopts a clear quantitative approach for investigating quantitative phenomena
in many sciences. Gill and Johnson (2002) advocate that a good positivist
researcher has to create a structured methodology to facilitate the replication.

The approach, deductive

The next layer of the research onion is the approaches, which can be deductive
or inductive. A deductive approach owes more to positivism. It involves the
development of a theory that is rigorously tested. Robson (2002) lists five
sequential stages: formulating a hypothesis; expressing the hypothesis in
operational terms, testing this operational hypothesis, examining the specific
outcome, and modifying the theory if needed. These five steps create a cycle.
When necessary we should rebuild our hypothesis according to the findings.

The strategy, modelling

The philosophies and approaches are common to the different sciences, but for
the strategy layer, the strategies division proposed by Kotzab et al. (2005) will
be followed. Reviewing the characteristics of these strategies, and matching
them with the research question, the background and the preference of the
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authors, and reviewing similar works in the field of study, the modelling was
selected.

Quantitative models generate models of causal relationships between
control variables and performance variables. Then we can isolate the
phenomenon and analyse and test. Mitroff et al. (1974) made an early
contribution to the methodology discussion with their model.

In the conceptualization phase, the researcher creates a conceptual model
of the parts of the subjects under investigation, in this case the assembly lines,
aeronautical parts, and health care industry. Then, it is necessary to make a
decision about the variables that need to be included in this model, and the
scope of the model. In the next phase, the quantitative model is built, thus
defining causal relationships between variables, such as cost, constraints, and
requirements. Then, the model is solved using mathematical solving methods.
Finally, the results of the model are implemented and a new cycle could begin
(Mitroff et al., 1974).

The study of the supply chain from different approaches has been a constant
in the field of Industrial Management research. The area that is of concern to
this research is the integration of the supply chain, which has gained increasing
attention in recent years, in the direction of gaining flexibility and cost
efficiency. However, a high degree of integration is not necessarily desirable
in all situations (Bagchi et al, 2003). To answer these types of problems,
quantitative models have been used to solve operational management
problems and develop scientific knowledge.

A major problem in solving real-life operational processes is that they are
all different, depending on the work organization, information system used,
flow lines, job shop characteristics, and so on. The majority of these processes
are cluster processes based on the manufacturing technology used, and making
general assumptions for theoretical models (Will and Fransoo, 2002).

The data collection is linked to the construction of the quantitative models,
since the definition of variables and parameters can serve as a framework for
the data collection (Mikkola, 2003). The simplification of the model plays a
key role and is justified when a solution of the mathematical formulation
describes the studied phenomena. (Wylie and Barrett, 1982).

The drawback of mathematical modelling is that the analysis is limited to
the variables of the formulation, and when additional variables are added to
the formulation the models can become extremely complex and cannot be
solved with traditional solving tools.

The modelling of an assembly line could involve thousands of variables;
the selection and estimation of the most important variables is extremely
complex. The oversimplification makes the model unrealistic while
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overstatement makes it almost impossible to solve. Therefore, it is necessary
to create a model that can give us interesting information to apply to the
operation of the assembly lines.

Implementation

The fourth phase of the model of Mitroff et al. (1974) is implementation.
Strategies of empirical research should be used to test the implementation. This
phase also tunes the parameters used to decrease many unrealistic assumptions
in the previous stages due to the growing mathematical complexity (GroBler
and Schieritz, 2005).

The main objectives of the thesis were obtained using quantitative models,
such as linear programming methods, mixed integer programming, stochastic
programming and heuristic techniques. Even though there is no doubt about
the importance of qualitative models in decision-making science, such as
participant observation or interviews, which can help to tune the models
(Tayur et al., 1999), these qualitative models are used in the first part of section
2 to understand the complexity of the decision-making in companies.

Techniques and procedures

Mathematical mixed integer linear programming (MILP) will be used to model
the car assembly lines and operating room scheduling; exact solution methods
work better for small problems. Because they consume a high amount of
memory and computational time, it is impossible to use these methods with
larger data, so it is expected to use other solution techniques.

Heuristic techniques are usually explored when the exact methods cannot
deal efficiently with the problem. These techniques trade optimality,
completeness, accuracy and precision for a usually shorter solving time. These
heuristic techniques do not guarantee the optimal, but the solution is still good
enough to be used when the exact methods require excessive time and
memory, or simply when they cannot achieve a solution. Heuristic techniques
are designed for solving the MIP problems faster than the exact methods, but
sometimes heuristics take more time to solve a problem than the exact
methods.

Another commonly used technique used in quantitative research is discrete
event simulation. One of the main advantages of simulation is the level of
detail of the studied subject and the step-by-step visualization of the status of
the system at any time. Discrete event simulation models the operation of a
system as a sequence of events. The model of a complex system is a lab for
researchers and managers in the different areas. It provides low cost

32



Raul Pulido.

information-gathering for the decision-making. The dramatic increase in
computing time and memory, and the development of more powerful
simulation software allow us run highly detailed simulations where it is
possible to evaluate several scenarios in a short time (Fishman, 2001). Discrete
simulation was used to manufacture the aeronautical parts.

