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Abstract

This research work discusses application and extension of game theory in the
shipbuilding industry. It answers two research questions, namely, (1) “How should a ship owner
and a shipbuilder act to optimize their own payoff? 7, and (2) “How can decision makers be
supported with reliable information? ” Literature-based research method has been selected to
conduct the research. During the research process, relevant literature has been analyzed, two
games were modelled, analyzed, extended and discussed. The research concluded that for the
modelled situations, the decision makers can rely on the information given by game theory when
the game analysis is extended with supporting methodologies or frameworks; however, it should
not be considered as 100% precise, yet reasonably reliable. This is because people might make
mistakes in their assumptions. The thesis consists of several principal chapters, namely,
introduction and shipbuilding, extensive literature review, research methodology and two sample
games, then its analysis, discussion and conclusion with limitations and future work.

Keywords: Game theory, Shipbuilding, P.A.R.T.S. framework, the Value Net, Risk
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1. Introduction

The introduction chapter presents an overview of game theory background and its
importance. It also describes research motivation, and presents an overview of the objectives,

research questions, and work process as well as the thesis outline.

Game theory is “the branch of mathematics concerned with the analysis of strategies
for dealing with competitive situations where the outcome of a participant’s choice of action
depends critically on the actions of other participants” (Oxford Dictionaries, 2018).

Modern game theory was invented by John von Neumann and Oskar Morgenstern in
Theory of Games and Economic Behavior in 1944. Since then, it has been actively developed
and has become a standard language in many sciences, such as biology, psychology, political
science, and economics, among others. Moreover, game theorists have won multiple Nobel
Prizes since 1994, which has influenced the spread of its application and popularity.

The shipbuilding industry is a complex industry that shares multiple aspects with
political science, economics, and psychology, among others. The common element is the
relationships between people, for example, when negotiating non-trivial, long-running
shipbuilding projects. Another common element is the potential for conflicts when there is a
need to be able to predict what behavior one party can expect from another. These are some of
the characteristics of these long-running shipbuilding projects that sometimes face unexpected
changes that lead to conflicts between participating parties.

With this concept of applying game theory to a shipbuilding industry in mind, an
extensive search was done to identify research covering game theory application to this

industry. Surprisingly, there were relatively few works describing such application. This has
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motivated me to conduct this research and to look for innovative ways to improve game
theory with additional supporting tools, thus supporting decision makers in conflict resolution
within the shipbuilding industry.

To succeed with this research, several objectives impacting the process and the results
were defined:

e To achieve knowledge of game theory and its application

e To achieve theoretical and practical knowledge of building and analyzing games

e To understand the shipbuilding industry and the relationship between actors: ship
owners and shipbuilders, contracts and projects

e To learn how to expand game theory with additional methodologies and frameworks

The thesis's principal research questions fall into “literature-based research method”
and answer the following questions:

1. How should a ship owner and a shipbuilder act to optimize their own payoff?

2. How can decision makers be supported with reliable information?

This research investigates a relationship between ship owners and shipbuilders
planning on building a vessel. Their business relationships are regulated by standard contract
forms focused on risk allocation and managing the consequences of risk but not on how to
prevent potential problems in the first place. Game theory proposes an approach that takes
into account the actions available to both parties and helps develop an understanding of which
action could be most beneficial to both parties while assisting in conflict resolution.

The work process consisted of an extensive literature review and ongoing

collaboration with Professor Lars Christian Iversen to refine the direction of the research.
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The thesis consists of three principal parts:
1. The first part describes the theoretical introduction (chapter 1), shipbuilding
(chapter 2), literature review, and game theory and its modifications (chapter 3).
2. The second part focuses on research questions and methodology (chapter 4).
3. The third part describes the elaborated games setup (chapter 5), findings, and
discussion with the limitations and summary (chapter 6).
The thesis concludes with recommendations for future work (chapter 7) and references

(chapter 8).
2. Shipbuilding

“Shipbuilding ” gives an insight into the main actors in the shipbuilding market together

with contracts and projects, which regulate and guide their business relationships.

Shipbuilding industry has several unique features. The first one is that in comparison with
traditional building and manufacturing industries, its main product is a ship. The size of the final
product makes it different. The ship is considered as the largest factory-produced product
(Stopford, 2009). A construction of one such unit may require a wide range of material,
equipment and skills. It might take from 12 month to 3 years to build the ship (Stopford, 2009).

Another feature of the shipbuilding industry can be described as “to be launched and put
vessels into water unlike any civil structure” (Mandal, 2017, p. 22). To produce such product,
thousands and thousands of small components needs to be assembled into a whole solid
structure, which is put into engineering and production before all the engineering issues are

solved (Emblemsvag, 2014).
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Typical actors in the shipbuilding industry are ship owners, shipbuilders, banks, brokers,
design engineers, equipment suppliers, vendors, naval architects, classification societies, among
others. These various actors participate in a shipbuilding project at different stages and in
different geographical locations.

Ship owners and shipbuilders are the main actors in the shipbuilding market. These two
actors cooperate when the ship owner wishes to acquire a ship and the shipbuilder is willing to
build a ship in return for a payment.

Purchasing a ship in a newbuilding market is different from purchasing a ship in a sale
and purchase market. The newbuilding market operates with as yet non-existent goods, while the
sale and purchase market operates with already existing goods (Stopford, 2009). It might take
several years for the shipbuilder to deliver the ship. Because of such a prolonged construction
process, (1) it is challenging to agree on the final price of the project upon contract signature, and
(2) design changes and disputes can be expected to emerge.

The shipbuilding industry is customer driven, meaning that ship owners dictate what kind
of ship they are willing to purchase. Such approach makes each ship unique to some degree. In
other words, each one is produced as a case of unit production, and it differs from others
(Mandal, 2017).

From ship owners’ perspective, when they decide to order a ship, they usually follow the
process presented in Figure 1 below. On the high-level, the process starts with understating of
the business needs, follows by feasibility and concept studies, so moves to a definition and
execution phases and concludes with taking the ship into commercial operation. The first
interaction between a ship owner and a shipbuilder usually happens during the concept study

phase where the process of tendering takes place.
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Business Feasibility Concept Definition Execution Commercial
Development Study Study Phase Phase Operation

Figure 1 - Ship owners’ project model. Source (lversen, 2016)

From shipbuilders’ perspective, their process starts with the tender when they provide
relevant information to the ship owner, so follows negotiation, planning, realization and closing..

The most intensive cooperation starts after the negotiation phase and lasts to closing (Figure 2).

Tender >Negotiaton5> Planning > Realization > Closing >

Figure 2 - Shipbuilders’ project model. Source (lversen, 2016)

During realization phase, the requested ship is being built. The process from the

shipbuilders’ perspective is presented in Figure 3.

Design & Constructi
Conceptual Design e_5|gn . Procurement ons_ruc_lon Commissioning Warranty
Engineering Fabrication

Figure 3 - Phases in building projects. Source (lversen, 2016)

This research work focuses on providing decision makers with information used to make
decisions during negotiation and realization phases of the process depicted in the Figure 2.

To regulate business relationships between the ship owner and the shipbuilder in a fair
and orderly way with no disruption in construction and commercial relations is possible by virtue
of a shipbuilding contract. A contract is “an agreement made between two or more parties which
is enforceable by law to provide something in return for something else from a second party.”

(Elbeltagi, 2009)

11
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Because the newbuilding market is different from a sale and purchase one, shipbuilding
contracts are also different in terms of their nature, and risk allocation (Curtis, 2013). Every
shipbuilding contract has to be tailored to the specific relationships and needs of the actors. To
simplify contract creation, there are many different standard forms available:

e The “SAJ form” by the Shipbuilders’ Association of Japan

e The “AWES form” by the Association of Western European Shipbuilders

e The “SHIP 2000” by the Norwegian Ship Owners Association

e The “NEWBUILDCON form” by the Baltic and International Maritime Council

While a contract regulates relationships, a project ensures that the ship is delivered within
the expected time and with the expected cost and quality. A project is “a temporary endeavor
undertaken to create a unique product with specified time limits, and a right of termination”
(PMBOK® Guide, 2013).

