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Abstract

In the recent years co-opetition has emerged as a new theoretical concept,
emphasizing the concurrency of competition and cooperation in business rela-
tionships. It is considered as an integrative bridge between older contributions
which one-sidedly emphasize either competition or cooperation. However, the
co-opetition theory is barely applicable for problems of relationships between
enterprises because of structural and methodical flaws. Therefore a framework
for the modelling of enterprise co-opetition is introduced. A definition for the
term co-opetition and determinants of co-opetition models are introduced, which
are external institutions, several industrial boundaries and time. An industrial
supply chain is introduced as one of the industrial boundaries in co-opetition
models that considers the impact of potential participants and distinguishes be-
tween individual customers and mass markets. A profit distribution rule is intro-
duced for supply chains with individual customers, which considers the impact
of excluded suppliers and can be used for the prediction of the outcome of auc-
tions. It is shown for both mass markets and individual customers in how far
stable agreements can be achieved, facing the problem of ubiquitous time-
inconsistency of agreements. It is shown in which cases the introduced profit
distribution rule recommends more stable negotiation outcomes than the
Aumann-Dreéze-rule and the Myerson-rule for coalition structures. Ideal-typical
cases of industrial supply chains with mass markets and individual customers are
simulated with the software “MATLAB”. Experiments are implemented with
test persons via the internet with the software “z-tree”. These experiments are
intended to verify the theoretical predictions about the negotiation outcomes and
the agreement stability.






Notations

Abbreviations

a — boundary market price that leads to a quantity demand of 0;

A — action set;

A —agent;

A, B, C —agents in coalition;

AD — Aumann-Dréze-rule;

ADMCS — aumann-dr¢ze-rule/ myerson-rule for coalition structures (identical for 3
agents);

B/N — brandenburger/ nalebuff;

BI — backward induction;

¢ — variable costs;

cart — cartel;

CG — coalition game;

CPNE - coalition-proof nash equilibrium;

d — degree of product heterogeneity;

ERP — enterprise ressource planning;

F — fixed costs;

G — game;

g —network/ subnetwork;

H — information set;

I — individual customer;

I.set — imputation set;

LAN - local area network;

M — mass market;

MATLAB — matrix laboratory;
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MNE — multinational enterprise;

My — myerson-rule;

N — total number of persons;

n, I —number of people (function argument);

NG — network game;

NIE — new institutional economics;

NP — nondeterministic polynomial time (assessment of complexity);
NPV — net present value Investment;

NTU — non-transferable utility (games);
OOCS-rule — outside-option modified profit distribution rule for coalition structures;
p — price;

P — principal;

P — polynomial time (assessment of complexity);
P-A — principal-agent (theory);

Pcore — partitional core;

PV — present value;

q — quantity;

R, S — sub-coalitions;

ROI — return on investment;

s — strategy;

S — supplier;

SG - strategic game;

Sh — shapley-rule;

SNE — strong nash equilibrium;

t — time (function argument);

T — last point in time;

TAC — transaction costs;

TCP/IP — transfer control protocol;

TU — transferable utility (games);

u — utility;

x — profit of a particular agent or (sub-) coalition;
z-tree — zurich toolbox for readymade economic experiments;
I1, 7 — total profit, individual profit;

R — finite partly ordered set;

v — characteristic function.
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Introduction

Problem definition

The ambivalence of competition and cooperation in the relationships between
enterprises is a phenomenon that has been investigated scientifically in several
aspects. However

1. there is no unified theory,
2. that is based on appropriate mathematical instruments,

3. which enables the deployment of computers, in order to calculate and
predict various aspects of such relationships.
This is the problem that the thesis is intended to solve. It deals with several
models of competition and cooperation which are verified by the implementation
of software that is developed for this purpose.

Topicality of the research

The research that is implemented in the thesis is topical for the following issues:
1. Co-opetition in international business,
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2. Development of the co-opetition theory,
3. Negotiation power and stability of agreements,
4. Long-term perspectives about the advancement of enterprise software.

1. Co-opetition in international business

Co-opetition is a neologism uniting the terms competition and cooperation. It
emphasizes the ambivalence of competition and cooperation in the relationships
with all other enterprises in the industrial supply chain, which are the suppliers,
customers, competitors and providers of complementary goods.

In the past decades supra-regional, international and global markets have
gained tremendous importance. The increasing interdependence of economic
actors from different regions, countries, etc. is one of the various facets of “glo-
balization”. Some important reasons for this development are the integration of
the most European countries into a common market, technological progress like
the emergence of internet and significant economic development in Eastern Eu-
rope, the CIS states, PR China, India and Latin America (Figueira and Greco
2005; Ginevicius and Podvezko 2008a; Liu 2009; Srnka and Koeszegi 2007;
Sijanec Zavrl et al. 2009).

However this kind of “globalization” has led to

1. increased complexity and unpredictability:

— of the development of the business environment,
— of the relationships with business partners’ and
— of the own interests,

2. a declining importance of national states, i.e. declining possibilities of
contract assertion in international agreements (legal security).

Thus, enterprises make strategic decisions in international business, while
facing increasing complexity, unpredictability and lack of legal security.

Co-opetition research, which is connected with microeconomics, game the-
ory, new institutional economics and strategic management, enables deciders in
enterprises to gain more profound understanding about enterprise relationships
in industrial supply chains, the influence factors of negotiation power, the stabil-
ity of agreements, etc. This knowledge may help an enterprise in future to de-
velop better business strategies in international business.

2. Development of the co-opetition theory

The co-opetition theory is still in an early stage of development. Because of
structural and methodical flaws the co-opetition theory is barely applicable for
problems of relationships between enterprises. There is no standardized and ac-



INTRODUCTION 3

cepted definition or framework for co-opetition models. Furthermore it is not
clear, in which way game theory is applicable.

Therefore the development of a new foundation of the co-opetition theory
and the formulation of determinants for co-opetition models is an important and
contemporary scientific contribution. It should be focused on the various rela-
tionships within an industrial supply chain and the impact of enterprises that are
excluded but nevertheless have impact on the relationships, particularly regard-
ing the negotiation outcomes and the stability of agreements (Plebankiewicz
2009; Ulubeyli and Kazaz 2009).

3. Negotiation power and stability of agreements

In the continuously growing international business national states lose their im-
portance in reference to the assertion of contract fulfilment. Particularly in situa-
tions where there is no reliance on state institutions, which may assert the fulfil-
ment contracts, the understanding of negotiation power is crucial (Ginevi¢ius
and Krivka 2008; Peldschus and Zavadskas 2005; Zavadskas and Turskis 2008).

Negotiation power and the stability of agreements are important issues of
game theory, which is the theory of strategic interaction. It would be an impor-
tant scientific contribution to show, in how far enterprises that are outside the
industrial supply chain influence negotiations and the stability of agreements,
and in how far negotiation outcomes can be predicted.

4. Long-term perspectives about the advancement of enter-
prise software

In the previous decades, enterprise resource planning (ERP) software has devel-
oped tremendously. It has become crucial for the administration and controlling
of any enterprise division. Important parts of an ERP system are the inventory
management and customers’ relationship management. However, all the auto-
mating has been only successful for processes that do not require actual intelli-
gence. As soon as decisions are necessary, which are based on the profound as-
sessment of the environment, IT systems cannot provide much support yet.
Particularly the strategic decision making, has only be supported yet, for in-
stance by data mining software (software that collects automatically particular
relevant information in the internet). It cannot be expected from IT systems in
the near future that they will be able to make independent decisions about busi-
ness strategies.

However in the long run, the progress in artificial intelligence might open
up the possibility for IT systems to understand and assess its business environ-
ment, and to make decisions with the intention to maximize its owner’s utility.
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In this case the game theory explains the possibilities of rational decision mak-
ing.

Aims of the work

The aim of this thesis is the development of a new framework for models of en-
terprise co-opetition, in order to facilitate the development of best-possible busi-
ness strategies. A more profound understanding of

— enterprise relationships in industrial supply chains,
— the influence factors of negotiation power and

— the stability of agreements
is provided by a variety of theoretic developments at the field of co-opetition.
The developed theory is depicted by simulations and confirmed by internet
based experiments.

Tasks of the research

The tasks of the research are as follows:

1. to provide a comprehensive state-of-the-art overview and to determine
the frame of further co-opetition research

2. to develop the theory of co-opetition by

— providing a new definition of co-opetition and a framework for co-
opetition models in which game theory is used as mathematical instru-
ment,

— delving into the details of the introduced co-opetition framework by de-
veloping an “industrial supply chain”,

— providing a profit distribution rule that considers the possible influence
of excluded agents in dynamic setting that can be used as prediction for
the outcome of auctions,

— examining the stability of negotiation results under various prerequisites
for industrial supply chains with mass market customers or individual
customers,

— simulating the profit distribution in business relationships with ideal-
typical parameters and
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3. to verify the model predictions about negotiation outcomes and agree-
ment stability for games with mass markets and individual customers in
experiments with test persons via the internet.

Deployed software

— MATLAB:
is a mathematical program for numerical and symbolical calculations. It is used
for the calculation of ideal-typical examples, algebraic derivations and all graphs
in the chapter 3 that depict the results of the calculations and of the evaluated
empirical data.

— Zz-tree:
is a software that has been developed at the University Ziirich. It allows to de-
velop and to carry out experiments in game theory and microeconomics. It is
versatile and is handled over a graphical surface with a proper programming
language.

— Microsoft Excel:
it has been used for storing and analysing experimentally recorded data.

— Microsoft Word: is the used program for the writing of the thesis and all
publications.

— Microsoft PowerPoint: is the used program for the making of the majori-
ty of the figures.

Methodology of research

Table 1 shows the structure of the thesis and which methods of research have
been implemented. The chapters are assigned to the deductive approach (conclu-
sion from the general to the particular) and to the inductive approach (conclusion
from the particular to the general). For the subchapters of the 2™ order the me-
thods of research are shortly listed.
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Table. 1. Structure of thesis and methods of research

Chapter |Subchapter Method of research  |Remarks
1.3 |Older contributions Literature research
concerning business | & analysis, restricted
relationships by relevance
o Comprehensive
ER=- Co-opetition research & analysis
£ g of contributions
58 1.4 |Game theory for Literature research &
. ° co-opetition structuring, restricted
by relevance
1.5 |Frame of further Result of search for
a research lacks and flaws in the
§ contemporary theory
= 2.1 |Foundations of Experimental no
g co-opetition verification:
2 S 2.2 |Industrial
g g supply chains
B % > |23 |Time-inconsistency indirect [Implicitly
a Tg; E 2.4 |Profit distribution fzonsidered .
- rule in the experiments
A 2.5 |Prediction of direct |Formulation of
ol 2.6 |negotiation results, statements that
stability of have to be proved
agreements
3.2 |Calculations and Deployment of soft-
3.3 |graphical ware:
“ depictions of MATLAB
o ideal-typical
-% > numerical examples
= E 3.2 |Experiments with Deployment of soft-
0 = ‘5~ 3.3 |participants via the ware:
£ g~ internet z-tree
3 g @ 3.2 |Collection and Deployment of soft-
= s 3.3 |evaluation of ware:
experimental data MATLAB, MS Excel
3.4 |Comparison of Synthesis of research
theoretical results
predictions (2.5, 2.6)
and empirical data
(3.2,3.3)
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The scientific novelty

— The framework of co-opetition models: new definition of co-opetition
and determinants of a co-opetition model

— “Industrial supply chain”: further development of Porter’s “5 forces
driving industrial competition” and Brandenburger and Nalebuff’s
“Value net”, integration of the “industrial supply chain” into the co-
opetition framework

— Comprehensive analysis of supply chain networks with 2, 3 and 4 agents

— Explication of the ubiquity of time-inconsistency of agreements and the
possible resulting instability

— Development of the profit distribution rule: “outside-option modified
profit distribution rule for coalition structures (OOCS)”, explication of
the cases when the OOCS-rule is superior in comparison with the Au-
mann-Dreéze-rule and the Myerson-rule for coalition structures

— Analysis of the contrary incentives in industrial supply chains with mass
markets to act non-cooperatively and cooperatively

— Prediction of negotiation results (e.g. the outcomes of auctions) in indus-
trial supply chains and individual customers with the developed profit
distribution rule

— Analysis of the stability of agreements among 2 enterprises with and
without outside-option

— Implementation of game theoretic and microeconomic experiments with
the program “z-tree” over the internet in order to confirm (or disprove)
the introduced theory, as a step towards automatic prediction systems in
the future.

Practical value

The thesis contributes to better theoretical and practical control over negotia-
tions, the prediction of negotiation results and agreement stability in different
settings. In the future, enterprise software systems will make intended rational
decisions, which are relevant for business strategy. The thesis is a contribution in
this direction.

In this sense the thesis provides a better understanding of strategic man-
agement and business relationships in general.
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Approbation

The author has published 5 scientific papers:
Stein, H. 2010a. Allocation rules with outside option in cooperation games with
time-inconsistency. Business, Economics and Management, 10(1): 56-96.
Stein, H. 2010b. Literature overview on the field of co-opetition. Verslas:
Teorija ir Praktika. Business: Theory and Practice, 11(2): 256-265.
Stein, H; Ginevi¢ius, R. 2010a. New co-opetition approach for supply chain
applications and the implementation of a new allocation rule. 6” International
Scientific Conference, May 13—14, 2010, Vilnius, Business and Management
2010: 1092-1099.
Stein, H.; Ginevicius, R. 2010b. The experimental investigation of the profit
distribution in industrial supply chains with an outside option. Technological
and Economic Development of Economy. 16(3): 487-501.
Stein, H.; Ginevicius, R. 2010c. Overview and comparison of profit sharing in
different business collaboration forms. Journal of Business Economics and
Management. 11(3): 428—443.

The author has participated and presented his research at 2 scientific con-
ferences in Lithuania:

1. ”Co-opetition — The new paradigm in management”, at the “Sth
International Scientific Conference, Business and Management 20107,
May 15-16 2008.

2. “New co-opetition approach for supply chain applications and the
implementation of a new allocation rule”, at the “6th International
Scientific Conference, Business and Management 20107, May 13-14
2010.

The dissertation has 190 pages, 61 figures and 29 tables, a list of references,

a list of the author’s publications and an appendix A-E.



State of the art of co-opetition and
game theory as its mathematical
instrument

After explaining the placement of the research question into the economic sci-
ences, and the bounds on the ideal of the homo economicus, a comprehensive
state-of-the-art overview is given over co-opetition and related elder theoretical
contributions. A profound overview over these parts of game theory is given that
can be relevant as mathematical instruments for co-opetition models. Finally, the
frame of the further research is explicated.

1.1. Placement of the research question into
economic sciences

The term “economics” comes from the Ancient Greek word oikovopia. (oikono-
mia, "administration, management of a household") and is a connection of oikog
(oikos, "house") and vopog (nomos, "custom" or "law"). Thus the literal meaning
is about "rules of the house (hold)". Lionel Robbins (1932) defines economics as
"the science which studies human behaviour as a relationship between ends and
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scarce means which have alternative uses." In the context of economic sciences
an independent decider is called “agent”. Sometimes “player” is used as syno-
nym for “agent”. Economic agents make or intend to make decisions in a ra-
tional way though rationality is often not perfect achievable. Additionally eco-
nomic agents basically regard an increase of wealth or more consumption as the
cause of more satisfaction or happiness. In opposite, happiness by asceticism or
the self-abandonment for an ideological or political cause is neglected in eco-
nomic science, which is a clear feature of distinction from other social sciences.
Thus the economic agent is characterized by:

— the intention to behave rationally,

— positive assessment or perception of more wealth or consumption.

Contemporary economics is of extreme diversity. There is a variety of di-
rections that compete but also complement each other. Some important direc-
tions are listed below:

— neoclassical economics (welfare economics, equilibrium theory, etc.),
— game theory/microeconomics,

— new institutional economics (Principal-Agent, transaction cost theory,
etc.),

— financial economics (financing, banks, insurances, etc.),

— strategic management (investment decisions, product and service related
decisions, etc.),

— macroeconomics (economic policy, monetary policy, public finance,
etc.),

— empirical sciences (statistics, econometrics, economic history, etc.).

These directions result from centuries of scientific work at universities and
other scientific institutions and the experience of humankind. Usually the terms
of the directions are not precisely defined and there is much overlapping. Neoc-
lassical economics are the simplistic and traditional approach with a very strong
focus on rational behavior. Game theory and microeconomics have their origins
in the neoclassical economics. Nowadays microeconomics can be regarded as
game theory that is applied in economics. However game theory is not restricted
to economic sciences. New institutional economics are also based on neoclassic-
al economics. There is a focus on problems of information asymmetry between
business partners and on transaction costs. Financial economics is about the op-
timal distribution of financial resources regarding insecurity, but also about the
role of banks and insurances. Due to the importance of rationality it is closely
connected to neoclassical economics as well.

Macroeconomics regard big economic systems like states. It is a patchwork
of very different approaches in order to understand and support economic policy,



1. STATE OF THE ART OF CO-OPETITION AND GAME THEORY... 11

monetary policy, public finance, etc. Macroeconomics have aggregated and sim-
plified contributions from neoclassical economics and microeconomics, but also
have approaches that are based on empirism, like statistic, econometrics and
economic history. While the theoretical approach is “deductive” (from the gen-
eral case to specific), the empirical approach is “inductive” (from specific case
to general). Figure 1 depicts the relationships between the fields of economics.
Fields which are relevant for co-opetition are framed.

Inductive approach

Empirism:
Statistics / Econometrics,
Economic history

e sl

- =
i = = = ok
Macroeconomics Co-ﬂpeﬁtiﬂ]‘[ Strategic management
1 ==:_-"--- -—"'--'== II
- T —— T -
L._.-_p---""'““--.._ --"-"-.._--'--n_._l
: 5 ; Game theory Mew institutional
Financial economics
Microeconomics economics
;-_=-"——l—|_._._____ r >
| —

e | ——

Meoclassical
CCONOIMICS

Deductive approach

Fig. 1. Relationships between the fields of economics, marking of fields that are relevant
for co-opetition (by the author)

1.2. Bounds on the homo economicus principle and
time-inconsistency

Decisions in economics are only a small part of the general philosophical prob-
lem that deals with decision making (Shubik, 1982). The “homo economicus”,
which is the ideal of the rationally thinking and acting person, is predominant in
the economic theories. Though this ideal is barely achievable, it represents the
target-state for the normative approach. Figure 2 gives an overview over the
characteristics of a “homo economicus”, i. €. a perfectly rational decider:
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“Homo economicus”: the rational decider
*Individual rationality:

perfect problem understanding, consideration of all consequences of decision
*Preference orders:

axioms of completeness and transitivity, ordinal scaling (if no further assumptions)
*Assumption of cardinal scaling in game theory:

intensity of preferences (monetary value) is known
*Aggregation of preferences:

attempt of = 2 agents to achieve Pareto-efficient (collectively rational) agreement

Fig. 2. Homo economicus” — postulate of perfectly rational decider

The “Homo economicus” postulate requires from the agent perfect individ-
ual rationality. This means particularly:

— Knowledge and understanding of the problem and its implications

— Ability to optimize

— Clear preferences

— Indifference to logically equivalent descriptions of alternatives and

choice sets.

The agent has to overview all consequences of his decisions perfectly and
must understand what the best possible decisions are.

He must be able to give a preference order to all possible strategies and
must not be influenced by different but equivalent descriptions of the problem.
In order to recognize his preference order, the agent compares all alternatives

pairwise (Giith 2007). A preference order is an n-tuple (a), ..., a)”) from the
set Q" and fulfils the axioms “completeness” and “transitivity””:

— Completeness: the decision maker determines the preference relations
for all pairs of alternatives

— Transitivity: for the three elements @, @', ®" € Q the following is ful-

filled: if @ > @' and @' > @" then w > @" .

E.g. a general preference order of an agent with 5 alternatives is of the
form: @ > @' = @" > @" = ®"". So far nothing is said about the intensity of the
preferences. Therefore in the general case only ordinal scaling (first, second,
third, etc.) is justified.