CONCLUSIONS

In this problem, a quick introduction to the problem was stated where the
importance of the decision-making process was presented. Then the four
research questions were presented, together with their goals. Different case
studies based on manufacturing, aeronautical parts manufacturing and health
care were developed. In these cases the sequential decision and the joint
decision were performed using different techniques.
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Chapter 3: Literature Review

DECISION THEORY

Every day companies are faced with hundreds of decisions; some are
irrelevant, and others can be determinant in the life of the company. Sometimes
managers are so afraid to make a decision that they postpone it or make no
decision at all, but this is also a decision.

The Cambridge Dictionary defines a decision as “a choice that you make
about something after thinking about several possibilities” (Cambridge, 2015).
Decision theory is concerned with the problem of making decisions. When
statistical knowledge sheds light on some of the uncertainties involved in the
decision, then it is called statistical decision theory (Berger, 2013).

A requirement to make a decision is that at least two possibilities exist. For
example, if someone is travelling from point A to B, and there is only one
possible road with no intersections or forks there is no decision about the
direction that should be taken. The existence of alternatives is a requirement
for a decision.

Interdisciplinary area

Decision-making has called the attention of researchers from different fields,
such as psychologists, linguists, management scientists, and so on. There are
different ways to theorize and, therefore, there are many research traditions
with different (mathematical) technical aspects.

Contributions from different academic disciplines have helped create the
actual body of knowledge. The main contributors are economists, statisticians,
operation researchers, management scientists, psychologists, political and
social scientists and philosophers. Even if Decision theory is a subject by itself,
different disciplines have contributed to the body of knowledge of decision
theory from a different perspective (Mitchell and Beach, 1990).

The perspective of political science sets the focus on the collective decision-
making process, or the perspective of the philosopher is the rationality of
decision while management science looks to improve the result of the decision.
Each group of scientists has used their tools and methods to deal with similar
problems, helping the development of decision theory (Hansson, 2005).
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Types of decision theory

Most contributions to decision theories could be divided into two. Normative
decision theory explains how the decision should be made. Descriptive
decision theory explains how the decision is taken. Normative decision theory
also takes rational thinking following procedures or methods as a prerequisite.
However, the distinction between rational-normative and descriptive theories
is fuzzy (Hansson, 2005).

Normative theory is based on the paradigms of expected utility theory and
subjective expected utility theory. The expected utility theory is based on the
act of choosing the option with the highest expected utility. The subjective
expected utility theory adds the characteristic of the attractiveness of an option
based on the decision-maker (Fishburn, 1983; Raiffa, 1968; Schoemaker,
1982; von Neumann and Morgenstern, 1953). Utility theories require the
decision-maker to have all information describing the decision situation.
Weber (1987) presented an interesting framework to deal with incomplete
information, but in the rest of this research, it is assumed that all the
information is complete.

CHARACTERISTICS OF A DECISION WITH COMPLETE INFORMATION

A traditional decision situation is characterized by a set of options, a set of
objectives or attributes, a known probability distribution of the outcomes and
decision-maker(s) with a stable preference structure and then they evaluate and
decide. Within the framework of prescriptive decision theory, methods should
help a decision-maker find an optimal or satisfying solution (Weber, 1987).

A set of options

The next task of a decision is the exploration of the set of options. Generating
some different options may be complicated at first, but the wider the options
that decision-makers explore, the better the final decision is likely to be
(Samuelson and Zeckhauser, 1988).

How could all the options be explored? How many possibilities are enough?
Which possibilities should be explored? Following the example of someone
traveling from point A to B, should they explore only the highways, or also the
toll roads, the expressway, the interstate, the boulevards, etc.? Alternatively,
maybe they should also explore using an off-road vehicle and use the gravel
roads or rural roads. The answer to this question depends on the scope of the
problem, the solving time and the techniques selected.
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Set of objectives

When options start to emerge, it is necessary to weigh the options according
to the objectives. What are the good points or bad points of the options? The
knowledge about the possible outcomes could be quantified in terms of losses
or utilities (Berger, 2013).

Before assuming that something is better or worse, decision-makers have
to select the decision objectives. In the example, the decision objective could
be the price, the duration, the arrival time, the CO», and so on. Unfortunately,
in decision-making there is often no single objective for a problem. Recently,
there has been a growing interest in multi-objective decision techniques. The
most important ones are Pareto optimality, desirability function, overlay plots
and utility functions (Hendriks, et al. 1992)

A known distribution probability of the outcome

The rules describing the outcome could be deterministic or non-deterministic.
The outcome is deterministic if the rules can be described univocally and are
non-deterministic. The deterministic model could be analysed as a particular
case of the non-deterministic model, where the outcome has a probability of
100%. When the outcomes of the options are unknown, at least it is necessary
to know the distribution probability of the possible outcomes to consider it
with complete information (Slowinski, 1993).

In our example to go from point A to point B, it is difficult to make the best
decision if the duration of the trips depends on the traffic, which changes with
a certain distribution probability. The decision as to which is the fastest route
1s not trivial.

Decision-makers with a stable pref