The process of building a new vessel is controlled by the project. Depending on the
selected methodology (best practice or a framework), different bodies of governance and
controls can be established to ensure a successful project completion. Examples of such are
PRINCEZ2, PMP, Six Sigma, among others.

Building a vessel can be influenced by risk and uncertainty, which are the greatest at the
outset of project (PMBOK® Guide, 2013). Figure 4 demonstrates how the cost of change and the
degree of risk change as the project progresses. As the project approaches the completion phase,
a change order might incur substantial expenses that affect the time, cost, and quality aspects of

the project.

12
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High Risk and uncertainty

Degree —»

Cost of changes

Low

Project Time —»

Figure 4 - Impact of Variable Based on Project Time (PMBOK® Guide, 2013, p. 40)

A sudden request for scope changes at the later stages of the project leads to
consequences for both actors and might also lead to possible conflicts between them. Such
conflicts are a part of their business relationships and should be regulated by the contract.

Mitigating risks and uncertainties in a controlled manner should preferably be done using
quantitative data supporting appropriate decisions.

To summarize, this chapter described the relationship between shipbuilders and ship
owners, and contracts and projects. Because the price of the ship and the final ship configuration
might be subject to change in the later stages of a project, this might lead to potential conflicts
between the ship owner and the shipbuilder. The next chapter describes the main concepts of
game theory and supporting tools that can simplify decision making in conflict situations by

providing a structure as well as qualitative data.

13



GAME THEORY APPLICATIONS IN SHIPBUILDING STRATEGY ANALYSIS

3. Literature Review

This chapter, describes the concept of game theory and its history, types, creation, critics,

application, and related tools modifying game theory.

An extensive literature review was performed by using keyword searching as a starting
point. The initial keywords were game theory, maritime industry, sources of conflicts in
shipbuilding, contracts, project management, game theory in business application, and game
theory in shipbuilding. At a later stage, the list of keywords expanded with the addition of game
theory modifications, strategic management, and risks in shipbuilding, among others.

To collect relevant literature, various online databases and services were used, including
Oria, Google Scholar, Emerald, Sage Journals Online, and JSTOR. Market reports were used to

understand what strategies companies employ in the business world.

3.1 Introduction to Game Theory

Game theory “is the formal study of decision-making where several players must make
choices that potentially affect the interests of the other players” (Turocy & von Stenge, 2002). It
studies the interactions of decision-makers from both the conflict and cooperative perspectives.

Game theory models are based on two basic assumptions. First, decision-makers are
rational, and second, they take into account strategies available to their opponents (strategic
reasoning) (Osborne, 2003). Game theory can be applied to various strategic interactions meeting
two conditions: There are at least two decision-makers (also called players) and their actions are

interdependent (Osborne, 2003).

14
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The decision-makers can be individuals, a group of individuals, companies,
organizations, governments, or any combination of these. Each decision-maker has a choice of
two or more actions which are called strategies.

Additionally, game theory cannot be applied when there is less than two strategies,
otherwise, the outcome of a game cannot be altered by the player. Various combinations of
actions produce different outcomes for each player. To understand which strategies players will
choose and the likelihood of their preferred actions, game theory has a methodology for
structuring, analyzing, and understanding the decision-making process in competitive

environments (Turocy & von Stenge, 2002).
3.1.1 History of game theory.

Game theory can be traced back to antiquity, for example, in the philosophical texts of
Plato: the Laches and the Symposium. Another example is the text of Socrates, where he recalled
an episode from the Battle of Delium (Don, 1997). So-called modern game theory was pioneered
by mathematician John von Neuman and economist Oskar Morgenstern in their publication,
Theory of Games and Economic Behavior, in 1944. Game theory has since found its application
in various academic areas, such as political science, economics, mathematics, and computer
science, among others. In 1987 Robert Aumann created an overview of how the field of game
theory and its applications developed throughout the 20" century. Game theory still has great
potential for development, and it has already become a standard language in many sciences.
Game theorists have won Nobel Prizes in economics five different times:

e 1994 — John Harsanyi, John Nash, and Reinhard Selten, “for their pioneering

analysis of equilibria in the theory of non-cooperative games”

15
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e 2005 — Robert Aumann and Thomas Schelling, “for having enhanced our
understanding of conflict and cooperation through game-theory analysis ”

e 2007 — Leonid Hurwicz, Eric Maskin, and Roger Myerson, “for having laid the
foundations of mechanism design theory”

e 2012 — Alvin Roth and Lloyd Shapley, “for the theory of stable allocations and
the practice of market design”

e 2014 — Jean Tirole, “for his analysis of market power and regulation”

(All Prizes in Economic Sciences, 2018)

3.1.2 Types of game theory.

Game theory has two main branches: cooperative and non-cooperative. Cooperative
games imply that all players agree to work together to achieve a common goal. Non-cooperative
games imply that there will be a loser and a winner. Both are defined by what the players are
allowed to do rather than win—-win or lose—win strategies (van Damme, 2014, s. 4).

In non-cooperative games, decision-makers act independently. They have no
communication or collaboration with any other players (Nash, 1951). The emphasis in these
games is devoted to understanding a player’s behavior and how the player should act in order to
maximize one’s own payoff.

In cooperative games, players are free to negotiate, form coalitions, and make side
payments. Their cooperation can be enforced by a third party. The emphasis is devoted to which
coalition develops better and also how players should divide their payoffs in a reasonable way

(Aumann, 1985).
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All games can be further split into groups and separated by types. There are three groups
of theoretic game models: strategic games, coalitional games, and extensive games (Osborne &
Rubinstein, A Course in Game Theory, 1994).

e A strategic game is characterized by a one-move simultaneous action undertaken
by each player. This game group can be represented by a matrix form reflecting
all elements necessary for building a game.

e A coalitional game is a cooperative match with competition between groups of
players. The purpose of coalitional games is to understand which coalitions to
form, which joint actions to undertake, and how to divide a payoff reasonably
among players (Osborne & Rubinstein, A Course in Game Theory, 1994).

e An extensive game is typified by players who take decisions at different moments
in a game. For example, one player would perform an action, and then another
one would react. This game can be depicted as a game tree with branches
corresponding to players’ payoffs.

These three groups of games can be split further by types, including the following:

e Symmetric / asymmetric game is a game where both players have identical sets of
strategies. If the identity of the player defines a payoff, then the game is
asymmetric.

e Zero-sum game is a game, in which a player’s benefit is equal to the opponent’s
loss

e Non-zero sum game implies that a player’s benefit is not necessarily due to

another player’s loss.

17
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e Games with perfect / imperfect information. If players know all the strategies,
payoffs and actions available to their opponents, then it is a game with perfect
information. Otherwise, it is a game with imperfect information.

This research focuses only on non-zero sum type non-cooperative strategic games.
3.1.3 Criticism and application of game theory.

Many economists criticized game theory in studying human strategic interactions. “It is
difficult to match games to real situations ” (Armstrong, 1997, p. 95), and game theory is not
more than “simply a set of answers to mathematical questions and such answers can be neither
disproved nor improved” (Butler, 2005, p. 138). It is “almost as if the authors believe people are
not involved!” (Nalebuf & Brandenburger, 1997). Another important but scarcely accepted
aspect of game theory is the rationality of people, who, in real life, are often unable to make
optimal choices due to congenital cognitive limitations (Etzioni, 2010, p. 378).

However, proponents assert that “the power of game theory is its generality and
mathematical precision” (Camerer, 2003, p. 2). By applying mathematical models and logic,
games can be fairly precise in the interpretation of behavior of rational players. The focus should
be on capturing particular features of the object of study but not the whole object itself.