However models with ordinal preferences are connected with fundamental
problems (Binmore 1994):

— Intractability: if an agent cannot recognize the exact value of his deci-

sion, complexity increases tremendously.
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— General impossibility of preference aggregation (impossibility theorem,
Condorcet 1785; Arrow 1970): it is generally impossible to find com-
monly accepted (no dictator) agreements for >2 players and >3 alter-
natives, if the preferences are ordinal, and the rationality requirement
should be fulfilled.

Due to these problems, it is assumed that all agents exactly understand the
monetary values of their decisions. Von Neumann and Morgenstern (2007) have
determined cardinal preferences as the standard in game theory. Thus in oppo-
site, the social choice theory attempts to deal with ordinal preferences.

The crucial criterion for preference aggregation in order to make an agree-
ment is Pareto-efficiency (or Pareto-optimum, Pareto-dominance, collective ra-
tionality) that represents unanimity among the agents. If an allocation (e. g. dis-
tribution of goods among agents) is Pareto-efficient, no agent can be put into a
better position, without worsening the position of another agent. That means that
the total profit is distributed among the agents and nothing is left. If all agents
participate, “welfare is maximized”. However Pareto-efficiency can also refer to
a subgroup of agents (component-Pareto-efficiency, link-Pareto-efficiency). In
this case it is not welfare maximizing. Pareto-efficiency has no connection to
fairness considerations.

Figure 3 shows the typical human problems in the connection with rational-
ity (Rubinstein 1998), contemplation and information:

brnhlems with rationality: contemplation

*Quantification:
Assessment of values of relevant elements, and recognition of the dependencies
between elements

FProspect theory: endowment effect, loss aversion, reframing effect

Myopia in dynamie setting: incapability of farsightedness

+Complexity problem:
complexity classes of algorithms, contemplation costs and possibilities of simplification

roblems with rationality: information
Imperfect information: insecurity about other agents, insecurity about environment

Fig. 3. Human problems with rationality: contemplation and information (by the author)

Human problems with rationality: contemplation

Human decisions and behaviour are in general not perfectly rational. However
this does not mean that they are chaotic. Simon (1994) introduced the distinction
between substantive rationality and procedural rationality.

Substantive rationality means behaviour that “is appropriate to the achievement
of given goals within the limits imposed by given conditions and constraints”.
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Therefore all thinkable information and implications must be considered for
strategy determination. Simon declares that substantive rationality is generally
not achievable. In opposite, behaviour is procedurally rational if it is the out-
come of appropriate deliberation. Roughly said, procedural rationality is the at-
tempt to behave rationally (Sobotka and Rolak 2009). Impulsive decisions with-
out intervention of thoughts are forbidden. Procedural rationality is also called
intended rationality.

In connection with the bounded ability of contemplation, the following has
to be considered:

— Quantification of factors, events or processes (Chen 2006),
— Problems of prospect theory,

— Myopia in dynamic setting,

— Problems of complexity (Rubinstein 1998).

It is often difficult to quantify, i. e. to count or measure relevant factors,
events or processes (Figueira and Greco 2005; Srnka and Koeszegi 2007). The

— values of the relevant elements have to be assessed (Aumann 1970) and

— the dependencies between elements have to be identified.

The quantifiable components of a problem have to be separated from the
non-quantifiable ones. In the best case it is possible to depict a problem perfectly
in a formal way and quantify all elements on a cardinal scale (determination of
monetary value). However if this is not possible, it must be assessed in the par-
ticular case in how far approximations lead to usable models and results.

The prospect theory of Kahneman and Tversky (1979) deals with system-
atic mistakes of human contemplation if not all information is known. These are
typical mistakes that are approved by experiments:

— Overconfidence bias: people often overestimate their ability of under-
standing a situation and determining the right strategy,

— Endowment effect/loss aversion: people valuate thing higher if they pos-
sess them,

— Pseudo-certainty/reframing effect: people’s decisions are often influ-

enced by the way an uncertain situation is expressed.

Arieli (2008) has given new important contributions at the field of sys-
tematics of incorrect inferences, like the systematic human weakness to assess
one’s own willingness to pay and how it can exploited by smart negotiation.

In dynamic setting, myopia is the incapability to understand and predict all
future implications of one’s own decisions (Dutta et al. 2004). Especially the
stability of one-shot agreements might not be ensured if the game is dynamic.
Connections between the agents may fall apart and other connections occur. The
questions “Where will it all lead? Is the end result good or bad for me?”
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(Aumann and Myerson 1988) brings out the claim of farsightedness, i.e. the pre-
requisite of rationality in decisions with dynamic implications. Complexity of
problems restricts both the ability of humans and machines to make rational de-
cisions. Particularly

— if the number of players increases,

— if information is incomplete,

— if players deceive,

— or the game is dynamic etc.,
complexity can increase tremendously. It is barely possible to measure the effort
that an agent puts into contemplation. Therefore, in order to classify the com-
plexity of game theoretic models, the approach of complexity classes of algo-

rithms is borrowed from informatics. The most important complexity classes are
(Steimle 2008; Nisan, Roughgarden 2007):

— Polynomial-time algorithm (P-class),
— Non-polynomial-time algorithm (NP-complete class),

— Exceeding of NP-complete class (NP-hard class).

P-class problems are the easiest ones. There exists an algorithm that needs a
number of calculation steps that can be expressed by a polynomial function, so
that it can deal with big numbers. Problems of NP-complete class need an expo-
nential function and therefore basically cannot deal with high numbers. Prob-
lems of NP-hard class are of that high complexity that it is not known whether
there exists a general formula that estimates the computation steps. Usually, the
finding of solutions in game theory is in the NP-complete class. In network
games many problems are even in the complexity class NP-hard. However, the
computer verification of an already found solution is mostly “just” in the simpler
P-class.

If contemplation is connected with expenses, thinking about the problem
becomes to a part of the problem in a broader sense. Then it is rational to sim-
plify the problem. Problems of NP-complexity (exponential complexity growth)
or NP-hardness (dubiety whether complexity is quantifiable) need simplification
in the case of big numbers. Roughly said simplification can be reached by:

— implication (e. g. unification of agents to one representative),

— approximation (e. g. using of cardinal scaling).

Simplification in order to reduce complexity generally does not reduce the
explanatory power of a model. Friedman (1966) argues that models can be use-
ful even if they are based on wrong (or simplified) assumptions. Therefore mod-
els should be evaluated only with regard to the application. An example is an-
cient sea navigation that was based on earth-centred astronomy. Hence, incorrect
assumptions are not necessarily a knock-out criterion in game theory.
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Human problems with rationality: information

Game theory has various approaches that deal with insecurity. Agents have to
understand consistently their own risk attitude when they face

— incomplete information about the moves and attitudes of other players
(imperfect information),

— incomplete information about external factors or environment.
In the case of incomplete environment information, Harsanyi (1967) has
proposed to depict nature, as if it was an agent.

1.3. Co-opetition: The state of the art

1.3.1. The competitive and the cooperative perspectives in
economic theory as the delimitation of the co-opetition per-
spective

Before the introduction of co-opetition, business theory has been emphasizing
either on the competitive or on the cooperative aspect of business relationships
(Stein, Ginevi¢ius 2010c). The competitive perspective has its roots in the neo-
classical economics. Important representatives are:

— Schelling with his seminal book “Strategy of conflict” (1960)
— Porter’s “Competitive strategy” (1980) and

— The transaction cost economics (Coase 1937; Williamson 1985) (part of
new institutional economics).
Important representatives of the cooperative perspective are Contractor and
Lorange (1988) by explicating the benefits of business cooperation.

1.3.1.1. Schelling’s “Strategy of conflict”

Schelling’s book “Strategy of conflict” (1960) is an early contribution referring
to the transfer of game theory, i. e. the mathematical theory of strategic interac-
tion, to a practice oriented business theory where independent agents interact
and each of them pursuits his own targets.

Schelling argues that the traditional “zero-sum games” are only an extreme
case of interaction and represent situations of “pure conflict”. In “variable-sum
games” the agents have to collaborate. However collaboration is a certain form
of selfish behaviour.

If agents have to collaborate without having the possibility of direct com-
munication, one agent starts to assume which decision is plausible for the other
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agents. Thereby he assumes that also all other agents ask the same questions
about the respective other ones. Even in situations where secrecy is important, it
might become essential to signal one’s intensions and to achieve a “meeting of
minds”.

It is a process of mutual expectations that converges in the focal point (or
Schelling point), a non-mathematical concept that is very close to the Nash-
equilibrium or to concepts that are based on the Nash equilibrium (refinements),
like the iterated elimination of dominated strategies (Vega-Redondo 2003).

Schelling claims that the “human aspects of game theory” have to be re-
garded with at least as much attention as the “mathematical aspects”. By that he
criticizes the postulate of the perfectly rational decider that was prevalent at that
time and the possibility to describe human behaviour just by mathematical
means. However, in modern game theory the rationality postulate is weakened to
“intended but bounded rationality” (Simon 1996; Rubinstein 1998). Schelling’s
focal points do not necessarily need the mutual assumption of the others’ ration-
ality.

Schelling analyses bargaining procedures thoroughly and recognizes the
sources of power in a negotiation. Thereby credible commitments have a crucial
impact on the bargaining position. He claims that a negotiator gains power, if he
can convince his opponent that he has no choice except of offering alternatives
that are less beneficial to him. This can be achieved:

— by making a contract with a third party, so that a better offer becomes
very costly,

— by making a commitment in connection with a ceremony or a “belief
system” that prevents one from offering a higher price or

— by a situation where the negotiator is punished if he makes a better offer,
in the case that he negotiates in behalf of someone else (e. g. leadership,
union, etc.).

Thus power in bargaining comes from sacrificing one’s full range of free-

dom and options, the “power to bind oneself”.

“Strategy of conflict” can be regarded as the first book about co-opetition.

It highlights the idea that selfish agents collaborate as long as it is in their inter-
est. This implies the idea of ambivalence of competition and cooperation. Schel-
ling transfers the Nash-equilibrium and the refinements to focal points, a non-
mathematical concept. This can be regarded as a step towards a more practice
oriented business theory.

1.3.1.2. Porter’s “Competitive strategy”

Porter has introduced in his book “Competitive Strategy” (1980) a comprehen-
sive collection of ideas how to understand the forces that determine industry
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structures and the competition within and between industries. Some important
issues are:

— the forces driving industry competition,
— the generic strategies of competition,
— the determinants of return on investment (ROI) and strategic groups,

— vertical integration vs. long—term contracts.
Porter describes 5 “forces driving industry competition”:

— Rivalry among existing firms,

— Bargaining power of suppliers,

— Bargaining power of buyers,

— Threat of substitute products or services,

— Threat of new entrants.

He claims that competition in an industry goes beyond the existing agents
and encompasses the supply chain and potential rivals.

In the relationship with competitors, Porter defines 3 “generic strategies” of
competition:

— Opverall cost leadership, e. g. by constructing efficient-scale facilities,
vigorous pursuit of cost reductions from experience, etc.

— Differentiation of product and service in order to create “something that
is perceived industry wide as being unique”.

— Focus on particular buyer group, segment of the product line, geographic

markets, etc.

Competitors, i. e. enterprises that pursue similar strategies like the supple-
ment of the same market, can be assigned into “strategic groups”. Within a stra-
tegic group, competition can be particularly harsh and more “strategic distance”
usually lessens severity of rivalry. The determinants of the ROI of an enterprise
are divided into those of the entire industry, the strategic group and the position
within a strategic group:

— General industry characteristics,

— Strategic group characteristics: Mobility barriers, severity of rivalry,
Negotiation power,

— Position of company within strategic group: Competition intensity, (Size
of company within group), (Ability to implement strategy in operative
manner).

The potential benefits and costs of vertical integration are discussed, i. e.

the internalization of supplier or retailer operations. If an enterprise buys its own
supplier or retailer, this can lead to benefits like:
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— economies of combined operations, internal control and coordination,
— economies of collecting information,

— economies of avoiding the market and stable relationships.
On the other hand, this can be connected with disadvantages like:

— the costs of entering new markets and overcoming mobility barriers,

— higher fixed costs, reduced flexibility to change partners and higher exit

barriers.

Long-term contracts are proposed as an alternative to vertical integration:
“A firm should always consider the option of contracting with an independent
entity to achieve the same benefits as integration, especially when the risks and
costs of integration are great. One of the pitfalls in vertical integration is to be
beset by its costs or risks when many of the benefits could have been achieved
through more clever dealing with outside parties”.

Porter’s perspective is that competition is the crucial characteristic of busi-
ness relationships. Even if cooperation emerges, it is based on non—cooperative
strategies. In this point Porter refers to Schelling’s “focal points”. Porter expli-
cates the advantages of “vertical integration”, and therefore emphasizes the
competitive character of relationships inside a supply chain.

However, Porter shortly presents “long-term contracts” as an alternative to
vertical integration due to possible costs and risks. This is a short reference to
the incentives that enterprises might have in order to cooperate and a moderation
of the purely competitive point of view that is predominant. Hence, it can be
regarded as a short switch by Porter from the purely competitive perspective to
the co-opetitive one.

1.3.1.3. The new institutional economics

The new institutional economics (NIE) is a collection of fields where the focus
is on “institutions” instead of “primitive” rational deciders. Institutions are sys-
tems of rules:

— which are invented in order to regulate collaboration and exchange in a

complex and insecure world,

— which can be valid over a longer time for many people,

— whose obedience has to be asserted.

Examples for institutions are contracts, markets, enterprises, but also states,
cultural groups, etc. There are two approaches in NIE that are particularly im-
portant in order to show cooperative relationships from different perspectives.
These approaches complement each other but partly overlap:

— Transaction cost theory,
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— Principal-agent theory.

Dagnino and Padula presents the “transaction costs economics” as an im-
portant representative of the “competitive perspective”. This paper additionally
regards the “principal agent theory” as important in this context as well, particu-
larly in the context of negotiations and situations with incomplete information.

The main idea of the transaction cost economics (TAC) (Coase 1937; Wil-
liamson 1975, 1985) is that each transaction is connected with expenses. Wil-
liamson is the Nobel Prize laureate in economics of 2009. A transaction is an
agreement, communication or action between two separate entities or persons,
often involving items of value, such as goods, services, money or information.
Transactions can be characterized particularly by frequency:

— unique, rare, frequent with known end, frequent without known end, etc.
— insecurity,

— the number of involved people,

— specificity.

There is a multiplicity of kinds of specificity, like:
— Uniqueness of product or service,

— Location specificity,

— Specificity of capital equipment,

— Specificity of customer,

— Brand specificity,

— Reliance,

— Learning.

The using of a market and of an enterprise hierarchy are both origins of
transaction costs. Williamson explains transaction costs as the economic analogy
of “friction” in physics (Gobel 2002). In market transactions these are the ex-
ante-costs:

— search and information costs,

— bargaining costs.

These are the ex-post-costs:

— policing costs,

— enforcement costs,

— adaption costs.

After the TAC, relationships between enterprises (i. €. in supply chains) and
within enterprises have to be established with governing and monitoring struc-
tures in a way that the transaction costs are minimized. Though transaction costs
may occur is almost each context, particularly the bargaining, policing and en-
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forcement costs are connected with selfish behavior. Therefore the TAC repre-
sent a competitive perspective.

The principal-agent theory (P—A) refers to the relationship between an
agent that looks for a problem solution (principal) and an agent that proposes the
solution (Jensen 1976). The major problem between a principal and an agent is
the information asymmetry, i. e. the incomplete information of the principal. The
agent who proposes the problem solution can hide relevant information and
therefore has the possibility of cheating. The principal-agent theory is relevant in

— negotiations and
— the realization of contracts.

There is a multitude of approaches in order to enforce an agreement and
handle the agency problem, like:

— bureaucratic control (i. e. hierarchy),

— information system before contract conclusion: screening (Stiglitz
1975),

— information systems after contract conclusion: monitoring of the agent’s
action and information (e. g. controlling, time registration, milestones,
etc.) (Spence 1973),

— incentives (e. g. performance dependent salary, etc.),
— enterprise culture,
— reputation or

— reliance.

As this enforcement is connected with transaction costs, a P-A problems
can be part of a TAC problem.

The P-A theory is relevant in cooperative relationships, like in supply
chains or among complementors. By referring to the possible opportunistic be-
havior of the partner, who has the advantage of having more information, it em-
phasizes an important non-cooperative aspect of cooperative relationships.

1.3.1.4. The cooperative perspective

Contractor and Lorange (1988) offer a view on business relationships that em-
phasizes the benefit of cooperation. Contractor and Lorange regard their ap-
proach partly “as a reaction to the competitive approach” (Dagnino and Padula
2002). “The sources of economic value creating and the roots of firms’ superior
performances are located within the structure of firms’ interdependence.” Value
creation is a joint process that takes place among business partners. The mutual
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dependence is regarded as a “strong antidote” against the risks of opportunistic
behaviour and a powerful incentive to act cooperatively.

Risk reduction by:

o Spreading the risk of a large project over more than one firm,

o Enabling diversification of the product portfolio,

o Enabling faster entry and payback,

o cost “subadditivity” (the cost to the partnership is less than the cost
of investment by each firm alone).

— Economies of scale and/or rationalization, by lower average costs from
larger volume, lower costs by using comparative advantage of each
partner.

— Technology exchanges, e. g. through the exchange of patents.
— Reducing competition by establishing joint ventures, etc.

— Overcoming government-mandated trade or investment barriers: receiv-
ing the permission to operate as a “local” entity because of a local part-
ner or satisfying local content requirements.

— Facilitating initial international expansion by benefiting of local part-
ner’s know—how.

— Vertical quasi-integration advantages of linking the complementary con-
tributions of the partners in a supply chain, what can mean the access to
materials, technology, labour, capital, distribution channels, etc.

Contractor and Lorange represent the opposite delimitation of the co-

opetition perspective. By focusing on the potentials and advantages of coopera-
tion, they provide arguments against opportunistic behaviour, e. g. the exploita-
tion of fraud possibilities.

1.3.2. Literature overview of the co-opetition theory
1.3.2.1. Brandenburger and Nalebuff’s book “Co-opetition”

B/N explain “co-opetition” as an approach that intends to explain competition
and cooperation in business networks in the spirit of game theory. The idea is to
apply game theory to solve problems that are connected with business relation-
ships and supply chains. However game theory is not introduced explicitly.

B/N focus on the ambivalence of competition and cooperation in “value
nets”. “Value nets” are an extended notion of supply chains where competitors
and agents with complementary offers are considered. It must not be confused
with the “value chain” inside of enterprises that was introduced by Porter
(1985). Even if two enterprises act as competitors at a market, there can be vari-
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ous possibilities for them to cooperate, either by not attacking each other, or by
tacit price collusions, etc. On the other hand, cooperation partners generally
compete in the question of profit sharing. B/N define five elements of a game as
basic:

— Players,

— Added value,

— Rules,

— Tactics,

— Scope.

In the thesis the word “agent” is used to describe an independent economic
decider. “Player” is only used when the original term is important. It is regarded
as a rather informal term. The initial letters yield the catchy word “PARTS”. It
rather shows the wish to get a slogan for the “co-opetition” approach than a pro-
found structuring. Nevertheless, B/N use the “PARTS” elements as crucial crite-
ria.

Players (agents)

Plavers (agents):

*Value net: competition and cooperation with

- competitors (“win-lose-relationships™)

- complementors, suppliers, customers (“win-win-relationships™)
*Changing the cast of agents:

- selecting cooperation partner by auction

- encouraging other agents to enter

Fig. 4. Aspects of the element “players (agents)” in the game (B/N)

Figure 4 shows the agents in a value net (competitors, complementors, sup-
pliers and customer) and the possibility of changing the cast of agents.

Classically, a competitor is a participant on the same market who decreases
the price/demand for the other’ products by increasing the value of the own
products in the eyes of the customers. As the interests are in general antagonis-
tic, the relationships can be characterized by a “win-lose” situation. “Comple-
mentor” is a neologism by B/N that means an agent that has offers that are com-
plementary to the own ones. Complementors offer products/services that
increase the value to the product/service of the own enterprise, but they do not
compete at the same market. Customers appreciate a product more if they al-
ready possess or can get a complementary one. Roughly said, the relationship
among complementors is in general “win-win” (the interests go into the same
direction). Suppliers and customers are part of the same supply chain. However,
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in the co-opetition approach they are similar with the complementors in the
sense of “win-win”-relationships.

B/N argue that the distinction between “win-win” relationships and “win-
lose” relationships is not as clear as it may look on the first sight. An enterprise
competes with suppliers, demander and complementors concerning the distribu-
tion of the commonly achieved utility (i. e. profit). Thus, negotiations are a
competitive situation. On the other hand, there are many possibilities of profiting
by coordinating one’s behavior with that of the competitors. Even if the explicit
agreements are restricted by law, tacit collusions about prices, products, condi-
tions, etc. (Besanko 2009) are thinkable. Even if there is no direct communica-
tion, it can be wise for competitors not to attack each other, and to avoid price
wars, etc.: B/N argue that “a satisfied competitor is less dangerous than a dis-
tressed one”.

An agent changes the “cast of agent” as soon as it is advantageous, by quit-
ting cooperative relationships or finding new cooperation partners. Auctions are
an important procedure to select new cooperation partners. In this paper, the
agents that have the possibility to enter the game are termed "potential agents”.

Added value

Added value:
=Profit for oneself: by own participation or by others® participation

=Profit for other agents by one’s own participation:

- Is it good or bad for oneself, if other agents® added value increases?
- “win-win” vs. “win-lose” situations

Fig. 5. Aspects of the element “added value” in the game (B/N)

Added Value (figure 5) refers to the value difference between the participa-
tion (or existence) and the non-participation (or non-existence) of an agent,
product, etc. in the game.

An agent thinks about the maximization of his own profit. However in or-
der to achieve this, he has to think not only about the effect of his own participa-
tion in the game but also about the effect of the other agents’ participation. Ad-
ditionally, he has to understand whether it is advantageous to bring added value
to other agents, e. g. in order to increase suppliers’ or customers’ loyalty, etc.
(“win-win”).

It is dangerous to try to increase one’s own profit at the cost of another
agent (opposite of added value), due to the possibility of retaliation (“win-lose”).
The scheme coincides with the classical prisoner’s dilemma:

“win-lose”, “lose-win” = “lose-lose”.
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Rules

Rules:
=Distinction between:
- rules determined by the government
- rules determined by the culture
- rules for the treatment of mass market
- rules for individual relationships
=“Which rules will rule?”
- own possibilities of changing rules
- others® possibilities of changing rules

Fig. 6. Aspects of the element “rules” in the game (B/N)

Rules (figure 6) are principles that govern social behavior and restrictions.
They define the way a game or sport, etc. has to be conducted, or how to behave
in business, traffic, etc. B/N explain rules as follows: “most of the rules busi-
nesspeople play by are well-established laws and customs. They have evolved to
help ensure that trading practices are fair, that markets keep operating, and that
contracts are honored. To step outside these rules would be to risk legal penalties
or exclusion from the markets”.

B/N distinguish between:

— governmental or official rules,
— cultural rules,

— rules in the relationships between business agents.
In the relationship between business agents, B/N distinguish between:

— mass markets and

— individual relationships and explain, how rules can be influenced advan-
tageously. Thus an agent has to recognize which rules are advantageous,
which ones are of disadvantage and what are the possibilities to change
them.

It is the question which rules will rule. In individual relationships negotia-
tions are usually the prerequisite for cooperation. In the relationship towards a
mass market, negotiations are often not possible. The supplier usually deter-
mines the rules unilaterally and customers usually do not have many possibilities
to influence them. The governmental and cultural rules are termed by Branden-
burger and Nalebuff “meta-rules”. They can be regarded as externally given.
Nevertheless there is the possibility of influencing laws by lobbying, etc.
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“Tactics”

“Tactics” (refers to negotiations):

sHow do others perceive the game/negotiation?
sShould the game be transparent or opaque?

*Which perceptions should be preserved or changed?
u]s there enough reliance or is a mediator needed?

Fig. 7. Aspects of the element “tactics” (refers to negotiations) in the game (B/N)

The word tactics (figure 7) is presumably misleading because it refers to
how to control the perceptions by other agents in negotiations. B/N say: “Games
in business are played in a fog”. This means that the agents usually are con-
fronted with the problem of incomplete information. “The job of managing and
shaping competitors’ perceptions is an essential part of business strategy. Per-
ceptions play a central role in negotiations. The domain of perceptions is univer-
sal”.

The agents have to decide in general whether the game should be played
transparently or opaquely. Each agent should recognize which perceptions by
other agents should be preserved and which should be changed. However it is
difficult to achieve such an “information control” over other agents where uncer-
tainty is built up (e. g. by bluffing), preserved or reduced.

Negotiations typically take place in a fog. Negotiators try to show and hide
information deliberately in order to improve their position. However this is chal-
lenging because basically everything sends signals. Without sufficient reliance
among the agents, negotiations are likely to fail. This can be solved by a negotia-
tor that is accepted by both sides.

Scope, boundaries

Scope, boundaries:
sWhat is the current scope or boundary of the game?
sShould it be changed?
sShould the game be linked with other games, e.g. by
- market entries?
- longer-term contracts?

Fig. 8. Aspects of the element “scope” in the game (B/N)

The scope (figure 8) or the boundaries of a game are defined artificially. All
games are connected with each other. Even if the separation of games is conven-
ient for analysis, it must not be neglected that decisions might have unexpected
impacts on any other issues. The complete game comprehends the whole world,
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but a model can only depict a small excerpt limited by region, time, technology,
etc.

The agent should ask himself, whether to link/delink one game with/from
another one e. g. by entering new markets or making longer-term contracts. If a
new agent wants to enter a market, he should try to avoid competition. This can
be done by occupying a price segment that is not that interesting for the incum-
bent(s), or bringing new products with the chance of failing. Particularly in busi-
nesses, where technology advances quickly, market superiority is deceptive.
New agents may emerge with superior technology and the core competency of
the incumbent in one technology may turn out as rigidness in another technol-
ogy.

Time is a crucial determinant for the scope of the game. Longer-term con-
tracts assure the links between games of different periods and therefore can be a
prerequisite to protect added value. On the other hand, longer-term contracts can
be difficult to assert due to changing agents, changing added value, external
rules and perceptions.

Analysis of B/N’s “Co-opetition”

B/N’s “co-opetition” approach is an important step towards a practice oriented
business theory in the spirit of game theory. It is a comprehensive attempt to
make highly abstract or mathematic concepts in economics applicable. There is
no other comparable concept yet that focuses on the ambivalence of competition
and cooperation in each business relationship. Nevertheless, B/N’s co-opetition
has some fundamental flaws, like that:

— the foundation in the economic sciences is not explained,

— the internal structure that is disputable and as it is targeted to a non-

professional readership.

The only economic theory that is mentioned is the game theory. However it
is not clear in which way game theory is used and whether there are other theo-
ries that are in connection with the co—opetition approach.

The “elements” “players” (agents), “added value”, “rules”, ‘“tactics”,
“scope” (PARTS) are not in a logical structure. The short-cut “PARTS” seems
to be based on the intention of being memorable and easily accessible for a large
readership. It is misguided from the point of view of priorities and the kind of
chosen criteria. In order to show the structural problem, table 2 lists some impor-
tant aspects that refer to two or more “elements” of “PARTS”, so that the “ele-
ments” overlap:
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Table 2. Overlaps of elements, x marks the reference in B/N’s book “Co-opetition” (by
the author)

Aspects by B/N  |Overlap of elements: P |[A R |T

1 |Value net: determination of agents X

2 |Value net: distinction between mass markets and X X
individual agents

3 |Value net: “potential agents” and their impact X X X X

4 |Value net: “win-win” vs. “win-lose” relationships X X

5 |Negotiations: restricted to relationships with X X |x |x |x
individual agents

1. The determination of agents concerns also the “scope” of the game. By

each additional agent, the complexity of the game increases tremen-
dously (Pin 2005). Furthermore the cast of agents is the result of nego-
tiations, so that the determination of agents also refers to “tactics”.

2. The distinction between customers that are
— individual agents and those that are
— mass markets (aggregated agents) is introduced at the element “rules”.

However, the distinction between individual and aggregated agents
could also be covered by the element “players” (agents), and therefore
also by “scope”.

3. Agents who have the potential to enter the game (“potential agents) can

be regarded as strategically very important. If an enterprise has a sup-
plier and obtains an alternative, this has crucial impact on negotiation
power as it decreases the actual supplier’s “added value”.

4. “Win-lose” relationships are among competitors and “win-win”” among

the others relationships in the value net. They are introduced in
“agents”. However, both “win” and “lose” refer to the “added value”.

5. Negotiations (chapter “tactics”) can have impact on each element, as

“you can negotiate anything” (Cohen 1982). However B/N omit to men-
tion that negotiations are restricted to individual agents and it is not pos-
sible to “negotiate” with mass markets. The distinction between mass
markets and individual agents is introduced in the chapter “rules”, but is
ignored it the chapter “tactics”.

Hence, though B/N’s proposal of the co-opetition theory can be regarded as

a good starting point for research, it is not implementable in the given form.
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1.3.2.2. An overview of the literature contributions to the co-
opetition theory

The term “co-opetition” has been coined long time before B/N’s book without
receiving public attention. Already in 1911, Kirk S. Pickett of the oyster manu-
facturer “Sealshipt” coined the word “co-opetition” in order to describe the rela-
tionships among his 35,000 oyster dealer by stating: ““You are only one of sev-
eral dealers selling our oysters in your city. But you are not in competition with
one another. You are co-operating with one another to develop more business
for each of you. You are in co—opetition, not in competition”. T. Cherington re-
ferred in his book “Advertising as a business force” from 1913 (Cherington
1976) to this first mention. The Californian historian R. Hunt reintroduced “co-
opetition” in the Los Angeles Times (1937). However, none of these early intro-
ductions received any public attention. For more than half a century there has
not been any approved publication that uses this word. Ray Noorda, the long-
time CEO of Novell Corporation, is regarded as the person who reintroduced the
term co-opetition into public debate in 1992 (Fisher 1992).

However the major impulse has been given by B/N (1996), though it is
written in a non-scientific style. Afterwards, a multitude of literature contribu-
tions has followed and refers to both highly theoretical questions and to certain
industries.

Afuah (2000) takes a look at business networks that undergo fast techno-
logical changes. Due to these changes, enterprises possibly lose their competi-
tive advantage, because their technology becomes obsolete. Furthermore the old
skills and organizational routines can handicap or delay the adaption to the
changed situation. However, if marketing capabilities are important, difficult to
imitate and still intact, the enterprise can assert its position in the network. In
this case, enterprises suffer under the action of other enterprises that work on
increasing the technological level, however still offer marketing cooperation,
which is an example for “co-opetition”.

Afuah also describes another important issue connected with network ef-
fects, the phenomenon that each additional network member increases the utility
of each other member. If standards and network effects are important in an in-
dustry, an enterprise may look for alliance partners in order to assert a certain
standard or design. In this case competitors benefit from each other by using the
same technological standards or making their standards compatible.

Levy and Loebbecke (2001) propose a framework for inter-organizational
knowledge sharing with ambivalence of competition and cooperation. Coopera-
tion leads to the problem that knowledge that has been transferred can be mis-
used at a later point of time. Therefore they develop a guideline with controlling
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procedures for the management in order to show how to prevent uncontrolled
knowledge transfer.

Bagshaw and Bagshaw (2001) provide a case study, where a management
consultancy, a business school and an outdoor activities provider establish a
joint enterprise as a common project. Their different points of view can be con-
sidered as competing with each other. However the project benefits of the team-
work and the variety of influences. The joint enterprise is characterized by both
competition and cooperation and as a representative example for an application
of the co-opetition approach.

Dagnino and Padula (2002) give a comprehensive introduction into the
theoretical research on the field of co-opetition. They argue that co-opetition is a
field that has not been researched sufficiently due to limited or non-existing
theoretical foundations. In order to propose a foundation, they compare it on the
one side with the mainly competitive perspective and the mainly cooperative
perspective. The competitive perspective is represented by Porter and particu-
larly his seminal book “Competitive Strategy” (1980) and by Williamson and his
major contributions on the field of “transaction cost economics” (1975, 1985).
On the other side, the cooperative perspective is shown by Contractor and Lo-
range (1988), who emphasize strongly on the benefits of cooperation and regard
them as sufficient incentive to be not seduced by possible benefits of opportun-
ism.

Co-opetition is described by Dagnino and Padula as a new perspective that
emphasizes on the “partial or incomplete congruence” of interests and goals of
enterprises if they are interdependent. It is regarded as an integrative theoretical
bridge between the competitive and the cooperative perspective that intends to
“rebalance” the respective biases, in order to generate an enhanced understand-
ing of sustained business performance. Dagnino and Padula propose a “theoreti-
cal framework (that is) underlying the co-opetitive perspective”:

1. “Firms’ interdependence is both a source of economic value creation

and a place for economic value sharing”.

2. “Firms’ interdependence is based on a variable-positive-sum game
which may bring to mutual but not necessarily fair benefits to the part-
ners because of several competitive pressures of different nature that
may undermine their co-opetitive structure”.

3. In a variable-sum game structure, firm interdependence is based on
“partially convergent interfirm interests”.

Song (2003) explains the significance of co-opetition in the port industry
with the rationalization efforts of the preceding decade. Many port operators
who previously ran only their local business now extend their business to the
regional or global scale. This becomes possible by cooperating with competitors
in order to reach the critical mass. Song presents as example the ports of Hong
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Kong and South China. As the ports remain independent, they are competitors
despite of cooperation.

Zineldin (2004) recommends to strategy and marketing planners in organi-
zations to consider potential benefits of collaboration and coordination with the
competitors. He claims that “co-opetitive partnerships” are an effective response
to environmental threats and opportunities. He shows possible preconditions for
the survival of a “co-opetitive partnership” and compares it with a marriage. The
participants get to know each other and make a “ceremony”, the signing of the
business contract. Conflicts that can arise must be coped with clear and agreed
mechanisms. However, divorce is always possible.

Luo presents in his book “Coopetition in international business” (2004)
various issues of business relationships between different countries. He regards
co-opetition is a “loosely coupled system in which agents maintain certain inter-
dependence without loosing their organizational separateness”. Luo’s typology
of co—opetition is shown in table 3:

Table 3. Luo’s (2004) typology of co-opetition in dependence of the intensity of
competition and cooperation

Cooperation
Low high

high |Contender: Bargain, chal- |Co—opetitor: compromise, influence
lenge, appeasement

low [Alienator: compliance, cir- |Partner: accommodation, co—optation, adap-
cumvention tation

Competition

He investigates
— “co-opetition with global rivals”,
— “co-opetition with foreign governments” or the

— co-opetition within one multinational enterprise.

He recognizes a simultaneous increase of competitive pressure and desire
for cooperation between multinational enterprises (MNE). Cooperation with a
given rival can facilitate knowledge acquirement, technological progress. In the
context of product innovation or the product introduction in foreign countries it
can reduce costs, risks and uncertainties. In many cases it is too costly or not
possible because of laws for an enterprise to enter a foreign market. In these
cases, cooperation even with a competitor might be inevitable. Luo recommends
“co-opetition groups”, where the collective power of the “global players” (glob-
ally active agents) is solidified towards “outside stakeholders” like home and
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host governments. Concurrently the “competition” helps to dilute anti-trust regu-
lations or anti-monopoly demands.

Luo delves into the relationship between MNEs and foreign governments
and the interdependence in many aspects like resource sharing, market expan-
sion and economic growth. It is the interest of the MNEs to succeed in the mar-
ket while government institutions are “controllers, regulators, clients or adjudi-
cators of private-sector activities. On the other side, governments are (should be)
interested in “maximizing social welfare, which is contingent on efficiency, eq-
uity and social considerations”.

Luo develops ideas referring to co—opetition of dispersed subunits within a
multinational enterprise. He argues that these subunits in different countries are
interdependent in the sharing of resources and knowledge and in the rationaliza-
tion of the value chains. Concurrently they compete for the support by the corpo-
ration, resources, etc. He classifies enterprise subunits “aggressive demander”,
“silent implementor”, “ardent contributor” and “network captain”.

Ren and Shi (2005) expressed the idea that reliance among cooperating
agents determines the degree of cooperation and depends on long period mutual
benefit. That is a comprehensible approach in the modelling of reliance devel-
opment.

Luo (2006) regards the ambivalence of competition and cooperation of en-
terprises that interact on global scale. He introduces four situations that describe
the kind and degree of co-opetition: contending, isolating, partnering and adapt-
ing. Depending on the numbers of global rivals and international markets, guide-
lines for relationship building are developed that include dispersing, concentrat-
ing, connecting, and networking, etc.

Gurnani (Gurnani et al. 2006) focuses on supply chain management. In a
supply chain one enterprise refines or markets a product that another enterprise
has produced. In order to increase the customers’ demands, an enterprise has to
make investments into quality or the reduction of prices. This can be exploited
by the cooperation partner that sees the possibility of suspending own invest-
ments and therefore acts as a free-rider. The authors propose buy-back agree-
ments, quantity and quality commitments and information sharing as counter-
measures.

Gnywali (Gnywali et al. 2006) delves into the advantages and disadvan-
tages of certain positions in networks. Networks are regarded as aggregations of
bilateral links. Enterprises that have more links tend to be more influential and
autonomous. These links can also refer only to particular issues. For instance,
enterprises that cooperate in research & development possibly compete in mar-
keting. 3 types of flows in supply chains are recognized: information, assets and
status. “3 primary levels of analysis” are determined:
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— the industry level, where “patterns” of competitive and cooperative ac-
tivities across different industries are analysed,

— the group level that refers to “competitive groups”,

— the firm level where an individual firm’s competitive and cooperative

behaviour is regarded.

Chen and Fan (2006) analyse the stability of strategic alliances. They try to
find stable solutions by employing game theory in an attempt to develop a theo-
retical basis for strategic alliances. They argue that unplanned changes from the
perspective of one or more partners lead to alliance instabilities, as soon as the
bargaining power shifts. Furthermore, unrealistic goal planning, imperfect im-
plementation or goal dissimilarities of the partners make strategic alliances in
general not stable. However, alliances can bring an advantageous strategic com-
petitive position against the competitors (Porter 1985). Chen and Fan also refer
to the transaction costs economics (Williamson 1985) that emphasizes the nega-
tive effect of opportunistic behaviour in the relationships between business part-
ners.

Schulze and Spiller (2006) investigate the trust between suppliers and buy-
ers in the German pork industry. By making a comprehensive survey over 357
pork producing farmers, they recognize a lack of trust in the relationships to-
wards the processors in the meat industry. They develop a “measurement con-
cept of trust”, where factors that determine trust are developed like management
competence, enterprise performance, goal compatibility, communication and
opportunism.

Lopez-Gomez and Molina-Meyer (2007) build a bridge to population dy-
namics. They claim that “partial cooperation” or an interaction with competitive
and cooperative aspects can lead to an explosive increment of productivity, crea-
tivity, diversity and efficiency after an appropriate time span. On the other hand,
the attempt to evade competition can lead to segregation mechanisms where en-
terprises adapt to specific markets with their properties and regulations and use
spatial heterogeneities, i.e. market boundaries that are caused by distance. Thus,
business networks are described as analogous to ecological systems.

Sierra and Debenham (2007) develop a negotiation model by defining the
five dimensions legitimacy, options, goals, independence and commitment and
combining it to the catchy word “LOGIC”. They give the advice to negotiators
to prepare by analysing their positions regarding these dimensions. Additionally
they introduce two “primitive concepts”: intimacy as degree of closeness and
balance as degree of fairness.

Cheng (Cheng et al. 2008) takes a look at “trust and knowledge sharing in
green supply chains”. The inter-organizational knowledge sharing is investigated
on 288 major “green” manufacturing firms in Taiwan. “Green” symbolizes
strong effort to consider environment protection in the production. The majority
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of the firms is in the industries of electronic components, machinery and chemis-

LIRS 9

try. They recognize “shared values”, “participation”, “communication”, “learn-
ing capacity”, “opportunistic behaviour” and “resource fitness” as the determi-
nants for trust and in consequence for inter-organizational knowledge sharing.