Some researchers employed more descriptive methods in their studies than complex
mathematical models. Among them is Madani, the author of “Game Theory and Water
Resources ”’, who demonstrated the usefulness of strategic games in water resource conflict
resolution and water resource management (Madani, 2010). The author employed games, such as
Prisoner’s Dilemma, Chicken Game, and Stag Hunt. The author managed to show the advantage

of game theory over conventional systems’ engineering methods (Madani, 2010).

18
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Azin Barough et al. analyzed the applicability of game theory in probabilistic
construction problems and found the usefulness of simple games, such as Prisoner’s Dilemma
and Chicken Game, in construction management and conflict resolution (Barough, Shoubi, &
Skardi, 2012).

Another remarkable work by Hendrik and Hannah van Hemmen describes the application
of game theory in negotiation and decision making in the maritime community (van Hemmen &
van Hemmen, 2014). The authors described how various maritime-related problems can be
studied under simplified models, such as Prisoner's Dilemma, Tit for Tat, Pareto Optimality, and
the OODA loop. Examples of such problems are shipyard negotiations, shipyard selections, and
the joint field surveys, among others.

A similar descriptive approach was applied in this study. Instead of developing complex
models, the research shows how to find equilibria in interactions and what should be done or

considered by players to improve their interactions.

3.1.4 Creating and studying a game.

A researcher’s goal is to find an equilibrium to solve the game. Equilibrium means that
none of the players are willing to change his or her dominant strategy because it is a player’s best
response to the opponent’s actions. In non-cooperative games, this solution concept is called a
Nash equilibrium. “Nash equilibrium is based on the premises that (i) each individual acts
rationally given her beliefs about the other players’ actions, and that (ii) these beliefs are
correct” (Kogkesen & Ok, 2007, p. 39).

There are cases where players do not have a dominant strategy and thus have multiple

equilibrium solutions, also known as a mixed strategy-type game. These solutions might be
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similarly attractive to them, but the players have to choose only one. Some may decide to choose
a solution randomly to overcome the selection challenge.
For example, Anna and Bob play the Rock-Paper-Scissors game several times in a row. If
Anna decides to always choose rock as her dominant strategy, then Bob may observe this and
use this information to win the contest. The best decision for Anna would be to randomize her
strategies; this will increase her winning probability. If Anna would choose actions randomly,
then she would be using a mixed strategy.
To create a game for study, the following building blocks need to be in place:
e A set of players. (Anna and Bob in the example)
e A set of actions or strategies available for each player (Anna’s “rock” choice
and a potential decision to randomize choices)
e Qutcomes of various strategy combinations. An outcome can be represented as
a payoff that is measured numerically (Won or Lost in the example)
(Dufwenberg, 2011)
Solving a game with the mixed strategy would require one to calculate a probability
distribution over the set of actions available to players (Kockesen & Ok, 2007, p. 71). An
example of how to solve a game with the mixed strategies is shown in section 6.1, “Game #1 —
Price Negotiation”. The Rock-Paper-Scissors game makes it obvious that a mixed strategy is
useful when a player wants to confuse his opponent. A mixed strategy can also be applied when
a player is uncertain about the other’s action.

Table 1 summarizes key terms in game theory.

20



GAME THEORY APPLICATIONS IN SHIPBUILDING STRATEGY ANALYSIS

Table 1- Key Definitions

Any social interaction between two or more participants, the result of which
Game
depends on actions undertaken by decision-makers
Player .. I
A decision-maker within the context of the game
A complete plan of actions a player intends to use as the response to opponents’
Strategy
actions
Payoff _ . .
y An outcome of a strategic interaction that each player receives
A solution of the game under which none of the players is interested in changing
Equilibrium
their strategies

3.2 Game Theory Modification

In 1996, Nalebuff and Brandenburger introduced a new strategy called co-opetition,
which is a combination of competition and cooperation (Nalebuff & Brandenburger, 1996). They
researched the reasons why some companies win and why others lose. Applying the game
theoretic approach, they came to the following conclusions:

e Companies out-compete their competition.

e Business is a complex mix of two games, cooperative and non-cooperative.

e |If companies are willing to win big and consistently, they need to focus on two
things: which game they are in and how they can change the game itself to win easier.

The term co-opetition was chosen intentionally, because applying both strategies may
help the business to grow and prosper. The researchers argued that in some cases cooperation

pays off while in others competition does. The conventional business world is used to
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considering competitors as enemies. In order to win, a competitor has to lose. However, co-
opetition strategy attempts to change the paradigm of doing business and to look at business as
“cooperation when it comes to creating a pie and competition when it comes to dividing it up”
(Nalebuff & Brandenburger, 1996, p. 4).

Authors introduced two tools, which assist in analyzing and changing games:

e The Value Net (depicted on Figure 5) is a map of business relationships
showing players and their interactions. It identifies substitutors, customers,
suppliers, and complementors with whom the main player interacts.

e P.A.R.T.S. framework (shown in Table 2) is a tool that identifies the main
elements of any game and then proposes how to change them. The elements

are Players (P), Added Value (A), Rules (R), Tactics (T), and Scope (S).

CUSTOMERS

[lc

COMPETITORS (e BUSINESS (e COMPLEMENTORS

[~

SUPPLIERS

Figure 5 - The Value Net (Nalebuff & Brandenburger, 1997)
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A short description of each P.A.R.T.S. element is presented in the Table 2. Nalebuff and

Brandenburger believed that the P.A.R.T.S. framework ensures companies do not miss the

opportunity of creating a bigger pie with their competitors / complementors.

Table 2 - P.A.R.T.S. framework. Source: (Brandenburger & Nalebuff, 1995)

P Players

Customers, suppliers, substitutors, complementors
No fixed players
Change who is playing, even yourself

Create new competition

A | Added Value

What each player brings to the game
Raise your added value

Lower the added values of other players

R Rules

Give structure to the game
No universal set of rules in business
Benefit from existing rules and revise them if needed or

create new rules

T Tactics

Moves used to shape the way players perceive the game
Reduce misperceptions

Create or maintain uncertainty

S Scope

Boundaries of the game

Players can expand or shrink the boundaries

23
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Co-opetition served as a useful tool for identifying and analyzing the incentives for
creating win—win strategies for players in this research. Moreover, co-opetition helps to
understand how important interaction among players in games is and what kind of performance

someone can expect from a chosen strategy (Hernandez, Murtha, Peng, & Xiong, 1998).

3.3 Risks

Risk is an uncertain event that may have a positive or negative impact “on one or more
project objectives such as scope, schedule, cost and quality” (PMBOK® Guide, 2013).
Managing risk plays one of the key roles in project management discipline. In PRINCE2 project
management framework, for example, the process of risk management contains four key steps:

e ldentification and description: This step is responsible for understanding the risk.
e Assessing likelihood and impact: This step estimates and evaluates the risk.
e Planning: This step plans the response.
e Implementing: This step executes the planned response.
(Risk, 2018)

Risks play an important role in decision making. When deciding on a strategy to select,
decision makers may choose a less valuable strategy if the risk has not been properly identified,
assessed, and controlled.

For example, in a ship building project, there can be various change orders affecting the
initial agreed upon design of the ship. Such change orders have an impact on the objectives of
the project, such as time, cost, and quality, and these bring associated risks. If the risks are not
managed correctly, this might lead to unexpected positive or negative impacts both on the

shipbuilder and ship owner.
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Eunchang Lee et al., in their “Large engineering project risk management using a
Bayesian belief network” research have identified 26 major risks in shipbuilding projects. These
risks are expanded and applied to the second game example in this research paper in section 6.2
and also described in Table 3.

Table 3 - The 26 major risk items in shipbuilding projects

ID Risk category Risk items Remark
1 Natural Typhoon, flood, earthquake and other uncontrollable events happen External
2 Political Regulations against shipbuilders tighten or are amended External
3 Legal Classification’s rules change and influence shipbuilders External
4 Social Incendiary fire or burglaries occur External
5 Economic There is difficulty in supply of raw materials Internal
6 Economic Labor costs rise and cause problems Internal
7 Economic There is difficulty in meeting labor demands for production Internal
8 Economic There are shortages in design manpower Internal
9 Economic There is difficulty in supplying production equipment Internal
10 Economic Unexpected changes in inflation occur External
11 Economic New taxes or big changes in tax rates occur External
12 Economic Unexpected changes in exchange rates occur External
13 Financial Unexpected changes in interest rates occur External
14 Financial Changes in company credit ratings occur Internal
15 Financial Refund guarantee, operating costs and other difficulties in capital funding occur Internal
16 Financial Unexpected difficulties in cash flow occur Internal
17 Technical Changes in design occur Internal
18 Technical Introduction of new technologies incur new risks Internal
19 Technical Failures in production equipment occur Internal
20 Technical Instances arise where the specifications of the shipbuilding contract cannot be met Internal
21 Managerial Productivity does not improve Internal
22 Managerial Problems in quality management arise Internal
23 Managerial Problems arise due to strikes at headquarters Internal
24 Managerial Problems arise due to strikes at subcontractors Internal
25 Managerial Time schedule is exceeded and does not go according to plan Internal
26 Managerial Budget is exceeded and does not go according to plan Internal

Source: (Lee, Park, & Shin, 2009)
To summarize, this chapter described essentials of game theory, creation, and the
studying process as well as the P.A.R.T.S. framework and Value Net tools used for modification
of games. In the end, the basic concepts of risk management in project management were
highlighted.
The next chapter describes research methodology, research design, and the process

applied to this research paper.
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4. Research Methodology

This chapter describes the research questions, methodology, design, and process.

4.1 Research Questions

The main topic addressed in this research is the application of game theory in the
shipbuilding industry. The thesis’s principal research methodology falls into “literature-based
research method” and the thesis answers the following questions:

1. How should a ship owner and a shipbuilder act to optimize their own payoff?

2. How can decision makers be supported with reliable information?

Motivation to explore these specific two questions comes from the extensive research
work performed prior starting writing the thesis. These two research problems seemed to be not
described in the context of shipbuilding industry and, this, created a great opportunity to apply
existing knowledge to a new domain, as well as extend that knowledge about game theory with
new supporting frameworks and methodologies.

The next sections describe the applied methodology, research design and process.

4.2 Philosophical World View

The area of research required putting forward the research questions and then using “all
approaches available to understand [the research questions]” (Creswell, 2014, p. 39). A
qualitative approach supported with a pragmatic worldview philosophy was found to be the best
application in this study. The key reasons are:

e Pragmatism focuses on problem-centered situations, consequences of actions,

pluralism, and real-world practice rather than the forerunner of or reasons for
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conflict situations (Tartakow, 2012). This mirrors real-life situations between
shipbuilders and ship owners.

e |t considers complex interactions between ship owners and shipbuilders from both
objective and subjective points of view. This is helpful in terms of understanding
the rationality of players in the real world.

e The pragmatic approach provides flexibility in the application of methods,
techniques, and procedures.

The research method applied in the current study has its limitations, indicating that other
approaches could be complementary. The next subsection describes research design and

limitations.
4.3 Research Design

Research design is a plan that gives specific directions for how to perform a research
study, whether using qualitative, quantitative, or mixed methods, in order to answer research
questions (Creswell, 2014). The choice of a research method depends on philosophical
worldview, the nature of the research problem, the hypothesis, and the personal experiences of
the researcher (Creswell, 2014, p. 49).

Primarily, qualitative method was applied. A qualitative method tries to understand the
behaviors, values, and beliefs of people and to interpret their actions (Frankfort-Nachmias,
Nachmias, & DeWaard, 2015). The current research is centered upon understanding the meaning
and consequences of actions undertaken by ship owners and shipbuilders rather than measuring
quantitative values, such as gains or losses due to the chosen strategies.

The theoretical research was undertaken, meaning that the study is entirely literature

based. The theoretical study implied selection and discussion of theoretical material in the
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context of the shipbuilding industry and comparison of the game theoretical method with the
realist-world practice of conducting business in the shipbuilding industry. The units of analysis
were ship owners and shipbuilders.

Game theory is combined with a qualitative research method in this research. To clarify,
“Game theory provides a method of formulating a business situation in terms of strategies — the
strategy of the decision maker and the strategy of his/her opponent — and in terms of outcomes”
(Crowther & Lauesen , 2017, p. 112). In other words, a game is a mathematical model that
interprets the actions and behavior of players but not the research method in itself.

Game theory serves as a source for hypotheses, while a research method is a tool, a
component of research that attempts to verify whether stated hypotheses hold in reality within
modeled situations. A mathematical model, in this case, can be regarded as a partial map
representing certain features of the world with a limited accuracy but not the whole world itself
(Clarke & Primo, 2007).

Empirical verification of modeled games was not a goal because assumptions in games
can be inaccurate to some extent. Rather, the goal was to understand “how well the model[s]
capture particular features of the world” and how useful they could be (Clarke & Primo, 2007).
Elaborated games derived power form their simplicity, capturing the essence of the situations by
not taking into account irrelevant details. These games cannot be judged by an absolute criterion
of whether they are “right” or “wrong” (Osborne, 2003, p. 2). However, “if the assumptions of
the model are true, then the predictions of the model must be true because deductive systems are
truth-preserving, and testing is therefore unnecessary and redundant” (Clarke & Primo, 2007, p.

745).
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Following two basic assumptions of game theory, rationality and strategic reasoning
allowed for the prediction of strategies, which ship owners and shipbuilders chose under the
modeled games. Rationality allowed for the employment of a “non-contact method,” also known
as a literature research method (Lin, 2009).

The reasons for employing a literature research method in this paper are as follows:

e Availability and time constraints: Given time frames for this research, the
invitation of both players—shipbuilders and ship owners that would be engaged in the
shipbuilding process—was hardly possible.

e Participation of both players was indispensable: The participation of only one
player would lead to the application of a decision theoretic approach, also known as a
decision tree.

e Preliminary training: A limited number of people employ Game Theory as a
decision-making tool. Employing Game Theory would lead to preliminary training of
interviewees on the basics of Game Theory.

e Rationality of players: Players were focused on maximizing their own payoffs.

e Complexity of games: Designed games were of a simple form and did not go
deep into the details of each player’s values or beliefs.

In addition to a literature-based method, an algebraic method was applied in Game #1 to
solve the mixed strategy game and to find the probability of a player choosing a specific strategy.
Concerning the data analysis, “not all models require an accompanying data analysis” (Clarke &
Primo, 2007, p. 748). The reason behind that was mathematical models of game theory,

supported with the algebraic method. Nevertheless, complementary research methods, such as
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case studies or interviews, could reduce the gap between abstract games and what is happening

in the industry.
4.4 Research Process

The study was divided into four main stages with associated activities:

e Stage 1 — Identification of conflict situations in the shipbuilding industry

e Stage 2 — Literature review of game theory and ways of possible modifications in
similar conflict situations.

e Stage 3 — Creation of mathematical models reflecting interaction and conflict of
players as close to reality as possible.

e Stage 4 — Search for a win—win solutions. The focus centered upon creating win—
win strategies rather than lose—win strategies.

Each stage required its own type of literature source and discussion meetings with my
supervisor, Professor Lars Christian Iversen. As discussed in the literature review chapter,
literature sources were scientific papers, books, and market reviews. Sources such as scientific
papers and books about game theory assisted in modeling scenarios in a shipbuilding context.

To summarize, this chapter described a pragmatic worldview philosophy concept and the
reasons for its selection; it selected a literature-based research method with incorporation of both
qualitative and quantitative (algebraic) methods; and the research process consisted of four key
stages. The next chapter describes two hypothetical scenarios that are examined and discussed in

the following chapters.
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5. Game Theoretic Models

This chapter describes two games: one addressing a price negotiating challenge, and

another addressing scope change request challenges.