Montgomery (2008) recommends to CEO’s to contemplate more carefully
about enterprise strategy. The strategy depends on the aims of the enterprise.
The aims must be “created and re-created for a company’s continued existence”.
It does not matter how compelling or how clearly defined a strategy is. As cir-
cumstances change, the strategy must be checked and updated permanently. Like
contracts, the strategy cannot be determined completely. Therefore strategy is a
dynamic process and the job of a strategist never ends.

Bojar and Drelichowski (2008) investigate the development of enterprises
in the agricultural industry in many EU member countries, there under Lithua-
nia, Poland and Czech Republic. Despite of the fact that agricultural companies
are competitors, they have various common interests like building up the infra-
structure for production on high quantitative scale, general development of their
rural areas and therefore the obtainment of financial support by the EU. The at-
tempt to increase the common market power compared with other competitors or
in front of customers is a characteristic of the co-opetition approach. Thus, this
paper is thematically close to that of Song (2003).

Another contribution to supply chain management comes from Bakshi and
Kleindorfer (2008). They develop the special case where two agents are con-
nected by a common threat, for instance terrorist attacks or natural hazards. They
try to form contracts to share the risks and losses or to share relevant informa-
tion. A bargaining model is proposed where a demander and a supplier intend to
make a contract. However the demander suspects the potential supplier of ex-
ploiting the situation of insecurity and waiting for a possibility to cheat. This
refers to the concept of “moral hazard” in the new institutional economics
(Gobel 2002). Therefore the demander plans to give an incentive to the potential
supplier to refrain from committing fraud.

Ngo and Okura (2008) investigate privatization and its impact on the level
of competition and cooperation in a mixed duopoly market, where a semi-public
and a private firm meet at a market. They show that the semi-public company is
more concerned about public welfare. The private company exploits that as a
free-rider. The existence of public or semi-public enterprises has positive effects
on the surrounding business networks.

Hu (Hu et al. 2008) proposes an evolutionary model of supply chains (simi-
lar to Lopez-Goémez® and Molina-Meyer’s model of population dynamics of
2007). They compare business networks with many agents, where strictly com-
petitive and strictly cooperative strategies prevail concurrently. They show that
out of the competitive environment rather a situation evolves that is in the mid-
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dle between competition and cooperation and provides the best profit perspec-
tives in the whole system. Hence, in the long run a competitive outset is recog-
nized as advantageous for the whole system in comparison with a totally coop-
erative outset.

Eriksson (2008) recognizes the problem in the Swedish construction indus-
try that contract partners do not have sufficient reliance to behave cooperatively.
In a survey of 87 Swedish construction companies he claims to have recognized
that mistrust prevents cooperation in the way how the transaction cost theory
would predict it. His aim is to demonstrate the companies how to make unbiased
and systematic procurement decisions.

Baumard (2008) gives a comprehensive overview over “learning strategies
in coopetitive environments”. “Correct or cooperative behaviour is listed like
generosity, contrition, signalling of good faith, signalling of conventions, etc.
These determine the “ambiguities and tensions of paradoxical simultaneous co-
operation and competition”. Baumard proposes a typology of “learning strate-
gies”. For instance he understands the TIT-FOR-TAT principle (Axelrod 1984)
as “reciprocal symmetric transparent learning” or the adverse selection (Akerlof
1970; Spence 1973) as “asymmetric open adverse learning”.

Guan (Guan et al. 2009) investigates wireless multimedia transmissions for
many users and the optimal and fair resource allocation. They build a formal
model where they understand the numerical results as evidence that co-opetition
strategies are a good way to adapt to the changes of network conditions or par-
ticipating users and help to achieve better quality of service (QoS), etc.

Sun (Sun et al. 2009) delves into evolutionary game theory as well, in order
to find an “effective co-opetition mechanism of partners within high quality pork
supply chain”. They claim that their model provides 8 factors that influence co-
opetition: cooperation costs, cooperation income, “coefficient of income distri-
bution”, decrease of cooperative risk, “coefficient of risk compensation”, prob-
ability of risk, management scale and “coefficients of either encouragement or
punishment”.

Roy and Yami (2009) investigate innovation in an oligopolistic context
where one firm is dominant and the other ones follow. Therefore the introduc-
tion of multiplex movie theatres in France has been investigated. It is shown that
in spite of the obvious competition among the multiplex theatre companies, co-
operation plays an important role as well, for instance because of common infra-
structure or movie provision, advertising, more acceptance among the audience,
etc.

Gueguen (2009) studies cooperative behavior of companies in the informa-
tion technology industry. He shows the importance of establishing technological
standards and therefore the necessity for competitors to cooperate. As example,
the five “major business ecosystems” of mobile operating systems are compared:



36 1. STATE OF THE ART OF CO-OPETITION AND GAME THEORY ...

Palm, Microsoft, Symbian, Research in Motion (RIM) and Linux. Gueguen
highlights the relationships between and within the “business ecosystems”. The
possibilities are shown of how key agents of rivalling “business ecosystems” can
cooperate.

Schoo (2009) describes the “Ambient Networks Project” that has been im-
plemented 2004-2007 by a consortium of more than 40 companies, among them
industrial enterprises, network operators and academic institutions like the
Fraunhofer Institute Munich, Vodaphone, Nokia-Siemens, Ericsson, the Techni-
cal University Berlin, etc. The project addressed the future generation of mobile
communication systems for voice and data transmission, 4G (4th generation). A
framework has been developed that might allow companies to enter the market
with low structural barriers. This is planned to be achieved by the development
and provision of a comprehensive technological platform that regards authoriza-
tion, availability and security aspects, and is therefore the basis for the provision
of access (availability), applications, contents, etc. Companies that enter this
industry and do not have explicit bilateral agreements can collaborate through
the utilization of “pre-shared keys”, etc.

1.3.2.3. Classification of the co-opetition related literature

The co-opetition related literature is classified according to certain criteria, in
order to assess the respective usability for further research. The first classifica-
tion criteria refer to the kind of contribution (Stein 2010b):

— Contribution to the theoretical foundation and structure of the co-
opetition approach,

— Contribution to special theoretical problems, like technological progress,
the assertion of industrial standards, etc.

— Contribution to a problem solution in a particular industry or supply
chain, like the sea ports in Eastern Asia, the agriculture in Eastern Eu-
rope, mobile communication, etc.

There is the special case of models that use approaches of evolutionary
game theory or the related field of population dynamics (Maynard-Smith 1982).
Though it is a promising field, it is excluded from the analysis, as it uses models
with a high number of individuals and has been barely deployed in economics
yet. In table 4, the publications that refer to evolutionary game theory are
marked with an asterisk (*).

The next classification criteria refer to the use of mathematics:

— Game theory or
— Mathematics aside from game theory.
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The criteria are weighted according to their importance referring the finding
of the frame of co-opetition research. The lowest weight value is 1 and the high-
est one is 4. The theoretical foundation and structure is the major field of re-
search. Therefore these contributions are weighted with “4”. The contributions
to special theoretic problems gain relevance, as soon as there is an accepted
theoretical foundation. It is weighted here with “1”. It is generally important that
the relevance of co-opetition for problems in particular industries or supply
chains is shown. Therefore it is weighted with “2”. As co-opetition is considered
to become an applicable business theory in the spirit of game theory, the game
theory that is used in the publication is weighted with “2”. All mathematics aside
of game theory is weighted with “1”.

Table 4 shows all criteria with their weights. Each publication is evaluated
for each criterion with 1 to 3 points. The points are multiplied with the weights
from table 4 and are summarized, which is shown in table 5.

Table 4. Weights of the co-opetition evaluation criteria (by the author)

Criterion Weight
Contribution to the theoretical foundation and structure 4
Contribution to a special theoretic problem 1
Contribution to problem solution in a particular 2
industry supply chain

Use of game theory 2

Use of mathematics aside of game theory

Table 5 shows that the emphasis of many publications is on the treatment of
special theoretical problems. The solution of problems in connection with par-
ticular industries is less treated. In comparison, the question of the theoretical
foundation and structure is neglected.

Table 5. An overview of publications related to co-opetition with estimation of their
importance (by the author)

Su
Author Year [Issue SITI|I |G M| |m
Weights of table 3:(4 {1 (2 [2 |1
Competitive perspective:
1 |Schelling 1960 |Game theory: strategy of conflict
2 |Jensen 1976 |Institutions: principal-agent theory
Porter 1980 |Competitive Strategy: neoclassical
3 competition and profit maximization
Williamson 1985 |Institutions: transaction cost economics
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Continuation of Table 5
5 |Contractor/Lorange |1988 | Advantages of cooperation
Hunt 1937 |Claim to unify competition and 1 0
7 cooperation 4
Fischer 1992 |IT company Novel’s business 0 0
8 philosophy 2
Brandenburger, [1996 [“PARTS” model, value net, small 1 0 14
o |Nalebuff case studies (book)
Afuah 2000 (Business networks/ technological 0 1
10 changes 4
11 |Levy, Loebbecke |2001 |Knowledge sharing 0 0 5
12 |Bagshaw, Bagshaw |2001 |Case study: outdoor activity provider |0 0 7
Dagnino, 2002 (Incomplete “interest congruence”, (3 0 15
Padula change of perspectives: co-opetitive
instead of purely competitive or
13 cooperative
14 |Song 2003 |Sea port industry 0 0 7
15 |Zineldin 2004 |Co-opetitive partnerships 1 0 6
Luo 2004 (Multinational enterprises and co- 1 0 13
16 opetition
17 |Ren, Shi 2005 |Reliance determining cooperation level |1 2 11
18 |Luo 2006 |Global scale co-opetition 1 0 8
Gurnani, Erkoc, 2006 |Free riders at supply chain investments |1 3
19 |Luo 12
20 |Gnywali, He 2006 |Properties of certain network positions |1 2 12
Chen, Fan 2006 |Stability of strategic alliances, repeat. |1 2
21 games 10
22 |Schulze, Spiller 2006 |German pork industry 0 1 8
Lopez-Gomez 2007 |Partial cooperation with population 1 3
23 dynamics* 11
24 |Sierra, Debenham |2007 |Negotiation model “LOGIC” 1 2 11
Cheng, Yeh, Tu 2008 [Knowledge sharing in Taiwanese 0
25 industries 9
Montgom. 2008 [Advice for CEOs to focus more 1 0
26 on strategy 4
27 |Baumard 2008 |Learning strategies 1 1 11
Bojar 2008 [Agriculture in Lithuania, Poland, 0 0
28 Czech Rep. 6
Bakshi, 2008 (Bargaining with incomplete 1 3
29 Kleindorfer information in supply chains 14
De Ngo, Okura 2008 [Duopoly: private and semi-public 1 2
30 enterprise 12
Hu, Houdet 2008 |“Evolutionary” supply chain, 0 3
31 many agents* 10
32 |Eriksson 2008 [Swedish construction industry 0 0 10
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Continuation of Table 5

33 |Guan, Yuan 2009 |Wireless multimedia transmissions 013 1211 3 12
Sun, Zhang, Lin {2009 |Evolutionary game, pork supply 012 |1l |1 3

34 chain* 9
Roy, Yami 2009 |Innovation in oligopolies, cinemas 011 {210 |0

35 in france 5

36 |Gueguen 2009 |Mobile operating systems 0|1 {310 |0 7
Schoo 2009 [“Ambient networks”, mobile commu- |0 [2 |3 [0 |1

37 nication 9
Legend: * use of evolutionary game theory

Contribution to the theoretical foundation and
S structure

T Contribution to a special theoretic problem
Contribution to problem solution in a particular industry or supply
I chain

G Use of game theory
M  Use of mathematics except of game theory
Most important publications: 13, 9, 29, 16

1.4. Game theory as instrument for the mathematical
formalization of co-opetition models

The object of game theory (Holler 2000; Podvezko 2008) is the analysis of stra-
tegic decision situations, i. e. of situations in which the result depends on the
decisions of more than one decider in a way that the result cannot be determined
independently from the decisions of the others. It is a normative economic
theory where the agent is led to an optimal decision. He is aware of the interde-
pendency and all consequences of all decisions, and tries to act in the best possi-
ble manner, in order to pursue his personal interests. Interest conflicts and allo-
cation problems are the typical issues. Game theory provides a language with
abstract and formal instruments for the analysis and understanding of such situa-
tions.

In the more restrictive definition i. e. by Holler (2000), each agent is aware
of the agents’ interdependency and each one anticipates that all other agents are
aware of that interdependency as well. However many approaches violate this
narrow definition. In figure 9 the structure of the main fields of game theory is
depicted.
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Strategic games: non-cooperative games (1.4.1)
! " “Network games: restricted cooperative (1.4.2.4/5)
I | Coalition games: cooperative games (1.4.2)

Intended but bounded rational behavior

Fig. 9. Structure of main fields of game theory

The preceding definition claims that the agent or in the strict case all agents
are in accordance with the ideal of the rational decider (“homo economicus™).
However due to:

— the complexity of decisions,
— cognitive restrictions or the of lack of contemplation or
— incomplete information,

— humans’ rationality is bounded. That is why in modern game theory the
rationality postulate is weakened to “intended but bounded rationality”
(Simon 1994; Rubinstein 1998).

In the “strategic games” (or non-cooperative games) agents’ strategies are
explicitly analyzed. “Coalition games* (or cooperative games) delve into the
problems of influence and dominance in cooperation relationships that are based
on mutual agreements. “Network games” (or restricted cooperative games) are
the newest direction of game theory and a generalization of coalition games.
Situations where communication is restricted can be analyzed. Despite of the
different formalizations, the fields of game theory are very close to each other.
Coalition games are a special case of network games and only have a separate
formalization due to historical reasons. The strategic games seem to be separated
very strongly (due to formalization), but each coalition or network game has an
implicit strategic game. If agreements are not binding (or the costs of breaking
the agreement are low), the concepts of coalition and network games are in gen-
eral not relevant.

1.4.1. Strategic game theory

Strategic game theory is also called non-cooperative game theory. Though all
fields of game theory are at least implicitly strategic, the non-cooperative game
theory has its own formalization. Figure 10 gives an overview over the fields of
strategic games that might be relevant for co-opetition:
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Strategy:
complete determination of actions for all situations based on available

information

Strategies and strategic games (1.4.1.1.)
— Information Depicted as matrices ar tree diagram
—  Function information —action

Nash-equilibria and refinements (1.4.1.2.)
—  Nash-equilibrium: assumption of all agents’ rationality
Stochastic games: mixed strategies or assumed determinism as
simplification
Sequential games: backward induction
—  Dominant equilibrium: no assumption about other agents’ rationality

Backward induction in sequential and dynamic games (1.4.1.3))
Oligopolies between Cournot-Nash-equilibria and cartel solutions (1.4.1.4.)
TIT-FOR-TAT: unintended cooperation in repeated market games (1.4.1.5.)

Network (special case: coalition) formation (1.4.1.6.)
—  (Component-) Pareto-efficient Nash-equilibria:
Coalition-proof Nash-equilibria
Strong Nash-equilibria
—  Approval of coalition/network formation:
Coalitions: by all participating agents

Networks: by pairs of agents

Fig. 10. Overview over the fields of strategic game theory that may be relevant for co-
opetition

1.4.1.1. Strategies and strategic games

The strategy of agent i, S; is in the sense of game theory a function of the infor-
mation set (all available information) H; on the action set A4;, which delivers the

optimal decision or sequence of decisions. Hence a strategy is defined as (Vega-
Redondo 2003):

s;:H; >A; withVhe H,and s,(h) € A(h) 2.1)

The information is depicted in matrices or a tree diagram with knots and re-
lations. A strategy considers all possible outcomes for all thinkable situations,
even if the probability of occurrence is expected as extremely low. All informa-
tion has to be considered and an agent who intends to play rationally constructs a
stringent decision model.
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A strategic game is a 3-tuple consisting of the players N, the set of all pos-
sible strategy decisions §, and all possible outcomes 7, (Vega-Redondo 2003):
SG = {N, {s.1.4{x, }7:1} with 5, €S, (2.2)

i=0°

1.4.1.2. Nash-equilibria, dominant equilibria and
randomization of strategies

The Nash-equilibrium is a solution that has proven to be a fundamental concept
in strategic games in order to find the right strategy. It results from the mutual
anticipation that all other agents deploy optimal strategies and the rationality of
all agents is “common knowledge”. In the Nash equilibrium no agent has an in-
centive to deviate. The strategy choice is optimal because no agent can achieve
higher outcome by deviating in consideration of the rational decisions of the
other agents. Therefore the following infinite chain of statements is valid:

— every agent acts rationally,

— every agent knows that every agent acts rationally,

— every agent knows that every agent knows that every agent acts rational-

ly,

— every agent ..., etc.

A reaction function defines the assumed reaction of one agent on the as-
sumed action of the other agents. The Nash-equilibrium is a fixed point of (set-
valued) reaction functions formulated by Kukitani (1941). A fixed point is the
intersection of a function with the identity f(x)=x Therefore, if the argument
of a reaction function is a Nash-equilibrium the result is the same Nash-
equilibrium. -i are the respective other agents from the perspective of i. Each

agent selects an optimal strategy Sl.* given the optimal strategies of all other

agents s_;. For agent i the following must be fulfilled:

ui(s;,s:)ZMi(si,s;) Vs,,s; €8, 2.3)

In the case of incomplete information it is not clear how the other agents in-
tend to decide or how external event are going to take place. It is possible to
base the decision on a lottery with weighted alternatives, the “mixed strategies”
(Harsanyi 1967). Another way is to assume determinism as simplification, which
is done in the thesis.

The concept of dominant equilibria as the result of the iterated elimination
of dominated strategies is very similar to the determination of the Nash-
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equilibrium. However the strict assumption that all other agents act rationally is
dropped. Thus dominant equilibria are particularly relevant in games with
bounded rationality. If an alternative is always disadvantageous independently to
the decisions of the others, it is crossed off the list. The iteration is continued in
the residual game. Thus for agent i and the respective other agents i the follow-
ing is valid:
ui(sl.,sﬂ.)z ul.(sl.,sﬁ.) Vs,,s_, €8, (2.4)
The results of the iteration are always Nash-equilibria but are rarer due to
higher requirement (Harsanyi 1988), as shown in figure 11.

Nash-equilibria:
— Assumption that all other agents act rationally

I Dominant equilibria:
! — Result of iterated elimination of Pareto-dominated strategies
! — No rationality assumption about other agents

Fig. 11. Nash-equilibria and dominant equilibria as subset

Therefore dominant equilibria are a subset of Nash-equilibria.

1.4.1.3. Backward induction in sequential and dynamic games

In a sequential game the agents face multi-stage decisions. Dynamic games are a
special case of sequential games. At each stage the respective strategy is depen-
dent on the information set about the future and the previous steps of the other
agents. Sequential games are depicted in the form of a game tree. Important ap-
plications are:

— games with time dimension,

— games with more than two agents or imperfect nature information (Har-

sanyi 1967), when one agent has to wait for the decisions of others.

Then the Nash—equilibrium is determined by backward induction (BI). That
means that the sequential game is fragmented into sub-games and the equilibria
are initially determined for the chronologically last sub-games. Stepwise the
equilibria are identified for the preceding steps until all sub-games are included.
The resulting optimal strategy path is the Nash equilibrium. Figure 12 shows the
backward induction in the cases of

— 1 mass market and 1 supplier,
— 1 mass market and 2 unconnected suppliers and
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— 1 mass market and 2 connected suppliers.
In the case of 2 unconnected suppliers, it is the classical distinction (Be-
sanko 2009) between

— quantity competition (Cournot 1838) and
— price competition (Bertrand 1883).

Network Backward induction

The unique supplier anticipates each possible decision of the demander
and makes his decision based on that.

o
S
__ | The suppliers cannot make agreements among each other or they can-
not benefit from them, what is equivalent. Both suppliers anticipate
each possible decision of the demander and make their decisions based
on that. This may be in accordance to both the Cournot-Nash-
equilibrium that refers to quantity competition (Cournot 1838) and the
Bertrand-Nash-equilibrium (Bertrand 1883) that refers to price compe-
tition.

<

S

The suppliers can benefit from cooperating and are therefore potential

complementors. Both suppliers anticipate all possible decisions of the
demander and mutually compare the benefit of the other’s cooperation.

S M If it is beneficial to cooperate, the suppliers may form a cartel.