As described in section 3.1, to create a game for study, the following building blocks
need to be in place:
» Aset of players
» A set of actions or strategies available for each player
» Outcomes of various strategy combinations

The following two subsections will specify the game setup.
5.1 Game #1 — Price Negotiation

This first game scenario describes a situation when a ship owner wants a new vessel and
a shipbuilder is willing to build it. Both parties are trying to negotiate an attractive price that will
please each side. The shipbuilder (player 1) prefers the highest possible price for his services,
while the ship owner (player 2) prefers to spend as little money as possible. Both players are
interested in reaching an agreement, but their preferences concerning the price are not identical.

Table 4 shows the outcomes of interaction between the ship owner and the shipbuilder.
The rows of the matrix correspond to the shipbuilder’s strategies and the columns correspond to
the ship owner’s strategies. The players obtain payoffs depending on which strategies they
choose. Player 1’s payoffs are the first entry of each cell. The second entry of each cell is the
payoff of Player 2.

On the rows and columns cross, are symbols “R,” “W,” “O,” «r» and «w» representing

payoffs. “W” is larger than «w» and «r» is larger than “R.”
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Table 4 - A payoff matrix of 2-person coordination game

Player 11 The Ship Owner
Player | High price (H) Reasonable price (R)
3 R* 0
3 -
S
) = W* 0
= T LA
>
Q
o —~
= 3
2 g 0 r
~ S
2
o
S
o *
2 0 w*
@

*The dominant strategies are underlined.

A set of actions or strategies available for each player:

e The shipbuilder can offer the following:

shipbuilder

e The ship owner can accept the following:

Outcomes of various strategy combinations:

e Qutcome 1: High price — High price (H — H)

High price — most desirable outcome for the shipbuilder

Reasonable price — less desirable but still an acceptable option for the

High price — less desirable option, but still acceptable

Reasonable price — most desirable outcome for the ship owner

- The shipbuilder gains the highest payoff out of the interaction “W.”
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- The ship owner is less pleased and gains “R”; however, such a deal still
brings value to the ship owner.
e Outcome 2: Reasonable price — High price (R — H)

- Neither player gets any benefit out of such an interaction, which makes no
sense in these strategies. However, since these strategies are available for
both parties, they should be considered.

e Outcome 3: High price — Reasonable price (H— R)
- The shipbuilder is only open to a high price.
- The ship owner is only interested in a reasonable price; the offer is rejected.
- The outcome has no value for either player.
e Outcome 4: Reasonable price — Reasonable price (R — R)
- The shipbuilder offers reasonable price “w” for his work.
- The ship owner gets a vessel at a reasonable price, gaining maximum payoff

e
r

out of this interaction.

5.2 Game #2 — Scope Change

This second game scenario is slightly different from the first one. The difference is that

the first game is about how to concede to another players in one's favor around a ship price,

while the second game focuses on cooperation between the ship owner and the shipbuilder

around a scope change request.

The situation is that a ship owner and a shipbuilder agreed to build a vessel. The building

process has begun. During the building process, the ship owner found a new client for his vessel

leading to a need to change the agreed upon scope. The client proposes that the ship owner
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changes the ship’s type to a charter; however, the charter implies significant design changes in
the vessel and, therefore, the previously agreed upon scope.

The shipbuilder fears that this modification might have a negative impact on his other
business commitments. The ship owner fears that he will not be able to modify the vessel at
another shipyard within the expected deadline if the shipbuilder rejects the modifications now.
Hence, the ship owner’s preference is to cooperate with the shipbuilder.

The conflict of cooperation arises between risk-dominant (individual safety) and payoff
dominant (mutual benefit) strategies. Each player’s payoff (the outcome of the game) depends on
personal beliefs about what the other one will undertake in response. Risks examples associated
with the players are represented in Table 5 below.

Table 5 - Players' risks

e Delivery delay

e Final price uncertainty
The Shipbuilder
¢ A chance that the modification acceptance

will affect the ability to deliver other projects

e If the charter modification will be
declined, this might lead to loss of the client
or a chance that the vessel will be idled

The Ship owner o |f the shipbuilder rejects the offer to
modify, this might lead to extra costs and
time needed to find a new shipyard to perform

the modifications
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Similar to the first game, each player’s payoff depends on both players’ strategies and the
outcomes of their interaction. The rows of the matrix correspond to the ship owners’ strategies,
while the columns correspond to the shipbuilders’ strategies. On the cross of the rows and
columns, there are symbols “+,” “-> and “O” representing payoffs. “+” indicates positive effect,

“-” indicates negative effect, and “O” depicts neutral effect.

Table 6 - A payoff matrix of 2-person coordination game

Player 11 The Shipbuilder

Player | Approve Modification Reject modification

Request
Modification

The Ship Owner

Keep original
scope

A set of actions or strategies available for each player:

e The ship owner can request the following:
- Request Modification — The ship owner takes more risks and receives a
higher payoff
- Keep Original Scope — a risk dominant strategy, where the ship owner
receives a lower payoff

e The shipbuilder can respond in the following ways:
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- Approve Modification — The shipbuilder takes more risks and receives a
higher payoff
- Reject Modification — A risk dominant strategy, where the shipbuilder
receives a lower payoff
Outcomes of various strategy combinations:
e Outcome 1: Request Modification — Approve Modification
- The ship owner secures the vessel on the charter; it is delivered on time
receives the highest payoff.
- The shipbuilder takes more risks and receives the highest payoff.
e Outcome 2: Request Modification — Reject Modification
- The ship owner has to search for a new shipyard for modification.
- The shipbuilder takes a risk-free strategy and receives the lowest payoff.
e Outcome 3: Keep Original Scope — Approve Modification
- These strategies make no sense in these strategies. Every rational player is
focused on maximization of their own payoff. However, since these
strategies are available for both parties, they are included.
e Outcome 4: Keep Original Scope — Reject Modification
- The ship owner is risk-averse and receives the lowest payoff.
- The shipbuilder is risk-averse and receives the lowest payoff.
To summarize, this chapter described two game scenarios; available strategies and
outcomes for each of the players. The following chapter presents a discussion and a conclusion

for each of the games.
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6. Discussion

This chapter discusses solutions to the games described in the previous chapter. Each
game is discussed in detail and extended with additional tools to support decision making for

shipbuilders and ship owners. The limitations of the research are also acknowledged.

6.1 Game #1 — Price Negotiation

This is a one-move game where players move simultaneously. The game is simple, and it
captures the essence of the complex strategic interaction between shipbuilders and ship owners.
The challenge of this modeled situation is that a player might know an opponent's strategy, but it
won’t help him or her to decide on a course of action. This means there is a chance that an
agreement will not be reached.

This challenge can be solved by using mixed strategies. Recalling the subsection 3.1.4, a
mixed strategy type game is a game without a dominant strategy and having multiple equilibrium
solutions. Companies can estimate a probability of which strategy their business partner
(shipbuilder or ship owner) will use. In this game, a player's mixed strategy is a probability
distribution over the player’s actions (Clark, 2011). The probability might be based on supply
and demand expectations, the shipbuilders’ orderbooks, the number of available shipbuilders in
the market, market freight rates, and risk profiles, among others.

When a player knows the approximate probability of an opponent's specific decision,
then he or she is able to find a mid-point or expected utility (mathematically, the outcome of the
game multiplied by its probability) when the opponent becomes indifferent to two decisions.
This information will equip the player with knowledge when he or she should undertake extra

steps to incline the opposite side to pay extra or less.
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In this game, the dilemma is solved for the shipbuilder. It puts qualitative information on
the table to help the shipbuilder make an informed decision. To calculate expected utility, the
following steps are followed.

Assuming that the Shipbuilder puts the probability p on the strategy that the ship owner
will accept the high price {H} from Table 4, and 1 — p on the strategy that the ship owner will
accept a reasonable price {R} from the same table.

Then, the Shipbuilder’s expected utility by playing strategy {H} is:

p*W+(1-p)*0,

where W is the highest payoff for the shipbuilder. The shipbuilder’s expected utility by
playing {R} is:

px0+(1—p)*w,

where w is the lowest payoff for the shipbuilder.

Finding the average probability of the point when the ship owner will become
indifferent to taking a specific strategy is possible by equaling both sides of expected utilities.
p*xW+(A-p)*0=p*x0+(1—-p)*w

When the formula is solved, the shipbuilder’s probability is

W
w4+ W

p

There are similar results for the ship owner, letting g be the probability of the shipbuilder
playing {H} from Table 4 and 1 — g being a probability that the shipbuilder chooses {R}
strategy from Table 4.

Combining both, the result is a description of the mixed strategy Nash equilibria:
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Estimating the ship owner’s expected utilities, the shipbuilder must determine probability

p's balance (the ship owner’s willingness to pay extra). If ¢ > #, then the shipbuilder may

request the higher price. If ¢ = —, then either could happen. If g < —, then the shipbuilder
r+R r+R

can expect only a reasonable price for the vessel.

Players’ assumptions and estimations play an important role in this game. If the
shipbuilder assumes that the ship owner will choose a strategy with a larger probability than
what is given by the mixed equilibrium, then the best response for the shipbuilder is to adjust his
responsive strategy. Otherwise, if the shipbuilder makes a mistake, he might lose opportunity to
get a higher payoff. He can also lose a client because there are no second chances (This is a one-
move, simultaneous game). The agreement to build the vessel will not be reached. This would
bring less utility for both. That’s why balancing on probabilities is important for both players.

Practically, knowing the probabilities of making decisions is not enough. The price
negotiation in the shipbuilding industry is more complex, and there might be many rounds of
negotiations or it can be a “take-it-or-leave-it” term. If there are many rounds of negotiations,
more complex games can be created in order to understand how both players will act.

The focus of the research did not elaborate on more complex models (games), because
“Today their (Jon von Neumann and Oscar Morgenstern) Theory of Games and Economic
Behavior (1944), written in dauntingly abstract and numerical style, remains unreadable even
for most scholars” (Brown, 1996). Instead, the research focused on what can be done to incline
the ship owner to shipbuilder’s favor and make the ship owner pay a higher price for the vessel.
To achieve this, the analysis of this game is further extended with two supporting tools.

The next subsection provides a description of how one could proceed in a real-life

situation by first applying a Value Net map to analyze the players interacting with the
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shipbuilder and, second, using the results from the Value Net analyses in the P.A.R.T.S.

framework to specify the exact strategy to follow.
6.1.1 The Value Net application.

The Value Net, described in subsection 3.2 and depicted on Figure 6, lists players as
substitutors, customers, complementors, or suppliers with whom the main player—the
shipbuilder—has to deal with.

Substitutors are players from whom ship owners may purchase vessels as an alternative
to the main player (shipbuilder). Substitutors are not called competitors, because the shipbuilder
may overlook an opportunity for cooperation with those players, instead focusing only on
competing with them.

Complementors are players whose products (in combination with the shipbuilder’s

vessel) are valued more than the shipbuilder’s vessel alone.

Customers
Ship-owning
companies

Company
Shipbuilder

Suppliers

classification societies,

technology suppliers, /
etc.

Figure 6 - The Value Net (Nalebuff & Brandenburger, 1997)
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There are two interactions in the Value Net: a vertical and a horizontal. Money is
transferred from ship owners (Customers) to the shipbuilder, and from the shipbuilder to
suppliers along the vertical interaction. Resources such as semi-finished systems, steel,
equipment, etc. flow from the suppliers to the shipbuilder. The end-product (a vessel) is
delivered to its customers, which are the ship owners. The shipbuilder may interact with the
players along the horizontal interaction but is not necessarily conducting business.

Ship owners may have their own suppliers of various equipment (e.g., software) as an
alternative. An example is when they purchase a newly built vessel with their suppliers’
products, which makes the vessel even more valuable. Those suppliers are also complementors
to the shipbuilder. The shipbuilder’s suppliers may also have their own customers, and they can
inhibit or make it easier for the supplier to supply the shipbuilder. Those players can be
competitors or complementors correspondingly, depending on the negative or positive impact
they have on the shipbuilder.

If the shipbuilder wants to analyze the players and their effects on each other, then he has
to see the entire picture from the customers’ and suppliers’ perspectives. It may help him to
come up with new strategies of how to convince ship owners to pay extra for his work.

Examples of the VValue Net players are below:

e Subcontractors / suppliers / complementors: Classification Societies, Integrated
Propulsion System Integrators, Logistics Support Providers, Marine Engineering and Naval
Architecture Providers, Propulsion System Integrators, or Various System / Equipment /
Software / Material (Steel, Pipes, Paints, among others) Suppliers

e Customers: ship-owning companies
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e Competitors: other shipbuilding companies, conversion yards, second-hand
market, and those complementors that cooperate with competitors
In reality, there are even more players with whom the shipbuilder interacts during the
whole process of building a vessel. Depending on the vessel, its complexity, and the shipyard’s
location, players will differ from project to project.
The outcome of situation analysis performed with the help of the Value Net map serves

as an input to the P.A.R.T.S. framework described in the next subsection.
6.1.2 P.A.R.T.S. framework application.

In the subsection 3.2, P.A.R.T.S. is introduced as a numerical style alternative to solve
the aforementioned dilemma. P.A.R.T.S. defines game-changing elements, possibly resulting in
a better outcome for the player. The framework uses five main game elements: Players (P),
Added Value (A), Rules (R), Tactics (T), and Scope (S). All five elements are described in Table
2. “Successful business strategy is about actively shaping the game you play, not just playing the
game you find” (Brandenburger & Nalebuff, 1995). Refer to subsection 3.1.4 “Creating and
studying a game” for more details.

The next step after the players were identified by the Value Net is to examine them and
their interdependencies using the P.A.R.T.S. framework, starting with “P” and moving to “S”:

1) Changing the Players (P)

Players come first and are defined in the VValue Net. They are as follows:

e Customers — Ship-owning companies.
e Substitutors — The main substitutors are other shipbuilding companies, ship-
owning companies willing to sell their vessels on a sale and purchase market, and

conversion yards. Substitutors can be regarded as complementors and suppliers at the
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same time. For example, as a manufacturer and service provider for power sources and
other equipment, Wartsila has both customers: ship owners and shipyards.

e Complementors / Suppliers — Vendors, law firms, various service providers,
business partners, and all those who are either directly or indirectly engaged with the
shipbuilder’s project.

The shipbuilder may change the Player (P) element in the game as follows:

e Do it yourself. If the shipbuilder is big enough, then he can attempt to become
more independent by undertaking more roles and doing them in house.

e Form alliances. Instead of declaring a price war with his competitors on a
national level, he can unite with other shipbuilding companies and set competition on an
international level. For example, according to Bloomberg News, “China’s government is
working on a plan to combine its two biggest shipbuilders to create an industrial giant
that would dwarf its South Korean rivals” (Yang, Steven; Lyu, Dong; Park, Kyunghee,
2018). This step may make the shipbuilder less vulnerable to reasonable prices.

e Set up a proprietary business.

e Encourage the entry of new suppliers. This leads to an increase in the
shipbuilder’s bargaining power. Even if the shipbuilder agrees on a reasonable price, the
player still gets more benefits from changing the game. This is due to lowering the cost of
the project and an increase in his profits.