Suppliers: S | Mass markets: M

Fig. 12. Backward induction with 1 supplier, 2 unconnected suppliers and 2 connected
suppliers that make their decisions based on the anticipation of the mass markets reac-
tion (Cournot 1838, Bertrand 1883)

1.4.1.4. Oligopolies between Cournot-Nash-equilibria and
cartel solutions

In games where 2 or more suppliers supply a mass market, both suppliers antici-
pate the markets’ reaction. Decisions can be made as mutually best reactions, i.e.
Nash-equilibria or on the basis of agreements, i. e. cartels. The difference be-
tween these both alternatives is the “added value of the cartel”.

Cournot-Nash-Equilibria

Quantity decisions are made by the concurrent maximizations of the profit func-
tions. There are “profit functions” which describe continuously the possible
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profits of an agent in dependence of the decisions of the other agents, assuming
that all agents decide rationally. The profit functions are basically calculated by
the multiplication of the price with the quantity, where the price depends on the
“demand function”, which includes the other agents’ decisions and the variable
costs. Possibly afterwards fixed costs are subtracted as well. Profit functions of
agents in quantity competition with heterogeneous goods and cost functions are
as follows (demand functions are in brackets):

Mg)=(a-q-d*g—a)*q-F Thlg)=(a-g-d*q-c)*q~F 55

These are the relevant variables:

a: boundary market price that leads to a quantity demand of 0;

d. factor representing the effect of a unit that is provided by the competitor on
the demand reduction, i. e. the degree of product heterogeneity, between 0
and 1;

c;: variable costs for S| in the provision of 1 unit;

c,: variable costs for S, in the provision of 1 unit;

F: fixed costs that are incurred with the first provided unit;
p: market price, implicit in the demand function.

In the case of high fixed costs the optimization becomes very complex due
to the fact that there are several boundaries and therefore boundary solutions.

In the optimal point:

— the market price,
— the quantities of all agents and

— the profits of all agents
must not become lower than zero. Here the boundary solutions are not calcu-
lated. It is just checked, whether there are internal solutions for particular pa-
rameters. The calculations are as follows:

oIl —d* G —

5 lza—qu—d*qz—clzjo = QIZM (26)
q, 2

oIl _d*4 —

5 2:a—2q2—d*ql—cz =0 o ézzm (27)
q 2

Cartel solutions

Profit functions of 2 agents in cartel with heterogeneous goods and cost func-
tions (with different cost functions the products have to be heterogeneous, oth-
erwise the supplier with the cheaper production produces everything):
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Mgy =la—(@y +d* @) *q—c *q1 +(a— (g2 +d* @) *qr —c2 * g, (2.8)

STL . -2d*q,. -
cart _ a-2q, —2a’*q2 - =0 < Qlecar = a q92;cart — €1 (2.9)
oq 2
5H , " —2d* 7 . -
cart _ a-2q, -2d*q —c, =0 < G2:cart = a 9;:cart —€2 (2.10)
04, 2

Obviously, the quantities are smaller in the cartel case (cart): Gy.corn <G
and ;... <¢, and the market price is higher. This is similar with the monop-

oly where the profit is higher than in a duopoly, as the demand function is linear.
As they cooperate by agreement, the added value can be calculated and is dis-
tributed. However it is not a common provision of a product or service so that
each agent keeps his own added value. There is not compensation in the sense of
Myerson’s “axiom of balanced contributions”.

Furthermore, cartels are not stable. Each agent has the incentive to deviate
unilaterally. For instance, it can be predicted that cartels do not occur in 1-round

games, as there is no punishment mechanism.

1.4.1.5. TIT-FOR-TAT: unintended cooperation in repeated
market games

Repeated games are a special case of sequential games, where the agents have
the same decision problem in each round. In repeated games cooperation is pos-
sible that is not explicitly intended. Assuming a mass market with quantity com-
petition, where 2 suppliers decide in each round whether they play competitively
or form a cartel. Each agent has the incentive to defect from a cartel agreement,
and to raise his own profit at the expense of the other one.

However, in the successive rounds, the other agent has the possibility to re-
taliate the defection by defecting himself. Cooperative behaviour can be re-
warded by the other agent by his own cooperative behaviour. Therefore each
agent has ambivalent incentive to defect and not to defect from the cartel agree-
ment. This is the principle of the TIT-FOR-TAT models that are applicable in
market games (Tzafestas 2000).

Finitely repeated TIT-FOR-TAT games have theoretical peculiarities in
connection with the so called “end game” (Schuessler 1989): In the last round,
none of the agents is afraid of retaliation. Therefore, each agent assumes that the
other one is going to defect and therefore defects himself. Based on this assump-
tion, the agents do not have any more incentive to cooperative in the penultimate
round and therefore defect as well. Cooperation breaks down from the end to the
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beginning, following the “domino effect”. This is Selten’s “Chain store paradox”
(1978). Therefore, only

— an agent with bounded rationality,
— an agent who assumes the other agents’ bounded rationality or

— an agent who does not have sufficient information about the other agent
or the environment dares to act cooperatively in a finitely repeated TIT-
FOR-TAT game.

Figure 13 shows a TIT-FOR-TAT model, where 2 suppliers are in a quan-

tity competition. Cooperation occurs due to the assumption of other agents’
bounded rationality or incomplete information.

x —x: decisions of supplier 1

0 -+ =.0; decisions of supplier 2

Cartel solution

b % CE LR T WY
X P U

............. n. 4I.I<I>I40.\?.....4.....4.....4.....4.....4....X x n n
Cournot-Nash-equilibrium
(non-cooperative solution in mass market with quantity competition)

——t—— >t

1 2 3 4 5 6 7

Fig. 13. TIT-FOT-TAT model: repeated market game with quantity competition and
bonded rationality, the other’s bounded rationality or incomplete information is assumed
(by the author)

1.4.1.6. Network formation and the special case of coalition
formation

Coalitions and networks can only be formed endogenously if they are mutually
best strategies (Hart and Kurz 1983; Kahan and Rapoport 1984; Joshi 2006; Ray
2007; Sun et al. 2008). If one agent cannot force another one to “agree”, the
agreements must be self-enforcing. Self-enforceability means immunity to de-
viations by single agents or subcoalitions. Pareto-domination (= Pareto-
efficiency) is the precondition for self—enforceability. The outcome cannot be
dominated by other ones. Coalition or network formation is never unilateral.
Networks are aggregations of bilateral links and therefore for each link the both
participating agents have to agree. A coalition is a special case of a network
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where each agent is linked to each other one equally. Oppositely, in order to dis-
band a coalition or network-link, only 1 participant needs to leave. This is shown
in table 6.

Table 6. Necessary agents to form or disband a coalition or network-link

Coalition Network-link
Formation > 2 agents Exactly 2 agents
Disbandment 2> 1 agent 1 or 2 agents

Traditionally, non-cooperative and (restricted) cooperative game theory is
divided by the criterion of whether binding agreements are possible. However in
dynamic setting this border often blurs. Agreements might be binding not more
than over one or few rounds. There can be structural issues or contractual pen-
alty that makes the exit from the coalition or network costly. The crucial ques-
tion in coalition and network games is the stability of agreements (or the possi-
bility of blocking agreements).

Regarding the difficulty of making binding agreements in the long run, two
stability approaches of non-cooperative games become relevant in coalition and
network games. Both are Pareto-efficient Nash-equilibria. They are relevant, if
there is the possibility of forming a coalition or network with at least 3 agents:

— the strong Nash equilibrium,

— the coalition-proof Nash equilibrium.

Aumann (1959) defined the “strong Nash equilibria” (SNE) as follows:
“An equilibrium is strong if no coalition, taking the actions of its complement as
given, can cooperatively deviate in a way that benefits all of its members”. In
opposite to usual Nash equilibria, the strong Nash equilibrium regards the possi-
ble deviations of all conceivable coalitions instead of single agents. However
that approach has two important weaknesses. Firstly, the criterion is too strict so
that the SNE rarely occurs. Secondly, the subcoalitions that decide to leave the
coalition do not care anymore about self-enforcement (and actually need a bind-
ing contract). Bernheim/ Peleg call this “internal inconsistency”. They define
“internal consistency” as the judgment of the validity of deviations by the same
criteria the original agreement is judged.

Therefore Bernheim and Peleg (1987), Bernheim and Whinston (1987) pro-
posed the coalition-proof Nash-equilibrium (CPNE). They define: “An agree-
ment is coalition-proof if and only if it is Pareto-efficient within the class of self-
enforcing agreements. In turn, an agreement is self-enforcing if and only if no
proper subset (coalition) of agents, taking the actions of its complements as
fixed, can agree to deviate in a way that makes all of its members better off”. In
other words, a coalition-proof Nash-equilibrium cannot be attacked by a Pareto-
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superior subcoalition that cannot be attacked by Pareto-superior subcoalitions
themselves. That means internal consistency. In comparison to the strong Nash-
equilibrium it is less restrictive, because internal consistency of the deviating
subcoalition is a restriction on the restriction as shown in figure 14.

The CPNE has properties that make it very interesting in the context of coa-
lition and network formation:

— CPNE coincides with Pareto—efficient solutions that are dominant equi-
libria (Moreno and Wooders 1996).

— CPNE almost always exist (Moldavanu 1992).

CPNE cannot be Pareto-dominated and at the same time it is not demanded
that the other agents act rationally. Nouweland (2003) argues that CPNE always
exists if a game has the property that additional agents always bring additional
profit (superadditivity). However though this demand is relatively weak, it is not
always fulfilled either.

Pareto-efficiency: N=2
no Pareto-dominance by other Nash-equilibria

1

i Coalition-proof Nash-equilibrium N=3
1 L L . .

i deviating subcoalition must be internally consistent

I P . . .
 (restriction is restricted, thus less strict)

! coincides: Pareto-efficiency + dominant equilibrium
1

1

1

1

1

1

e T T T T T T
1 Strong Nash-equilibrium N>3

1 .. L. . e

. deviating subcoalition can be internally

| inconsistent (strict restriction)

Fig. 14. Non-binding agreements: relationship of Pareto-efficient NE, strong and coali-
tion-proof NE

In the following chapters, the stability of binding agreements is only com-
pared with the stability notion of coalition-proof Nash—equilibria, where it is not
necessary that the agreement is binding, i. e. that it is protected by a super—
ordinate institution.

1.4.2. Coalition and network game theory
The fields of coalition games focused on the one hand on
— the possibility and
— the stability
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of sets of allocations. On the other hand they focus on rules that determine the
allocations exactly. In this paper the transferability of utility between the agents
without losses is assumed (TU-games). Aumann (1961) defines the following
preconditions for utility transferability:

— Utility is linear and divisible,

— There is an accepted medium (money) (Bergstrom and Varian 1985).

The generalized assumption of non-transferable utility leads to highly more
complex games (NTU-games) but is not regarded in this paper.

The main feature of cooperative game theory or coalition and network
game theory is that binding agreements are made (Wiese 2005). The contracts
the agents make are asserted by a higher-ranking institution, usually the state.

Agents that are connected by contracts, form a “coalition”. Coalitions do
not eliminate the agents as individual decision makers but act as “representative
agents” for the agents. Coalitions can be instances of institutions like supply
chains, cartels, syndicates, trade unions, political parties, etc. However, they are
ordinarily modelled in a neutral sense, without institutional implications.

A coalition game CG=(N,v)contains a non-empty set of agents and a
characteristic function v that assigns outcomes to all possible coalitions (Wiese
2005). v is a correspondence (set-valued function) between finite partly ordered
sets (Peleg and Sudholter 2003):

v: Powerset(N)=2" >R, (2.11)

Thus characteristic functions of three agents have the following structure:

W(Powerset(3)) = ({4} (B {C ;{45 B}, {4; Cl {B; Cl 1 4; B; CY) (2.12)

It is convenient and usual to normalize the outcomes of 1-agent-coalitions
to O:

W(Powerset(3)) = (0:0:0; {4; B); {4; C}; {B; C}; {4; B; C}) (2.13)

Figure 15 gives an overview of coalition games:
— characteristic (coalition) functions,

— games with balanced cores,

— games with empty cores.
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Coalition
representative player as result of binding agreement

Characteristic (coalition) function: (1.4.2.1.)
values of allsubcoalitions (components) of N players: 2" —R

—  Possible properties: supetadditivity, convexity, balancedness

—  Impulation sets: individual rationality, Pareto-efficiency

—  Dynamic setting: problem of time-inconsistency of agreements

Stability notions of coalitions and profit distribution rules

Games without stable grand coalition: (1.4.2.3)
—  properties: grand coalition not stable, core does not exist (empty), stable
ubcoalitions exist

Allocation set: PCore, Maschler-Aumann-Bargaining ser M

—  properties: individual rationality, component-Pareto-efficiency,
influence by subcoalitions/ outside-options

Profit distribution rule: Aumann-Dréze-rule

—  properties: component-Pareto-efficiency, balanced contributions, no out
side option

Games wit stable grand coalition: (1.4.2.2)

Allocation set: core
—  properties: Individual rationality, Pareto-efficiency,
influence by subcoalitions/ outside-options
Profit distribution rule:
— if characteristic function convex: Shapley-rule
(properties: Pareto-efficiency, balanced contributions)
— if characteristic function not convex: Aumann- Dréze-rule

Fig. 15. Coalition games (with transferable utility): characteristic coalition functions,
stability notions, profit distribution rules for games with and without stable grand coali-
tions

As it is assumed in coalition and network games that higher-ranking institu-
tion assert the agreement (self-enforceability is not required), the stability notion
is less strict than the non-cooperative games (CPNE, Aumann’s strong equilib-
rium).

1.4.2.1. Characteristic functions

Characteristic functions capture the potential worth of each coalition or subcoali-
tion of agents in a single numerical index. The values can be interpreted as the
outcomes of optimal strategies of agents that make binding agreements. There-
fore strategic games can be regarded as implicit in coalition games. The difficul-
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ties of the strategic interdependence or of the transactions themselves are sepa-
rated or eliminated. In chess, for instance if the characteristic function would be
known, it would simply state “white wins (value: 1)”, “black wins (value: -1)” or
“draw (value: 0)”. Therefore the characteristic function is a collection of pre-
solutions.

In a coalition game not all agents necessarily cooperate. There can be con-
currently several coalitions that together form a coalition structure CS (synonym:
partition). In that case the single coalitions are subcoalitions (synonym: compo-
nents). In the special case that all agents cooperate and the coalition-structure
consists of one component it is called “grand coalition”. Traditionally, in the
coalition games, the components of a CS do not overlap and are non-empty.
However, this assumption is not valid in the more general network games.

If a coalition game has a coalition structure with more than one subcoalition
it is a proper CS. As the agents decide individually rational, the notion of Pareto-
efficiency is modified to the more general “component-Pareto-efficiency”. In the
case of only 2 connected agents (bilateral) it is the “link-Pareto-efficiency”. It
means that Pareto-efficiency is only achieved inside the subcoalition. In general
individual rationality does not imply the wish of overall welfare.

The left Hasse-diagram (picture of a power set) in figure 16 depicts all pos-
sible subcoalitions for three agents in the form of a half-ordered closed combina-
torial structure (Bilbao 2000). The right Hasse-diagram shows all possible and
coalition-structures for three agents.

The rows in the both Hasse-diagrams in figure 16 are interpreted as follows:

— First row: the “grand coalition” is shown. All three agents appear at the
market as one representative agent (monopoly, cartel, etc.). It is thinka-
ble that a single agent or subcoalition blocks or raises an objection. The
partition is of one component and is therefore not proper.

— Second row: on the left side all 2-person coalitions are shown. On the
right side all three possible {2-1}-agent partitions are shown. As the par-
titions have two components they are proper. Each {2-1} partition is
possibly dominated by a grand coalition, blocked by a 2-agent subcoali-
tion or one agent out of the 2-agents’-component.

— Third row: these are “single-agent-coalitions” as the number of compo-
nents equals the number of agents. Such a partition implies a strategic
game without binding agreements.

— Lowest row: The empty set has the value 0. There are no exceptions.
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{Sub-) Coalitions Coalition-Structures
(components) (Partitions)
1L.row {A.B.C} TAB.C}

AL CHB}T
{{AB}{C}} {{B.CHA}

{{AMHBHCH

4. 10W 1G9y

Fig. 16. Hasse-diagrams for 3 agents (left: all (sub-) coalitions; right: all coalition struc-
tures)

An imputation set (synonym: budget constraint) contains all Pareto-efficient
allocations of a particular coalition. A characteristic function contains the values
(total outcomes) of all possible coalitions or subcoalitions. Thus, imputation sets
fulfil the minimal rules:

— individual rationality,

— Pareto-efficiency.
An imputation set is formally:

[.set:{erRN:XiZVi;i_{A;B;C}} (2-14)

()

Geometrically, an imputation set is an (N-1)-dimensional simplex (N: num-
ber of agents). A simplex is an n-dimensional generalization of a triangle. For
instance, 4 cooperating agents in a TU-game have an imputation set in the form
of a tetrahedron (3 dimensions) in a 4-dimensional space.

Figure 17 shows examples with 3 agents (all variants with 2 agents are in-
clusive). The three lines under the triangle represent the respective budget con-
straints / imputation sets for the 2-agents coalitions {4; B},{4;C},{B;C}. These

lines (2-simplexes) are delimited by the axes due to the individual rationality
(each agent obtains 0 without cooperation). In the case of 3 agents the imputa-
tion set is a triangle (3-simplex in R’). That triangular 3-person imputation set is
above the 3 2-person imputation sets. This is because in this example all agents
together can achieve more profit than two agents alone (superadditivity). At the
edges, one of the three agents does not obtain anything from the profit. Further-
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more, in the corners one agent obtains everything and the other two nothing.
Usually this 3-persons imputation set is depicted as projection triangle, where
the origin of the coordinate system is exactly in the middle of the image, as
shown in the next chapters.

{AMB}{C))=0
{A

Fig. 17. Imputation sets of a superadditive and balanced characteristic function with 3
agents for all 2-agents’ subcoalitions and the core (by the author)

Three important properties of characteristic functions in the context of
dominance or blockings are:

— superadditivity,

— balancedness,

— convexity.

Superadditivity means that the total profit increases monotonously if new
agents enter the coalition. The imputation sets in figure 17 result from a super-
additive characteristic coalition function with 3 agents (because the triangle is
above all 2-agents imputation sets). Formally expressed that means for all sub-
coalitions R,S < N, if the coalitions do not overlap:

W(R)+v(S)<W(RUS) (2.15)

Balancedness is crucial for the dominance of the “grand coalition” over the
subcoalitions. The following relation ensures balancedness:

v(N)Z( ! )xZi:v(N\j) (2.16)

N_l j]

With a balanced characteristic function the “grand coalition” provides a
higher value than the “sum of all coalitions where 1 agent is missing, divided by
the number of these”. Then it is possible in at least one point to form a grand
coalition in a way that it cannot be blocked by any subcoalition (or single agent).
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In characteristic functions with 2 agents balancedness is identical with superad-
ditivity. In the case of 3 agents, superadditivity is implied. Balancedness has the
following condition:

W4 B:C) > W(4; B)+v(4;C)+v(B;C) (2.17)
2

In the case of 3 agents the denominator has to be 2, in order to provide the
threshold for the stability of the grand coalition. If the threshold is not reached,
one of the 3 subcoalitions v(4; B), v(4;C) or vw(B;C) are able, i. e. as intended
rational agents are going to block the grand coalition and divide the profit
among themselves.

Convexity of a characteristic function means that the larger a coalition the
higher is the marginal contribution of any entering agent. Convexity implies su-
peradditivity but goes one step further (Topkis 1998). If a new agent enters the

coalition, all agents in the coalition benefit. A coalition game (N , v) is convex if
for all (sub-) coalitions S, S" with S < S' the following is fulfilled:

WS W)= u(S)<(S"ui) - (S") (2.18)

In order to illustrate superadditivity, balancedness and convexity, four ex-
amples of characteristic functions are given:

v =(0;0;0;40;60;50;0) (2.19)
v = (0;0;0;40,60;50;65)
v = (0;0;0;40;60;50;75)
v = (0;0;0;40;60;50;120)

The characteristic function 1 is not superadditive because the “grand coali-
tion” provides a profit of 0. Therefore balancedness and convexity are disproved
as well. Example 2 is superadditive, what means that the grand coalition pro-
vides the highest value. However as it is not balanced, the grand coalition is
dominated by subcoalitions. Example 3 is superadditive and just balanced.
Therefore there is exactly one profit distribution where the grand coalition can-
not be dominated. Example 4 additionally fulfils convexity. Everyone has be-
come better off by the entering of the last missing agent.

In convex characteristic functions network effects (or network externalities)
occur. For instance, the more people use a technology, institution or standard
(phones, industrial norms, virtual markets, etc.) the more utility arises for each
single user.
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Repeated coalition games are a sequence of static games whose value is de-
termined by the (discounted) stream of payoffs. The characteristic function is
time-separable, i. e. the agents are aware and are able to recognize their valua-
tion of the game at any point of time. These are the sequences:

— sequence of characteristic functions:

1 T
O)

— sequence of coalition games:
(cG' (v V)...,ca" (N

For instance, agents conclude a binding agreement in order to accumulate
capital over several periods. Furthermore discounting can be considered after the
principle of net present value (NPV).

If coalition games are repeated, the problem of time-inconsistency becomes
important. Changing environment, bounded ability of contemplation and incom-
plete information cause permanent changes in preferences. The stability notion
of CPNE is relevant, if the agreement is not perfectly binding. This paper re-
stricts on time-inconsistency in games with non-balanced characteristic function
so that there exists an excluded agent that represents the outside option.

1.4.2.2. Games with stable grand coalition: dominance, profit
distribution

The core is the set of possible outcomes for a grand coalition that cannot be
blocked by any other coalition or agent (Bhattacharya 2004; Kranich et al.
2005). It is the most important stability or dominance notion for grand coalitions
(Jain and Vohra 2006). It is always a subset of an imputation set (as shown in
figure 17) and therefore at least fulfils its rules “individual rationality” and
“Pareto-efficiency”. Additionally, as the Russian mathematician Bondavera
(1963) and Shapley (1967) have shown, the core exists if and only if the charac-
teristic function is balanced (formula 217, Bondavera-Shapley-theorem). The
core is defined as follows:

Zies X; = v(S)VS e2™\ {empty_set}
Core=qxe ™ i={4B;C] (2.20)

X

The first line of the equation (2.20) shows that the summarized profit of all
agents has to be higher than of any subcoalition, and cannot be blocked by any
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of them. Therefore the core only refers to the grand coalition. The last line de-
fines the efficiency of the distribution.

Profit distribution rules provide or propose a certain distribution that fulfils
certain criteria (axioms) like Pareto-efficiency or fairness (Holler and Owen
2001). They can be used to predict negotiation results. Common synonyms for
“profit distribution rules” are:

— allocation rules (values),

profit division rules (values),
— decision rules (values),

— power indices.

Usually these values depend on the relative power of the agents. Therefore
the total outcome of the game is compared with the total outcome it would have
without the agent what is called the “added value” or the “contribution”:

Added value/contribution of player i = (2.21)
Value(coalition with i) — Value(coalition without 7).

Power is also caused by threats. Then the “contribution” consists of not im-
plementing the threat in comparison with implementing.

The most popular profit distribution rule in literature (Shapley 1953) that
depicts relative power is the Shapley-rule Sk (for grand coalitions). In order to
keep the nomenclature consistent, it is called in the thesis “Shapley-rule”. It as-
sumes that the agents do not know ex ante in which order the grand coalition
will be formed and that they are risk neutral. It is defined as follows:

it
Shi (V) = ngv\{i} ‘ ‘

n—|S|-1})
LEUANE
! (2.22)

The squared brackets on the right side represent the added value in the
sense of equation (2.21). In the Shapley-rule all possible orders of “entering the
coalition till the grand coalition is established” are decomposed by combinatory.
The added values of each agent by entering a coalition are summarized and are
put into relation with each other.

There are several equivalent axiom systems for the Shapley rule. Two im-
portant systems are presented here. The first one is the original proposition by
Lloyd Shapley, the second one by Roger Myerson. Shapley (Winter 2001) de-
fines the axioms ‘“Pareto-efficiency”, “symmetry”, “linearity” and “dummy
agent”. Pareto-efficiency determines that the complete outcome is distributed
among the agents. Symmetry is the fairness condition that was firstly written
down by Aristotle (Stanford Encyclopedia of Philosophy 2007). The relative
outcome of each agent only depends on the relative contribution. Linearity as-
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sures the invariance to linear transformations and the dummy agent axiom de-
termines that those agents who do not contribute anything to the common profit
do not obtain anything of it. Only the Shapley-rule exactly fulfils there require-
ments.

However there are other equivalent axiom systems that yield the Shapley-
rule. Roger Myerson has proposed a rule for games with communication restric-
tions and has shown that the Shapley-rule is a special case. His axiomatization of
the Shapley-rule has two requirements (Myerson 1980):

— Refinement of Pareto-efficiency: valid for N and all subsets of N

— Balanced contributions.

Thus in the case of 3 agents, not only the total outcome is distributed, but
also the distribution among all pairs of agents is component-Pareto-efficient.
The refined Pareto-efficiency axiom is:

Forall Sc N: ZShi (v)= v(s) (2.23)

ieN

The axiom of balanced contributions means for the grand coalition or a
subcoalition that the cutback of outcome for each agent is equal, independent
from which agent exits. Myerson describes it as the “equality of withdrawal
threats”. Forall S < NV :

Sh,(US)) = S, (S \ 1)) = Sh, () = Sh, (S \ (1)) (2.24)

For the stability (= non-blockability) of allocations that are determined by
the Shapley-rule it is important to distinguish whether the characteristic function
is convex or not (Shapley 1971). If the characteristic function is:

— convex: the Shapley-rule lies inside the core,

— non-convex: it lies outside the core.

Therefore only with convex characteristic functions the Shapley-rule pro-
poses an allocation that cannot be blocked by subcoalitions.

Despite of the wide applicability the Shapley-rule has its limitations. These
are:

— It can be regarded as a recommendation for fair division. However it
neglects the crucial questions of stability and dominance (that are cov-
ered by concepts like the core).

— Profit is only distributed among grand coalitions, when no subcoalition
is able to block.

— It is calculated before the grand coalition started to form (ex ante rule).

— It is assumed that the agents care about the order of coalition entrance
they do not know it and are risk neutral.
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— In the original version the utility is transferable and the distributed good

is homogeneous.

Now three examples are given to illustrate the relationship between the core
and the Shapley-rule in the case of balanced characteristic functions. These can
be snapshots of a dynamic game where formerly made agreements become time-
inconsistent:

(6" )G (2 )G (V)
(right)

In the left image of figure 18 the characteristic function

v' =(0;0;0;20;15;10;30) (2.25)

is given. The last value 30 is the common profit that can be allocated with the
restrictions of the imputation set. It determines the size of the triangle. A subcoa-

lition {A;B } achieves 20, {A; C } achieves 15 and {B; C } 10. In all points of the

imputation set each agent contributes to the common profit. However at the
edges the agent of the respective opposite corner is excluded from profit distri-
bution. Therefore the edges represent the 3 possible (2-agents) subcoalitions. At
the corners, one respective agent gains everything, and is therefore a dictator.
The core contains all profit distributions that cannot be blocked by subcoalitions.
However the lighter areas are not stable because they can be blocked. The
Shapley value proposes a “fair” division of the total profit into (12.5; 7; 10.5)
before the agents have started to enter the game. As the Shapley-rule lies in the
core, the game is convex and a stable and fair profit distribution is possible. The
middle image of figure 18 the characteristic function

v? =(0;0;0;20;15:10;25) (2.26)

is depicted. The grand coalition profit is decreased to 25. Therefore the imputa-
tion set triangle is smaller than in the left image. The core is relatively small be-
cause the agents A and B can almost achieve the grand coalition profit without
C. The function is not convex so that the Shapley-rule lies outside the core. It

can still be profitable all if C enters the {A; B }-subcoalition, but C cannot expect

a “fair” solution (that is based on “balanced contributions”, Shapley-rule, etc.).
The right image of figure 18 shows the characteristic function.
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(0; 0; 30) Coalition Values
C
AB 20
AC 15
BC 10
ABC 30
Core O Shapley-rule
Shapley— e (12.5; 10 7.5)
R U N A 12.5
30; 0; 0 0; 30; 0 B 10
(30: 0; 0) 0 1 0) C 75
(0; 0; 25) Coalition Values
C
AB 20
AC 15
BC 10
ABC 25
Shaplea—rule (10.8; 9.3; 5.8) Shapley-rule
vv A 10.8
A B
25; 0; O 0; 25; 0 B 9.3
(25;: 0; 0) 0 1 0) C 58
(0; 0; 20) Coalition Values
C
AB 20
AC 15
BC 0
ABC 20

Shapley rule (12.5; S5; 2.5) Shapley-rule

O A 12.5
A Core {line) B B 3
(20; 0: 0) (0;: 20:; 0) C 25

Fig. 18. Convex characteristic function with Shapley-rule inside the core (left), balanced
non-convex characteristic function with Shapley-rule outside the core (middle), balanced
non-convex characteristic function with edge-core, participation of agent C irrelevant

v =(00;0;20;15;10;20) (2.27)

As the whole core is at the edge, all profit distributions inside the core are
also stable for the subcoalition {A;B } However, only coalitions where agent A
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participates make profit. If there is already the subcoalition {A;B }, C can join

but neither brings harm nor utility, so that each attempt of C of participating in
the profit division can be blocked. On the other hand if B claims a share that is
>5, C can block it as well, so that despite of being “excluded”, C has tremendous
power on the profit distribution (outside option). Thus it is a peculiar case that
the core or elements of the core lay at the edge, where it does not matter whether
the grand coalition “officially” exists as it is equivalent to an according 2-agents-
coalition (2 agents can make a stable agreement without officially leaving the
grand coalition).

The change of the characteristic functions over the time leads to time-
inconsistency of agreements. Both:

— stability, fairness and

— the bindingness of the agreement,
are challenged. Hence, if the costs of breaking the agreement are “sufficiently
low” the stricter notion of stability of non-cooperative games (i. e. CPNE) has to
be investigated.

1.4.2.3. Games without stable grand coalition (empty core):
dominance and profit distribution in games with coalition
structures

If the core is empty, each grand coalition can be blocked by subcoalitions. Coali-
tional games with proper coalition structure come into the focus. Casajus and
Tutic (2007) propose the “partition core” (PCore), a generalization of the core
for coalition structures. An important profit distribution rule for games with coa-
lition structures is the Aumann-Dréze-rule (Aumann and Dréze 1975).

An approach that is very close to the PCore and is well investigated is the bar-
gaining set M that was introduced by Maschler and Aumann (Davis and
Maschler 1962; Aumann and Maschler 1964). It is a generalization of the core
but provides information about the stability of the profit distribution if the core
is empty. In the context of the bargaining set, a negotiation is described as a se-
quence of objections and counter-objections. It is regarded as a kind of stability
when no objection (that is not neutralized by counter-objections) is made against
a certain profit distribution. The objection can also be made by any subcoalition
of agents so that concept of strong Nash equilibria is implicit in the bargaining
set M (thus CPNE implicit as well). In the case of convex characteristic func-
tions the core and the bargaining sets are identical (Peleg and Sudhélter 2003).
The bargaining set M is the set of stable coalitionally rational payoff configura-
tions with the



62 1. STATE OF THE ART OF CO-OPETITION AND GAME THEORY ...

— payoff configuration: (S , x) and

— coalitional rationality:
Zx,. >y(S)forall Sc N (2.28)
ieS
However, the disadvantage of all PCore approaches is that the does not ex-
ist any general solution algorithm yet, so that only particular problems can be
analyzed in a structured way. Hence, in general it is not possible to state the
complexity class of calculating a PCore. Only if it is specified in a way that the
calculability is assured, complexity does not exceed NP-completeness.
The Aumann-Dreze-rule implements a Shapley-rule like calculation within
a “productive” (2-agents’) subcoalition. In a coalition structure with 3 agents
where A and B are productive €S = {{4; B{C}}, the profit is distributed compo-

nent-Pareto-efficiently and in a balanced way (in this case equally) between A
and B. That means that for {A; B } as the productive component:

AD,(({4; B)) = ({4; B}) (2.29)

[e{A;B}

is valid. Thus, the subcoalition profit is distributed as follows:

Aumann — Dréze— rule = (V({Az’B}) s v({Az, B}) ,OJ = (%,%,0) (normalized) (2.30)

The Aumann-Dreéze-rule is a generalization of the Shapley-rule because in
the case that the productive subcoalition is the grand coalition, both profit distri-
bution rules are identical.

In the following example with 3 characteristic functions (i.e. dynamic set-
ting), which is shown in figure 19, the grand coalition is forbidden. The bargain-
ing set M is similar in this case with the edge-core of the right image of figure
18. The left image of figure 19 shows the characteristic function:

v, =(0;0;0;20:15;0;0) (2.31)
If the partition {{4;C}{B}} is formed, firstly all payoffs that fulfil

({4;Cl(x,,015—x,)) with x, € [0;15], are candidates for an agreement be-
tween A and C. However the agents A and B can bring the objection (that cannot
be countered):
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Coalition values

No grand coalition

AB 20
(xXs,-—, xc) (-, xm, Xc) AC 15
BC 0
ABC 0
. Aumann-Dréze-rule
Mo grand coalition
A 10
B 10
A AD-rule C 0
Ad-bargaining-set (X, X8, —)
C Coalition values
AB 20
(xXa,-— , Xc) (- . XB, X¢) AC 20
AD-rule BC 0
ABC 0

2 Aumann-Dr¢ze-rule

A 10 | 4 | 10

(XA, XB, -— )

ADorul B 10 | B 0
~~° C 0] Cl1o
Ad-bargaining-set (point) (Xa, xB, —)
c Coalition values
AB 20
(xa,— , Xc) (— . X8, Xc) AC 40
AD-1ul BC 0
- ABC 0
. Aumann-Dr¢ze-rule
No grand coalition
A 0
Af-bargaining-set B 20
A B C 20

Fig. 19. Cases of bargaining set M (no stable grand coalition), Aumann-Dréze-rule not
stable against blocking by {B; C }-coalition (left, eq. 2.31), B and C of equal power, 2

Aumann-Dreze-rules that are both not stable (middle, eq. 2.32), Bargaining set M with
stable Aumann-Dréze-rule (right, eq. 2.33)
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({4: B} (x,.20-x,,.0)) with x, €[0;20]

Therefore no coalition between A and C is stable in the sense of the bar-
gaining set. If the partition {{4; B}{C}} is formed, the candidates for an agreement
between A and B are:

({4 B (x ,,20—x . 0)) with x, €[0;20].
The agents A and C can only bring the objection (that cannot be countered):
({4 CY(x,.005—x,)) with x, €[0;15].
Thus the remaining M-bargaining set is:
({4; Bl (x,,,20-x,,.0)) with x, e[15;20].
The middle image of figure 19 shows the characteristic function
v, = (0;0;0;20;20;0;0), and the right image shows (2.32)
v, =(00;0;20;40:0:0) (2.33)

In the case of v,, B and C give A the same proposal. B and C bid against

each other till A gains the complete profit. In v, C has the better proposal, but
the possible outcomes are influenced by B.

The bargaining set with prohibited grand coalition considers the outside op-
tion because it is influenced by the excluded agent. Profit distributions inside the
bargaining set are also stable in the sense of CPNE. Due to the fact that the
Aumann-Dreéze-rule generally is not part of the bargaining set M, solutions that
are based on the Aumann-Dréze-rule are in general not stable.

1.4.2.4. Network games: dominance and profit distribution in
games with link restrictions

In coalition games it is the classical hypothesis that all coalitions of agents are
possible without restrictions and the intensities of the connections are identical.
However, that is a simplification that often is not justifiable. The formation of
coalitions might be restricted due to structural issues, laws, culture, ideology,
etc. For instance one agent can be a business partner of two agents. However
these two other agents are not connected among each other. This generalization
leads to the field of “restricted cooperative game theory” or “network games”,
introduced by Myerson (1976), Aumann and Myerson (1988).
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Network games NG = (N ,V, g) are based on non-directed graphs where bi-

lateral links between the agents are united to networks. In the dynamic setting it
is:

NG' =(N,V', g),...NGT =(N,v", g) (2.34)

As shown in Table 7 the number of possible subnetworks g (excluding the

empty network) for N agents is 2", Therefore it is identical with the number
of possible subcoalitions.

Table 7. All possible networks with 3 agents based on bilateral links

Agents (Sub-) networks g
3 {{aBKAC}H{BC}} (coalition game)
{laBRlac ttaBiiBcl | flackacy
2 {4B} {ac} {BC}

Coalition games are the special case where all agents are connected with

. " . -1 . .
each other, i. e. coalitions are networks with % links for N agents (in

Table 2: 3 bilateral links with 3 agents). Restrictions are the crucial feature of
network games. In order to describe a network, it is necessary to define
— the characteristic (network) function and

— the restrictions

The information about the restriction is usually given by the maximally
formable network (here: max-network). For instance, if the connection between
B and C is forbidden, the “max-network” is:

g =1{4B,AC} (2.35)

The matriod in figure 20 depicts that such a restriction has tremendous im-
pact on the possibilities of network formation. The rows of the matroid represent
the numbers of bilateral links. In the

— 1. row: there are 3 links, all agents are connected with each other, grand
coalition (S = N), corresponds to a typical coalition game.

— 2. row: only the 2-link network {{4B}{4c}} is possible, if all agents are
involved

— 3.row: {AB } and {AC } are possible, corresponds to subcoalitions.

— 4. row: empty network, the game is purely non-cooperative.
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Graphsin the restricted came with the network: JAB.ACE

C

Links allow lﬁl? ; * Link forbidd
mls allowed \ & Link forbidden
‘\
Al B

Shapley value relevant \K(_n and coalition (icubldden)

3-link networlkk

My erson value 1‘elev-ﬂn$--

2-linknetworkrra . B1{A : C

1-link network

“Lanle forbidden

Empty networl
Value=0

4. row

Fig. 20. Impact of restriction on possible networks with g = {AB, AC } (by the author)

Thus, network games have the possibility of depicting the interaction be-
tween 3 agents much more precisely than the (traditional) coalition games.
However this precision is bought by tremendously higher computational com-
plexity. Many concepts of network games are deep in the complexity class “NP-
hard” (Pin 2005).

Basically, all concepts of coalition games can be generalized to network
games. However, that field is in its pioneer phase, literature is still sparse and
fragmentary. Recent development has been triggered by Jackson (2003 a, b),
Bilbao (2000), Jackson and Nouweland (2003), Demange and Wooders (2005).
Just in 2008, a generalization of the concept of the core (Zhao 2008) has been
proposed. Such contemporary contributions can be regarded as introductory and
exemplify the immaturity of network games.

Figure 21 shows the approaches of network games classified by the prop-
erty of balancedness of the characteristic network function. Therefore it is fur-
thermore assumed that utility is transferable.
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Network: aggregation of bilateral coalitions

Characteristic network functions (Myerson functions):

values of all allowed subnetworks
—  Dynamic setting: problem of instability of agreements due to
time-inconsistency

Stability notions of networks and profit distribution rules

Games without stable restricted grand coalition:
—  properties: network-core does not exist (empty),
stable subnetworks exist, outside option

Profit distribution rule: Myerson-rule for coalition structures

— properties: link-Pareto-efficiency, balanced links, no outside option

Games with stable restricted grand coalition:

Allocation set: network-core
—  properties: individual rationality, link-Pareto-efficiency,
influence by subnetworks, but no blocking

Allocation rule: Myerson-rule
— properties: link-Pareto-efficiency, balanced links

Fig. 21. Network games as generalization of coalition games (with transferable utility),

characteristic network functions, stability notions, profit distribution rules for games

with and without stable restricted grand coalitions

Characteristic network functions (Myerson functions)

The characteristic network functions (Myerson functions) define the values of all
possible networks and are determined by the single bilateral links with g and an

arbitrary network with S ¢ N agents:

v = ZV(link)

linkeg,

(2.36)

In a characteristic network function, each possible (sub-) network obtains a
value. Due to the enormous amount of possibilities and the tremendous com-
plexity, this paper restricts on the example of characteristic network functions
with 3 agents and 1 forbidden link (here between the agents B and C). This is an

example of a balanced characteristic network function:



68 1. STATE OF THE ART OF CO-OPETITION AND GAME THEORY ...