2) Changing the Added Value (A)
The added value is the domain where the shipbuilder has more power and opportunities
to affect its project. This is achieved by increasing the product’s value or decreasing the added

value of other players. It can be done by:
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e Close cooperation with suppliers to lower their costs.

o Close cooperation with customers to lower their operational costs and prolong
a ship’s life. For example, Ulstein’s X-bow hull design prolongs a ship’s life, improves
power, improves fuel consumption efficiency, lowers speed loss, etc. Another example is
the improved hull design of AWILCO Eco Tankers decreasing their daily fuel
consumption by 19% (Nygaard, 2017).

e The application of blockchain technologies may help the shipbuilder to reduce
or eliminate fraud and errors, lower long processing hours, and track goods while
working with suppliers. (Chavez-Dreyfuss, 2017) An example is a classification society,
DNV GL, that provides digital assurance with their blockchain technology. If the
shipbuilder is certified by DNV GL, all certificates and relevant data will be digitalized
and sent to the blockchain. Such a step may make the shipbuilder a more transparent and
reliable partner in his efforts to show compliance and adherence to rules and standards.

e Other sources of added value can come from reputation, reliability, services,
and technologies, among others.

3) Changing the Rules (R)

Rules determine the interaction between shipbuilders and ship owners. Rules arise from

contracts as well as from international and national laws in effect where the deal takes place.

Vessels are typically built on terms of standard contract forms. This either favors one

party or attempts to balance risk sharing, payment and commercial terms, liability, etc., between

the parties. The balance usually depends on the shipbuilding market's condition. One example is

shipyards being able to dictate their terms to ship owners before the 2008 crisis. They could

demand limited liability for design and delay in delivery of main components. They could also
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require slot-reservation fees and pre-delivery funding in order to commence contract
negotiations. The pattern changed drastically in 2009 when it went in the opposite direction in
favor of ship owners (Axe & Meland, 2013).

The change in the balance shows how crucial rules are in business relationships between
the shipbuilder and the ship owner. It also demonstrates their vulnerability to one another.

The Organization for Economic Cooperation and Development (OECD) asserts that
shipbuilders will, unfortunately, still be in a vulnerable position until 2030. If the shipbuilder
wants to stay in business and to entice the ship owner to pay a higher price for the vessel, then he
has to take more risks and participate in the creation of more ship owner friendly contracts. This
will make him more favorable compared with other shipbuilders.

The last two elements of the P.A.R.T.S. framework are not examined in detail. Tactics
and Scope are more of a descriptive nature.

4) Changing the Tactics (T)

The way players perceive strategic interaction (business relationships) affects their choice
of strategies and moves. One of the basic insights of game theory is that it considers not only a
player’s beliefs about the strategic interaction he is in but also what that player thinks that his
business partner thinks. Tactics are responsible for shaping the desired perceptions of the game.

As the shipbuilding industry is a monopolistic one, shipbuilders have to take into account
the decisions and responses of other players to stay afloat or to succeed in the industry. For
example, orderbooks of considerable sizes have a direct effect on vessel prices, employment, and

the availability of shipbuilders.
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By employing tactics element, shipbuilders may create or maintain uncertainty for
players in the market. This signaling tactic has to be credible to be believed by others. Which
steps are undertaken is up to the shipbuilder, but examples could be as follows:

e Apply reputation to influence customers’ perception of the company

e Compete in the general market while at the same time elaborating strategies for
entering the exclusive market

e Qutsource innovation to achieve efficiency

5) Changing the Scope (S)

The shipbuilder occupies the central position in the Value Net, depicted on Figure 6 from
subsection 6.1.1. An analysis of the scope can be performed at this level of detail. The
boundaries of the game make the analysis easier to perform; however, the more complex the
game is, the more difficult it is to conduct the analysis. This means that some important details
can be neglected.

The shipbuilder may change the scope by:

e Entering new market segments.
e Expanding their presence in new regions.
e Cooperating with other companies to enter a new market.

To summarize the Value Net and P.A.R.T.S sections, a change of one of the P.A.R.T.S.
elements could be enough to change the original game. By manipulating these elements, the
shipbuilder may eventually succeed in convincing the ship owner to pay a higher price for the
vessel or to decrease the production costs of the vessel. The latter may make the reasonable price

more attractive than if the Shipbuilder did not take extra steps.
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To summarize subsection 6.1, it introduced a mathematical solution to the first game. By
calculating probabilities of making decisions, the shipbuilder can estimate what decision the ship
owner will more likely agree on. To improve the understanding of the situation, VValue Net and

P.A.R.T.S. were suggested as an extension of game theory
6.2 Game #2 — Scope Change

Unlike the first game, the second game has two stable Nash equilibria (solutions) — one
that is payoff dominant when both players cooperate and another that is risk dominant when they
choose non-cooperation. Both strategies are Pareto optimal and, therefore, make the application
of game theory alone insufficient. This section describes an extension of game theory with risk
management analysis to support decision making in such games.

In this game, game theory helps to structure the situation, but it does not provide
quantitative data to support decision making. The quantitative data can be added by combining
game theory structure with risk assessment techniques from the risk management. Recalling the
risk management steps from the subsection 3.3, there are four key steps: identification,
assessment, planning and implementing. For this game, estimation techniques from the

assessment step can be applied as described in the next subsection.
6.2.1 Expected risk value.

According to the PRINCE2 framework (Risk, 2018), estimation of the expected risk
value can be done by defining a probability that needs to be multiplied by the expected monetary
value of the consequence or impact, if the risk happens to be realized. This can be formulated as
follows: Risk = (the consequence of risk) x (the probability of occurrence)

(Lee, Park, & Shin, 2009)

47



GAME THEORY APPLICATIONS IN SHIPBUILDING STRATEGY ANALYSIS

As described in subsection 3.3, E. Lee et al.’s research recommends 26 different risk

items identified in shipbuilding projects (Lee, Park, & Shin, 2009). As a part of this research

paper, these risks were further categorized and extended with additional description, goals and

sources. These are presented in Tables 7, 8, 9, and 10 below.

Table 7 - Risk: Economic

Lever

Description

Goal

Sources

Delivery problems
of suppliers

Difficulty in supply of raw
materials and production

equipment

Recognition of potential
shortages of equipment and
material related to modification
project

Unstructured data:
company websites,

news, portals

Human resources

Labor costs rise and cause
problems. shortages in design

manpower

Gain visibility over the
shipbuilder’s HR stability that
can reflect on loss of competitive
advantage

News, portals,
employees

Working conditions

Difficulty in meeting labor

demands for production

Gain visibility over working
conditions for supplier’s

employees

News, portals, ratings,
satisfactory surveys,

employees

Taxation

New taxes or big changes in tax

rates

Identify potential tax related
issues that the shipbuilder may

be involved in

News, portals

Exchange rate risk

Unexpected changes in

exchange rates

Monitor the risk of exchanging
money for the shipbuilder in

advance

Exchange rates
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Table 8 - Risk: Financial

Lever

Description

Goal

Sources

Credit ratings

Changes in company credit

Monitor financial stability of

the shipbuilder to see if they

Current ratio, net

profit margin, debt

ratings can meet liabilities, stay in
to equity
business, and stay agile
Table 9 - Risk: Technical
Lever Description Goal Sources
Changes in Monitor if new technologies /
Change orders, The shipbuilder,
design and systems can be integrated

introduction of

new technologies

modifications, and new

technologies incur new risks

with old ones into the whole

system

consultants,

classification society

Bad product

quality

Failures in production

equipment

Prevent integration of low-
quality products, and future
failure during the operation of

the ship

Independent
surveyors,
classifications

societies, employees

Ship contract

specification

Instances where the
specifications of the
shipbuilding (conversion)

contract cannot be met

Recognition of potential
specifications that might not

be met or delivery problems

The shipbuilder,
independent
consultant

companies
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Table 10 - Risk: Others

Lever Description Goal Sources
The shipbuilder’s | Problems in quality Monitor potential instability | The shipbuilder,
efficiency management, time of the shipbuilder’s own employees.
management, project cost infrastructure, probability of
management late delivery, and over budget
Political and Regulations against Foreseeing instability in the News, government
regulatory shipbuilders tighten or are geographical location where | websites, rankings
instability amended the shipbuilder is located
Natural risk Typhoon, flood, earthquake, | Monitor natural risks that will | News, portals

and other uncontrollable

events happen

ultimately impact the ship

owner

Legal

Classification’s rules change

and influence shipbuilders

Monitor the shipbuilder’s risk
of actions that may have a
negative impact on reputation
/ quality / financial stability /

reliability

News, portals,
government
websites,
classification

societies

In a real life situation, one should estimate the expected risk value for each of the risks

mentioned above for both strategies, namely:

* Proceeding a modification.

» Proceeding a risk-free basic design.

When the sum of all risks is calculated for both strategies, the parties obtain qualitative

data to make decisions upon. This way, the game theory has been applied to structure the
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situation and has extended with a supporting risk analysis to provide added value to decision
makers from the Ship owner side. The next subsection describes the limitations of the study for

both the first and the second games.

6.3 Limitations

Limitations of the study
There are some limitations with the present study. First, the research is entirely literature
based, meaning that the models and the entire study heavily rely on assumptions employed in the
games. Other complementary research methods, such as case studies, interviews and so forth
could increase the reliability and validity of the study. However, as mentioned in the research
methodology chapter, there were constraints that limited the scope to the literature research
method only. Second, there is a limitation as a result of the game theory assumptions, namely:
e Rationality: People are not always rational.
e Payoff values: How can the “payoff” be measured in a meaningful way for
each player?
e Evolution of decision making: How would the outcomes of the games change
if there was constant communication between the players?
e Number of players: How would the outcomes of the games change if the
number of participants increased?
e Understanding of own payoffs: Not every manager or company could see the
whole picture and the risks associated with certain business interactions.
¢ Representativeness of the sample: Each individual, group of people, or
company is special and distinct from another to some extent, meaning that the values and

beliefs of different players could bring about different solutions of the games.
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Finally, each shipbuilding project is unique in its nature. There are no completely
identical ships (Mandal, 2017). The term “sister ship” implies that vessels may share certain
characteristics, such as class, design, and hull, but they can vary significantly in terms of internal

systems. This means that players’ payoffs will differ in each new shipbuilding project.
6.4 Summary

Two games were constructed to demonstrate game theory application. Both were
analyzed with game theory and were improved upon with complementary analysis tools.

The main observation from the first game is that game theory provides a good structure
of the situation including a visual representation of possible strategies and outcomes. At the same
time, it helps with some guantitative analysis, namely, calculating probabilities of outcomes for
use to decide on the course of action. However, the sole application of game theory seemed to be
insufficient to support informed decision making because probabilities are defined by people
based on their judgements. To further improve the quality, the game was extended with the
Value Net map and P.A.R.T.S. framework. Using the latter would help shipbuilders to make
more informed decisions on what price to offer to ship owners. In addition, the shipbuilders can
use the P.A.R.T.S. framework to improve their business, both in the scope of a specific deal with
a ship owner and by the overall exploring of new parties to collaborate with. The limitation is, at
the same time, a future work recommendation is the inability to apply this analysis to a real life
use case within the scope of this research paper.

The main observation from the second game is a similarly good structuring framework of
the situation; however, there have been two preferable strategies that are not supported with
guantitative data to make informed decisions, thus leaving the players with two equal strategies

to proceed with. To overcome this challenge, the expected value risk management technique
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from the project management PRINCE2 framework was applied to allow for the quantification
of the strategies based on associated risks, thus allowing for better informed decision making. To
simplify the process of identifying the risks to consider the expected value calculation, the 26
risks for shipbuilding projects kindly prepared by E. Lee et al. in their research paper (Lee, Park,
& Shin, 2009), were further refined and extended with descriptions, goals, and sources.

Most of the limitations for this work may serve as a foundation for the future research

work recommendation. These are described together with the conclusion in the next chapter.
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7. Conclusion

This chapter summarizes the contributions of the research paper and recommends future
research.

This research focuses on answering two research questions, namely, (1) “How should a
ship owner and a shipbuilder act to optimize their own payoff?” and (2) “How can decision
makers be supported with reliable information?”

To answer the questions, it was necessary to achieve pre-defined objectives, such as
acquiring knowledge about the shipbuilding industry, game theory, and different supporting
methodologies and frameworks as well as contracts and projects. This knowledge has been
practically applied through implementing, analyzing, extending, discussing, and summarizing
two games as described in chapters 5 and 6.

Answering the first research question, namely, “How should a ship owner and a
shipbuilder act to optimize their own payoff?” the research has shown that game theory can
support ship owners and shipbuilders with the structure of a situation. Additionally, one can
apply additional frameworks or methodologies to help to identify the optimal solution with
respect to their own payoff and the potential willingness of another party to agree on that
solution. How this can be done was demonstrated in this research by implementing both games.
As an added value for the risk management part in the second game, a list with 26 risks has been
expended and presented to help shipbuilders and ship owners to easily identify relevant risks
using the provided risks descriptions, goals and sources.

To answer the second research question, namely, “How can decision makers be
supported with reliable information? ” in short, decision makers can use game theory to structure

the situation and analyze strategies to proceed; however, this information should be used with
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caution. The research has shown that, practically, it is not enough to apply game theory alone
and use this information as fully reliable. This is because people’s own judgement is involved in
defining key qualitative and quantitative metrics, namely, when defining outcomes or
probabilities in strategies. To accommodate this, both games were extended with additional
supporting methodologies and frameworks to improve the quality of information for decision
makers. Although it still cannot guarantee 100% accuracy, it can hopefully improve the accuracy
to a reasonable level. In other words, the research points out that the decision makers can rely on
the information given by game theory when it is extended with relevant supporting
methodologies or frameworks; however, it should not be considered as 100% precise due to
people factors as described above.

This research has several limitations. The first one concerns literature based research
methodology that has been selected. This methodology promoting development of analytical and
critical skills that can be applied to other types of problems. It also implies review of existing
available literature, discussion and review of applications, among others. The literature based
research type does not contain case studies or interviews, thus, limiting evaluation methods to
discussion in chapter 6. The reasons for literature based research choice are described in the
subsection 4.3. Conducting case studies and applying the models from this research is an
opportunity for the future research.

The second limitation comes from game theory assumptions such as rationality of
players, evolution of decision making over time, number of players, among others. A single
change in the assumptions could lead to different results of the research work. More information

about each limitation can be found in section 6.3.

55



GAME THEORY APPLICATIONS IN SHIPBUILDING STRATEGY ANALYSIS

The future research can focus on practical appliance of game theory in the shipbuilding

industry, and investigate:

The behavior of real ship owners and shipbuilders under the modeled situations,
such as price negotiation and scope change.

In this research, the game #1 was analyzed from the shipbuilder’s perspective. It
can be interesting to analyze it from the ship owner’s perspective. The research
question can be “What strategies could the ship owner elaborate under the
P.A.R.T.S. framework, and what kind of impact it would have on the
shipbuilder’s decision making?”’

In this research, the game #2 was analyzed from the ship owner’s perspective. It
can be beneficial to analyze it from the shipbuilder’s perspective as well. The
research questions to ask is “What kind of risks should shipbuilders take into

account when they are evaluating the reliability of ship owners?”

To address some of the limitations, additional topics for future research can be:

Conducting case studies for the situations described in the modelled games in this
research and evaluating the results.

Expanding the game #1 by increasing the number of players participating in
negotiation process.

Applying game theory, and its supporting tools the Value Net and P.A.R.T.S.

framework in more complex real-life cases
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This chapter has concluded the research work by describing accomplished objectives,
answering the research questions, reflecting limitations and recommending topics for future

work. The next section lists the literature used in this research.
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