0;181 <1
. |60;g=1{4B} (2.37)
Y617 40, g = {4C)

80;g = {4B, AC}

Restricted grand coalitions: balancedness and Myerson-rule as profit dis-
tribution rule

As in the coalition games, balancedness is the precondition for the existence the
biggest possible network with restrictions, the restricted grand coalition. The
referring stability approach is the “network-core” (Zhao 2008) that is a core with
restrictions, (very similar alternative: “pairwise stable network”, Jackson and
Nouweland 2003). A profit distribution in the network-core is stable because it
cannot be blocked by subnetworks (or single bilateral links). The network-core
is a generalization of the core in ordinary coalition games and has the properties
(not an axiom system):

— Individual rationality,
— Component-Pareto-efficiency,

— Influence by all players.
Whether the characteristic network function is balanced, depends on the
value of g ={4B, AC}. The question is: What is the minimal value of g__, so

that there exists a profit distribution that is not blockable by 2 agents through a
single link? In the case of 3 agents and 2 links, Bondavera/Shapley’s formula
(referring to formula 2.17) is valid:

s [ (238)
- 2

Figure 22 shows, how in the case of v*#/ =60 and v*} =40, the bal-
ancedness is asserted with #2114 > 50,

The profit distribution rule for restricted grand coalitions is the Myerson-
rule (Navarro and Perea 2005; Pin, 2005; Kajii et al. 2008) that is a generaliza-
tion of the Shapley-rule (referring to formula 2.22). Instead of subcoalitions that
form the grand coalition stepwise, subnetworks form the restricted grand coali-
tion stepwise. In figure 22, there are 2 paths that lead to the restricted grand coa-
lition:

b

gh8) _y gllamllacty, glac) _ o {ljac) (2.39)
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Restricted grand coalition: {AB; AC }

C Subnetwork values
AB \60 |Ac 40
Just balanced 50

Myerson-rule for {{4B}{AC}}=80

A B C
Balancedness (existence ~ [207 31,25% 18,75%
of network-core, pairwise

N stability) with: > 50

(50; 0; 0) 60 (0; 30; 0)

Fig. 22. Bilateral links and pairwise stability of the network with number example

The Myerson-rule is the expected value of the contribution, which the sin-
gle agent gives, if it is not known yet, in which order the restricted grand coali-
tion is going to be formed:

My,(v)= st ‘SH)[ (g50y)-v(gs)] (2.40)

ScN\{i}

Myerson’s original axiom system is:

— Component-Pareto-efficiency for each link:
ZMyi(N, v, g) = v(C)for each link (2.41)
ieC

— Axiom of pairwise balanced contributions:
A/fyi(NaVag)_Myi(NaVag\{j}): (2.42)
My, (N v, g)~ My, (N, v, g \{i})

These two axioms can only be fulfilled by the given formula for the Myer-

son-rule. For the characteristic network function v, ., the Myerson-rule for the
3 agents is:

My 4 ae =(50%,31.25%,18.25%) (2.43)
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1.4.2.5. Network games without stable restricted grand
coalitions

Non-balanced characteristic networks functions lead to a generalization of the
idea of coalition structures to restricted cooperative games. The restricted grand
coalition can be blocked by subnetworks that are restricted subcoalitions. How-
ever due to the fact that

— individual rationality and

— component-Pareto-efficiency
are the preconditions for stability on the subnetworks, a generalization of the
PCore (i. e. bargaining sets) to network games is possible. However this problem
is not solved yet. The approach of pairwise stability (Jackson and Nouweland
2003) leads into this direction.

Relevant profit distribution rules / All possible networks with 3 agents

number of links

Shapley =

Links: 3 of 3 A&B

fe{ABBCAC)

Myerson /(; C\ /\

Links: 2 of 3 Al B/l A lll a%----- B
e={AB.AC) o—{ABBC} g={ACBC}

Aumann-Dreze = C
Myerson for coalition structures
(ADMCS, outside-option not considered) . s R AN B A;j ______ B

B A B |
Links: 1 of 3 a={AB} ={AC) g={BC}
No rule A
(no agreements) N

: A ,,,,,,,, \_\ B
Links: 0 -

Fig. 23. Relevant profit distribution rules and number of links of all possible networks
with 3 agents (by the author)

The profit distribution rule is the Myerson-rule for coalition structures,
which is just deployed on the productive component. In order to distinguish it
from the Myerson-rule for restricted grand coalitions, it is called in the thesis
Myerson-rule for coalition structures (It must not be confused with the CS-rule
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for a-priori unions by Owen (Holler and Owen 2001) that is not relevant in the
paper). If the subcoalition is unrestricted, the Myerson-rule for coalition struc-
tures coincides with the Aumann-Dréze-rule. In order to symbolize that both
rules are identical for the investigated case of 3 agents’ coalition structures, it is
abbreviated as: ADMCS — rule . For instance, taking the characteristic network
function of chapter 1.4.2.4, the ADMCS-rule is:

ADMCS — rule = (30,30,0) (2.44)

Figure 23 depicts the relevant profit distribution rules for the particular 3
agents’ networks. The preceding chapters have shown that the Shapley-rule re-
fers to the network without restrictions and the Myerson-rule refers to a network,
where all agents participate, but there is a restriction. In the case of coalition
structures, it is the ADMCS-rule, which ignores the possible impact of the ex-
cluded agent on the profit distribution (no outside option).

1.4.3. Profit distribution rules in games with private
information

If one agent is able to hide information from another one, it is the case of infor-
mation asymmetry between the agents, and the principal-agent theory provides
some profound insights (Gobel, 2002). It has to be distinguished between

— private information of each agent and

— public information (common knowledge).

The profit distribution rules of the “cooperative game theory” unite the no-
tions of Pareto-efficiency and symmetry of profit distribution. Even with private
information, where the agents’ expected utility is maximized, there is no need to
construct profit distribution rules in a randomized way. It is not necessary to use
the complex “mixed strategies” for the coalition or network formation. Instead
for simplification, the expected values can be regarded as “deterministic”. These
pseudo-deterministic values can be included into the set of feasible profit distri-
butions.

Holstrom and Myerson (1982) modify the definition of Pareto-efficiency
for the case of incomplete information: ,,a decision rule is efficient iff (if and
only if) no other feasible decision rule can be found that may make some indi-
viduals better off without ever making any other individuals worse off”.

In the question of feasibility of decision rules, it is distinguished between
whether incentive-compatibility for the revelation of private information is re-
quired or not required. Thus, in models with private information it has to be de-
fined, if or under which condition the agents reveal their private information.
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“Better off” and “worse off” refer in the context to the paper to the expected
utility based on the respective private information (not public information). Con-
sequentially, there is no “outside planner” that can determine the interests of the
agents. The “Pareto-efficient outcome” cannot be based on the real preferences
of all agents but only on the revelations or assumption of the real preferences by
all agents, and the mutual assumption of the other assumptions and so on.

Hence, the profit distribution rules are not modified if private information
exists.

1.4.4. The time-inconsistency of agreements in games with
coalition structures and outside-option

In dynamic setting circumstances steadily change, as the agents change their
preferences and the exogenous factors (environment). Additionally, as rational-
ity is restricted by contemplation and information problems, agents who intend
to act rationally are in a permanent process of learning and forgetting. Learning
can be understood as

— the improvement of skills or

— the reduction of incomplete information.

Obliviousness (or imperfect recall) can be regarded as an antagonistic force
to learning or simply learning with negative sign. It is the inability to remember
all obtained knowledge (Kuhn 1953).

Table 8. Relationship of sets of stable profit distributions, profit distribution rules, out-
side option (by the author)

Sets of stable profit distributions |Profit distribution rules

Grand Core Shapley-rule

coalition Influence of all agents

Coalition | Partition core ADMCS-rule

structure Influence of outside option No influence of outside option
Restricted | Restricted core (“Network-Core”) [Myerson-rule

gran.d. Influence of all agents

coalition

Restricted | Restricted partition core Myerson-rule for coalition structures
coalition Infuence of outside option No influence of outside-option
structure

Time-inconsistency of agreements is ubiquitous (Yeung, Petrosyan 2006).
Therefore in dynamic setting the stability notion of solutions has to be refined.
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E. g. the net present value for breaking the contract can be compared with not
breaking (Hellman 2008). The outside option is the offer by an excluded agent to
a participating agent to break an existing agreement in order to start a new one.
As soon as it is advantageous, rational agents (single agents or groups) break the
agreement (Casajus 2007). After Harsanyi (1977) the outside option can refer to
agents:

— that are within the agreement group or

— that are partly within the group and partly excluded.

In the thesis only the case of 3 agents is regarded, where one agent is out-
side the cooperation and tries to “seduce” one of the 2 cooperating agents.

Table 8 depicts all sets of stable profit distributions (based on the core) and
the corresponding profit distribution rules regarding the question of the outside
option. The outside option by excluded agents is only relevant for non-balanced
games.

1.5. The frame of further research

Based on the state of the art investigation of co-opetition, the foundations of the
co-opetition theory should be developed. This foundation should comprise:

— the definition of co-opetition and a co-opetition model,
— the development and explication of a set determinants of a co-opetition
model,

— the deployment of game theory as the mathematical instrument.
Typical problems that may be treated in co-opetition models are

— the prediction of negotiation results on the basis on negotiation power,
— the analysis of the stability of certain agreements,

— the analysis of the stability of certain industrial supply chain structures.
The agents and their relationships should be depicted in an industrial supply
chain where

— the relationships of an enterprise with its competitors, complementors,
suppliers and customers are illustrated,

— it is distinguished between individual customers and mass markets,

— it is distinguished between potential and actually participating agents.

A new profit distribution rule should be developed for 3 agents, which con-
siders the impact of the excluded agent, i.e. the outside-option in coalition struc-
tures. It should be shown in how far or in which cases this profit distribution rule
is more appropriate than the Aumann-Dréze-rule that is equal with the Myerson-
rule on coalition structures in industrial supply chains with 3 agents.
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It should be shown for
— mass markets and

— for individual customers
in how far stable agreements or at least tacit cooperation can be achieved.

Games with mass markets are barely predictable, having contradictory ar-
guments in favor of more competitive and more cooperative relationships among
the suppliers. An overview should be developed that explicated these contrary
incentives.

In the case of individual customers it should be discussed which profit dis-
tribution rule provides the best prediction of negotiation outcomes. Therefore it
should be distinguished between

— static models, i. e. where the negotiation takes place uniquely and is ir-
revocable,

— dynamic models, where it is possible to change the cooperation partner
ex post and the outside option is relevant,

— dynamic models, where it is not possible to change the cooperation part-

ner ex post and the outside option is not relevant.

The impact of information processing, i.e. learning on agreement stability
should be explicated.

The mass market models and the individual customer models should be
simulated with ideal-typical numbers. Experimental verifications should be im-
plemented in order to prove or disprove the theoretical predictions.

Table 9 shows the subchapters of the chapters 2 and 3 with the treated is-
sues:

Table 9. Subchapters of the chapters 3 and 4 with the treated issues

Chapter Issue Sub-issue

3.1 Definition of co-opetition

3.2 Industrial supply chains

33 Time-inconsistency of Ubiquity

34 agreements Profit distribution rule with outside option

3.5 Stability of agreements Mass markets

3.6 Individual customers

4.2 Practical investigation Mass markets

4.3 with participants via the | [ndividual customers

4.4 internet Comparison of experimental results and
theoretical predictions
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1.6. Chapter summary

— The material is mainly collected from literature. The main contributions
by the author are the figures and tables.

— A human decider cannot act as a homo economicus due to limited capa-
bilities of contemplation and limited information.

— A comprehensive literature overview over co-opetition and related fields
of economic sciences is given.

— An introduction into the relevant fields of strategic, cooperative and
network games is provided.

— There is no theoretical foundation of co-opetition yet. Therefore the
frame of further research is defined.






Development of a framework for
co-opetition models

In this chapter, a framework for co-opetition models is developed by the author.
A definition of co-opetition and determinants for co-opetition models are intro-
duced. An industrial supply chain for co-opetition models is developed. The
ubiquitous time-inconsistency of agreements is discussed. The “outside-option
modified profit distribution rule for coalition structures” is developed. It is
shown for models with mass markets in how far cooperative behaviour is stable.
It is shown for models with individual customers, which profit distribution rules
predicts the negotiation results of rational agents and assures the stability of an
agreement.

2.1. Definition of co-opetition

Co-opetition is a perspective on business relationships that deals with the con-
currency of competition and cooperation. Game theory is the appropriate
mathematical instrument for formalized co-opetition models, giving the possibil-
ity of the prediction of the results of business strategies. In a co-opetition model
a particular problem can be structured by a set of 5 determinants:

— 1institutions that determine the rules of business,

77
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— industrial boundaries defined by
o the products and/or services,
o the transactions of products and/or services,
o the industrial supply chains, which are a part of the global social
network and

— time (1-round vs. many round games).

These 5 determinants allow a comprehensive description of a problem that
is connected with business strategy. The business rule determining institutions
are externally given, while the boundaries can be influenced by the agents. The
time determinant allows round-based games.

Important institutions that determine the rules of business are contracts,
states, culture and trade usages. Contracts are fixed in civil law and must be en-
forceable by the state, represented by a court of law. Large numbers of people
are subsumed to groups of a certain culture that is characterized by common ori-
gin, ethnicity, religion, social status or age. Rules that are prevalent in such
groups have been emerged often over a very long time and are usually fixed.
Trade usages are important systems of business rules in particular regions, in-
dustries, vocations.

Industrial boundaries that are connected with the product or service refer to

— the content or

— the distribution (or transaction).
The content refers to:

— the value,
— the properties,

— the technology, etc.
The distribution (or transaction) refers to

— the place and

— the technology.
Distribution is usually restricted by

— political or cultural borders,
— language barriers,

— certain target groups,

— technology of distribution.

For instance products may be distributed only at the national market, in a
region, city or at a certain place. In the European Union economic laws are
widely harmonized. Nevertheless there are national and regional deviations like
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differences in taxation that are still trade obstacles. Furthermore, language barri-
ers keep their relevance despite of economical globalization. Business is often
restricted not to national borders, but language areas, e.g. English, Chinese,
German or Lithuanian speaking countries. Target groups can be youths, pen-
sioners, women, people with affinity to IT, etc.

Industrial boundaries also refer to the industrial supply chain. The agents
are distinguished there as:

— suppliers, customers, competitors, “complementors” (offering comple-
mentary proposals),

— actual participators vs. potential participators and

— mass markets vs. individual customers.
Time is another crucial model determinant. Generally, each relationship or
transaction is limited by time. Thus there is

— the static setting, where decisions are made uniquely and irrevocably
(one round),

— the dynamic setting (at least 2 rounds),
o with or without known end point and
o with or without several possibilities to revoke formerly made deci-
sions, e. g. by renegotiations
Many cooperative relationships have static setting. They are based on
unique decisions, for instance simple purchases or the conclusion of projects,
where the decision is irrevocable. Though they can also be extended over time,
renegotiations or adjustments of formerly made decisions are not possible. In
dynamic setting, renegotiations are possible and continuously lead to differing
results. The circumstances permanently change, because of the continuously

— changing preferences of the agents,
— changing environment and

— information updating, etc.

This is the problem of time-inconsistency of agreements.

Figure 24 provides an overview over the co-opetition perspective, the set of
co-opetition models and game theory as mathematical instrument:
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Game theory (mathematical instrument)

Strategic game theory

Network game theory (restricted coalition games)

! Coalition game theory

v

Set of co-opetition models

Typical problems:
- Prediction of negotiation results based on negotiation power
- Analysis of stability of certain agreements
- Analysis of stability of certain industrial supply chain structures

Determinants of model:
- Institutions that determine the rules of business,
- Industrial boundaries: product/service (content and distribution)
- Industrial boundaries connected with industrial supply chains that are
part of the global social network :
suppliers, customers, competitors, “complementors”,
actual participators vs. potential participators and
mass markets vs. individual customers.
- Time: irrevocable decisions vs. renegotiations

Simplification: approximation, symmetrization and aggregation

Co-opetition perspective
integrative bridge between competitive and cooperative perspective

Competitive perspective: Cooperative perspective:

Schelling: “Strategy of conflict” Contractor/Lorange:
“Why should firms cooperate?”

Porter: “Competitive strategy”

New institutional economics

Principal-agent theory

Transaction costs economics

Fig. 24. Co-opetition perspective, set of co-opetition models and game theory as mathe-
matical instrument (by the author)
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Co-opetition as integrative bridge between the competitive and cooperative
perspectives

In figure 24 it is shown that Schelling, Porter and the various contributors
for the new institutional economics have emphasized on the competitive aspects
of business relationships, while Contactor and Lorange’s emphasized on coop-
eration. The co-opetition perspective is the integrative bridge between both per-
spectives.

Game theory as the mathematical instrument for the co-opetition models

Game theory is the appropriate mathematical tool for co-opetition models
(Selih et al. 2008), providing

— optimal decisions and strategies without and with agreements,
— the understanding of negotiations,

— the understanding of stability, Pareto-efficiency and fairness of agree-
ments, etc.
for different settings of institutions, goods, transactions of goods, agents and
time.

2.2. Industrial supply chain as part of a co-opetition
model

2.2.1. Global social network

Following Milgram (1967) all agents are at least indirectly connected. This
yields the “global social network™ that is the superset of all social networks. A
social network is a social structure made of nodes that usually represent individ-
ual persons, business agents like enterprises, etc. These are tied by specific types
of interdependencies such as friendship, kinship, value, ideas, ideologies, trade,
conflict, etc. (Vega-Redondo 2007) The ties or relationships that connect a cer-
tain node with other ones determine its role in the network. The resulting struc-
tures are depicted by graphs and are often very complex. The number and the
strength of links are an important source of power.

The minimal number of links that connect two agents cannot be very high.
Though the world population is estimated at 6.89 billion people (US Census Bu-
reau, 1/2011), the small world phenomenon states that each social actor is not
more than six persons away from each other social actor (Milgram 1967). That
phenomenon is also termed “six degrees of separation”. Hence, each regarded
network, whether private or business related, is only an excerpt from the global
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social network. Each person on earth is a potential customer, supplier, “comple-
mentor” or competitor.

Figure 25 shows an excerpt of the global social network with an agent that
is dominant by having a high amount of links, e. g. an enterprise having many
suppliers.

Fig. 25. Excerpt of global social network, agents with bilateral links and a dominant
agent (with many links) (by the author)

2.2.2. The industrial supply chain as basis for co-opetition
relationships

The industrial supply chain with co-opetition relationships is introduced by the
author (Stein, Ginevicius 2010a). It is an excerpt of the global social network, as
well. In an industrial supply chain, each relationship contains “win-win” and
“win-lose” properties. An enterprise is officially connected with its suppliers,
demanders and “complementors” (agents that offer complementary goods or
services) are through a “win-win”-relationship, i. e. they are cooperation part-
ners.

Chapter 1.3.3.2 has given an overview over possible complementors, sup-
pliers and customers. Complementors can be strategic alliances, inter-industrial
relationships, enterprises that have a joint venture, consortia, enterprises with
renting, leasing, licensing relationships, employees, managers, etc.
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On the other side competitors are connected through a “win-lose” relation-
ship. However, in general also competitors have potentials to cooperate, for in-
stance through

— open pricing cartels (as far as not prohibited),
— buying coalitions,
— tacit price collusions or

— by not attacking each other due to the threat of retaliation (TIT-FOR-
TAT models) (Axelrod 1984).

This ambivalence of competition and cooperation is the main idea of co-
opetition.

Figure 26 shows the “industrial supply chain with co-opetition relation-
ships”. It depicts an enterprise in the relationship with other enterprises in the
business environment and is advancement of Porter’s 5 forces driving competi-
tion” and of B/N’s “value net”. It shows next to the

— relationships with the actually participating agents (with the suppliers,
customers, competitors and complementors)

— the potentially participating agents.

The potentially participating agents have the possibility of entering the
game and therefore are strategically relevant. Due to the fact that an industrial
supply chain may consist of several steps, it can be distinguished between retail-
ers (possibly a chain of retailers) and end-customers on the one side, and on the
other side between suppliers, pre-suppliers, etc. The end customers can be ag-
gregated, i.e. they represent mass markets. The individual agents may also repre-
sent more than one agent, if they symbolize a coalition or network. Coalitions
and networks can be depicted as individual agents that talk “with one voice” or
decide monolithically (Wiese 2005). Individual customers and mass markets are
treated in different ways:

— With individual customers it is possible to negotiate.

— With aggregated customers (mass markets), individual negotiations are
impossible or too costly (transaction costs) in relation to the values of
the single deals. Instead, a supplier concludes “a large number of single
contracts” with customers. He anticipates the customers’ reactions and
decides on that basis, according to backward induction.

The connection among competitors is depicted with a dotted line and de-

picts a possible cartel or tacit collusion.
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Potential . \ Potential Potential
. , . Potential competitors .
Qutside options | suppliers 0.1) retailers end customers
(0.m) ) (0.m) (0.m)
Enterprise:
|=======mmmm---- Corporate governance p------------------ |
: Strategic management ;
|
! A ‘ End customers (1..n)
] L]

Pre-supplier Suppliers ) Complementors Retailers Tndividual custorners
(0.n) (0.1 (othermarket) | § (1.1) :
, ! Mass markets

-Cmel o/ Competitors
*Tacit collusion (0.m)

Fig. 26. “Industrial supply chain with co-opetition relationships” among suppliers, com-
petitors, “complementors” and customers that are either individuals or mass markets and
potential participants as outside options (by the author)

2.2.3. Supply chains with 3 agents

Due to the tremendous increase of complexity (Pin, 2005), it is important to
keep the number of agents in the model low. Therefore, the author focuses on
and lists the networks with not more than 3 agents.

3 agents can build supply chains in several ways. The supply chains can be
of 2 stages (supplier - customer) or 3 stages (pre-supplier-supplier-customer). In
2-stage supply chains the suppliers can be competitors or complementors. The
customers can be individuals or aggregated (mass markets). Figure 27 shows the
set all possible supply chains with 3 agents. The labeling of the agents is ideal-
typical. The meaning of “pre-suppliers” and “suppliers” are in so far different
from that is the previous chapter that these are the last and penultimate steps be-
fore the customers.
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Set of all 3 agents’ supply chains
P: Pre-supplier

T S: Supplier
' I: Individual customer
| M: Mass market

P S TorM

Fig. 27. Set of all supply chains with 3 agents, with individual customers or mass mar-
kets

The possible supply chains can be subdivided into those where there are:
— mass markets as customers,
— an individual customer, an suppliers and a pre-supplier and

— individual customers and suppliers.
In the next chapters mass markets are depicted by rectangles and individual
customers are depicted by squares.

2.2.3.1. Mass markets as customers

There are 6 kinds of 3-agents’ supply chains with suppliers, possible pre-
suppliers and at least one mass market. In the following list (a.-f.) it is shown,
which game theoretic methods are used to calculate the profit distributions.

a. 2 connected suppliers, 1 mass market

There are 2 suppliers that offer complementary goods to a mass market.
They anticipate the mass market reaction in accordance to the principle of back-
ward-induction (BI). Each supplier is able to profit by supplying the market at
his own. However each of them profits if the other one supplies as well. If the
suppliers intend to make an agreement among each other, they have to compare
the profits they get without the other one with the profit that is achieved through
common supply.

For instance, supplier S1 earns by supplying the mass market M 10 units.
Supplier S2 proposes S1 to cooperate. For S1 it is not relevant whether S2 can
make profit by supplying M at his own. Just the added value is relevant that is
achieved by to cooperation between S1 and S1. This and only this added value is
distributed equally between S1 and S2 in accordance to

— Myerson’s axiom of balanced contributions and
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— the axiom of Pareto-efficiency.

I. e. if the added value is 1 unit, S1 earns 10.5 units and S2 0.5 units. If the
added value is 10 units, then it is (15; 5), etc. Thus, this profit distribution is in
accordance with the principle of the Shapley-rule though it is used for the profit
distribution among 2 agents.

b. 2 non-connected suppliers, 1 mass market

There are 2 suppliers that offer competitive goods to a mass market. This
case is in accordance with the neo-classical model, where the potential suppliers
anticipate the demand curve of the mass market. It is the distinction between
Cournot quantity competition and Bertrand price competition (see chapter
1.4.1.3). In both cases BI is implemented, as the mass market’s reaction is an-
ticipated as the basis of the quantity or price competition among the suppliers.

c. 1 supplier, 2 mass markets

There is one monopolistic supplier who serves two mass markets. These are
two separate transactions, and the BI’s are made separately. The two mass mar-
kets do not affect each other as long as capacity restrictions are not considered.
However, capacity restrictions are not investigated. These are solved by methods
of convex optimization, like the Kuhn-Tucker optimization conditions (Avrieli
2003).

d. 1 supplier, 1 mass market, 1 individual customer

1 supplier serves both 1 mass market and 1 individual customer. As in the
previous case, these are two separate transactions. BI is used for the mass mar-
ket. With the single customer, the added value is distributed equally. Capacity
restrictions are not considered.

e. 1 pre-supplier, 1 supplier, 1 mass market

1 pre-supplier and 1 supplier are vertically connected and serve 1 mass
market. Both the pre-supplier and the supplier are indispensible in order to
achieve any profit through the supplement of the mass market. Both of them an-
ticipate the mass market’s reaction (BI). The profit is distributed equally.

f. 1 pre-supplier, 1 supplier, 1 mass market (also direct connection between
pre-supplier and mass market)
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All agents are linked. The pre-supplier and the supplier directly serve the
mass market and anticipate its reaction (BI). The pre-supplier can supply the
mass market at his own. However he profits of the supplier’s participation. The
supplier might be a retailer. The added value is distributed equally.

Figure 28 shows all possible supply chains with mass markets and their bi-
lateral relationships (links). Additionally the profit distribution is explicated

shortly.
Connections Network Profit distribution
a. |S1-Ml S1 and S2 anticipate M’s reaction (BI). Based
S2 — Ml S1 on this anticipation, they cooperate and
S1-S2 M | |distribute the added value of cooperating
S2 equally. However each of them keeps the
profit that he would gain singly.
b. [S1-Ml S1 and S2 anticipate M’s reaction (BI). The
S2 — Ml S1 suppliers cannot cooperate. In dependence of]
M [|whether it is quantity or price competition, it is
) the classical case of Cournot-equilibrium or|
Bertrand-equilibrium.
c. |SI-Ml1 S anticipates M1’s and M2’s reactions (BI). S
S1-M2 M1 ||is a unilateral (or monopolistic) decider. As
S long as there are no capacity restrictions, the
M2 decisions for M1 and M2 are completely inde-
pendent. Otherwise it is distributed in accor-
dance with profit maximization.
d. |S1-Ml1 P anticipates the reaction of M and supplies it
S1-11 M | |as monopolist. Independent of that it supplies
S the individual customer. Without capacity re-
I strictions, the profit is divided equally between
Sandl
e. |P1-SI P and S anticipate M’s reaction (BI). As none
S1—Ml of them is able to trade with M singly, they
p S M depend on each other completely, and divide
the common profit equally.
f. |P1-SlI P and S anticipate M’s reaction (BI). P can
S1-Ml1 supply M separately and S cannot. However S
P1 - M1 p S M ||has the possibility to increase the total profit.
This added value of S’s participation is divided
equally between P and S.

Fig. 28. All possibilities with maximally 2 agents and a mass market (by the author)
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The possible unrestricted and restricted coalition structures for 3 agents’ in-
dustrial supply chains are shown in appendix A, figure 2A. Neglecting the pos-
sible problem of capacity restrictions, the cases c¢. — f. can be decomposed into
the following “trivial sub-networks” in figure 29:

Connections |Network Profit distribution
S-M Unilateral backward induction
0———>IM
S
P-S Equal distribution
o—©
P/S S/

Fig. 29. “Trivial sub-networks” that are sufficient to describe the networks c. — f. in fig-
ure 28 (by the author)

Therefore, only the cases a. and b. of figure 28 are considered further inves-
tigation.

2.2.3.2. Individual customer, supplier and pre-supplier

The 3-stage supply chains (with a pre-supplier and a supplier) are of a structure
that might be deceptive at the “first impression”. There are the cases that the

— pre-supplier is connected with the supplier and the supplier is connected
with the customer and the case that,

— all agents are connected with each other.

Coalition structures are shown as far as they are relevant. “Relevance” re-
quires that the pre-supplier and the individual customer are connected in one
component.

a. 1 pre-supplier, 1 supplier, 1 customer, pre-supplier and customer not di-
rectly connected

In opposite to the “intuition”, this case represents the grand coalition, as no
agent is able to gain any profit without the participation of the other both agents.
None of the agents can earn anything without the participation of the other ones.
Therefore the division is in accordance with the Shapley-rule and is equal (refer-
ring to eq. 2.22):
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Shapley —value = ( 3=

j (3.1)

1
3

W | —
W | =

b. 1 pre-supplier, 1 supplier, 1 customer, pre-supplier and customer directly
connected

It might be the “first impression” that this structure represents a grand coali-
tion. However, these are 2 overlapping games, which are summarized:

1. The pre-supplier and the end customer divide their added value equally.

2. The supplier is not inevitable but offers added value to both the pre-
supplier and the end customer. For instance, it can be a retailer that is located
“around the corner” next to the end customer while the pre-supplier organizes
his transactions on the basis of electronic business (i. e. uses the internet). This
added value is achieved in equal parts by all 3 agents. It is equivalent with the
grand coalition of case a. Therefore it is the division:

L1 (3.2)
Shapley —value =| —;—;— :
apley —value (3 3 3]

For instance, if in the first game the added value is 80 units and in the sec-
ond game it is 90 units, then the profit distribution is:

(P;S;1)=(40;0;40)+(30;30;30) = (70;30;70) (3.3)

For instance, if in the first game the added value is 80 units and in the sec-
ond game it is 90 units, then the profit distribution is:

(P;S; 1) = (40;0;40)+(30;30;30) = (70;30;70) (3.3)

If there is the coalition structure where the pre-supplier and the end cus-
tomer are connected within a component, the supplier is excluded. The first
game is implemented, where the profit is distributed equally between the pre-
supplier and the end customer. This corresponds with the ADMCS-rule:

ADMCS — rule = (% ;0; %) (3.4)

Figure 30 shows both supply chains and the coalition structure of case b.
The profit divisions are listed shortly:
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Connections [Supply chain Profit division
a. [P-S In opposite to the presumable “first impres-
S—1 o011 sion”, this is the case of the grand coalition.
P S I No agent can achieve any added value without
the other ones. Therefore the Shapley-rule is
used: 111
Shapley =| ~;—;~
apiey [3 '3 3j
b. |[P-1 2 overlapping games:
P-S 1. P and I distribute their added value equal-
S-1 ly.
P N I 2. Grand coalition, the added value that is
achieved by the S is distributed:
1 11
Shapley —value\P;S;1)=| —;—;—
pley (P;S;1) (3 3 3J
Coalition Just 1% game relevant, P and I equally distribute
structure: A their added value. S is excluded.
el — @11 |4 Dréze—value(P,S;1)=| +:0,2
Tk Pi S = I umann — Dreze—valuel P; S; 1 )= 5, ,E
S : s

Fig. 30. All possibilities of supply chains and coalition structures with 3 agents (by the

author)

Case a. can be regarded as a trivial sub-network. The grand coalition of
case b is the sum of case a. and the 2nd trivial sub-network of figure 29. There-
fore all networks of figure 30 are excluded from further investigation.

2.2.3.3. Two stage supply chains with individual customers

In 2-stage supply chains there are 2 cases of grand coalitions:

— The suppliers are directly connected.

— The suppliers are not directly connected.
Again, the coalition structures are only listed if they are “relevant”, i. e. the
supplier is in one component with the individual customer.

a. 2 connected suppliers and 1 individual customer

In the grand coalition, the suppliers are potential complementors. They may
profit by cooperating in comparison with supplying on their own. In the case that
a stable grand coalition is formed, it is calculated with the Shapley-rule. The
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relative profit of the suppliers cannot be predicted in general. However the cus-
tomer gains half of the profit, as it is indispensible in the supply chain. Both
suppliers gain the other half together, due to the fact that at least one of them has
to be in the game. Therefore the Shapley-rule is used with the following struc-
ture:

Shapley —value(S,;S,;1) = (Share;l — share; %j with share € {0%}

3.5)

The variable share is referred to the share of the residual Y2 among the
both suppliers. It depends on their contributions to the added value of the grand
coalition.

In the coalition structure of case a., the supplier 1 is directly connected with
the individual customer. The second supplier is excluded from the “productive
component”. For this case the ADMCS-rule proposes the “simple” solution that
ignores the possible impact of the excluded supplier.

b. 2 non-connected suppliers and 1 individual customer

In the restricted grand coalition, the suppliers that are competitors and can-
not make a direct agreement. In the case that a stable restricted grand coalition is

formed, it is calculated with the Myerson-rule with g = {I Sl _Sz}.

1 |
Myerson—rule(S,;S,;1) = (share;l — share, EJ with share € {05} (3.6)
If no stable restricted grand coalition is possible, it is identical with case a.
Figure 31 shows the cases a. and b., i. e. the (restricted) grand coalitions and the
(restricted) coalition structures:
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Connections: Supplychains SolutionH
a2 |Grand coalitions (S1—5827 Shaplev-mlec
S1-I17 51
52-11= $ I
0
o [Cozlition- S1-117 Nosufficient-
structures Excluded:- 32z O 1 solution vet:
524 I
bz |Restricted- prand {31117 MMyerson-rules |0
coalihons 52117 51
(equivalent g7 Iy
S1-11;81-I) | 5
Coalition- S1-—117 Nosufficient-
structires S2excluded- %ﬂ solution vet:
(equivalent:-12- -4
excudee | 52

Fig. 31. 2-stage supply chains, coalition structures with individual customers (by the
author)

There are 5 other coalition structures for games with 3 individual agents
that are not relevant for supply chains, because the first and the last agent in the
chain are not in one component. These are depicted in appendix A, figure 2A.

The development of the new profit distribution rule that is made in chapter
2.4 refers to the coalition structures of figure 31. It is considered as an alterna-
tive to the ADMCS-rule, where the possible impact of the excluded agent is con-
sidered.

2.2.4. Comparison with 2 and 4 agents’ supply chains

Appendix B shows all combinations of supply chains with 2 agents (figure 1B)
and 4 agents (figures 2B and 3B). While the possibilities for 2 agents are very
limited, the number of combinations increases tremendously in supply chains
with 4 agents. The set of supply chains with 4 agents is the superset of supply
chains with 3 agents, and a subset of the global social network.

In table 10 the number of grand coalitions, coalition structures and both in
the restricted cases are compared for 2, 3 and 4 agents, with only individual cus-
tomers. Furthermore the combinations with mass markets are listed. These are
summarized in appendix B, table 1A. The tremendous increase of combinations
with each additional agent is depicted.
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Table 10. Number of possible supply chains and coalition structures with individual
customers with 2, 3 and 4 agents (by the author)

Supply chain relevant networks 2 agents 3 agents 4 agents
Grand coalitions 1 2 6
Coalition structures - 2 19
Restricted grand coalitions - 3 25
Restricted coalition structures - 2 60
Combinations with mass markets

Grand coalitions 1 2 12
Coalition structures - 2 40
Restricted grand coalitions - 4 56
Restricted coalition structures - 3 137

In the thesis only the cases of 3 individual agents and of 2 individual agents
with a mass market in a grand coalition are regarded, because it allows far-
reaching possibilities for co-opetition models while keeping complexity “appro-
priate”. Co-opetition models with 4 agents are thinkable. However, the tremen-
dous increase of possible networks confirms that network games are in the com-
plexity class “NP-hard” (chapter 1.2).

2.3. Ubiquity of time-inconsistency of agreements

A comprehensive overview over the reasons for the time-inconsistency of
agreements is given by the author. Time-inconsistency is ubiquitous in agree-
ments. After an agreement is made, circumstances change continuously and at
least one of the participating agents becomes dissatisfied. However the agree-
ment remains stable as long as there is no beneficial alternative, an outside op-
tion. There are 2 main origins of the time-inconsistency of agreements:

— acquirement of skills and

— information updating.

The acquisition of skills is in general unilateral. An agent copes with a task
better over the time. This can increase the value of his work. In the new institu-
tional economics, the professional skills are regarded as “human capital”. If an
agent improves his skills, also the cooperation partner should gain from that.
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Information updating is directly crucial for the rational decisions as they are
based on available information (Rutkauskas, Ramanauskas 2009). An agent may
have the information input

— before the agreement conclusion or

— after the agreement conclusion.

All events in the information that the agent receives before the agreement
conclusion, are “expected events”. All other events are unknown till the moment
when the information updating takes place. These are “unexpected events”. In
general, there are future events that are unexpected. Here, the simplified special
case is regarded as well, where all future events are known. Then all information
can be considered, before the contract is concluded at the beginning.

Information updating may refer to

— general environment information,
— the relationship or the relationship towards other agents or

— oneself.
The general environment information may refer to

— force majeure,
— change in the global social network: politics, laws, etc.

— change in the larger local networks.

Relationship related learning is particularly important in games with private
information. Other agents may hide information or their real preferences. They
may obtain new information or their preferences may change. The revelation of
information by other agents may take place voluntarily or involuntarily. If it is
involuntarily, it has been forced

— before the agreement conclusion by screening or

— or after the agreement conclusion by monitoring (Gobel 2002).

Learning can be connected with oneself. Even if there are no external im-
pulses one’s own preferences may change, and thus the assessment of the
agreement.

Figure 32 give a comprehensive overview over the reasons for the time-
inconsistency of agreements.

Reliance is crucial in business relationships. However reliance is barely
quantifiable as it is questionable, whether the signals of loyalty can be inter-
preted unanimously. Furthermore, it is barely possible to predict the develop-
ment of reliance as it is a subjective attempt to predict the other agents’ behav-
iour. The agents mutually increase reliance through the signalling of loyalty. The
history of fulfilled commitments is the basis of reliance as they are the most im-
portant signal of loyalty. Not fulfilled expectations or commitments may destroy
reliance.
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Other agents
> Acquirement of skills
Oneself
Force majeure Information updating
Change in connection General environment
with global social network information
Larger business network
Voluntary revelation Relationship related
_ learning General case: ex ante
Involuntary revelation New knowledge unexpected events
| Before agreement conclusion: screening by others p.ossﬁ.)le, Ub}qUIt}’ of
: > time-inconsistenc
| After agreement conclusion: monitoring Change in others t
preferences ,
Special case:
Change of preferences [ Oneself expected events

Fig. 32. Reasons for the time-inconsistency of agreements (by the author)

For the sake of simplicity it is assumed that there is sufficient reliance
among cooperating agents in order to cooperate. A detailed analysis is omitted.

2.4. Development of an profit distribution rule for
coalition structures with outside option

2.4.1. Introduction of the “O0OCS-rule”

A new profit distribution rule is developed by the author that considers the out-
side option, i.e. the impact of the excluded agent on the relationship of the 2 co-
operating agents in the case of an unbalanced 3 agent network. An exemplary
network is shown in figure 33 where a principal has the choice between 2 sup-
pliers:
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i

Networko Characteristic {network)-
functiono
v = {0:0:0:60:40;0:0 }=

i

1:-60-(best-bid)-T

P:-zelects-agent-with-better-bid T

-
-
-
-r
-

[0:|ag = T
1:60-(best-bid)-T 0:|agemnis| <1
: . | 60:g = {5,:P}
P:selects-agent-with-better-bid] v, =+

""""""" £ l40ig= {5 P}
10: g = {5 PRis:: 2l

Fig. 33. Coalition structure in unrestricted and restricted 3 agents’ network

The situation is assumed, where a principal is looking for a supplier and
wants to select exactly one supplier, because more than one would lead to inap-
propriately high administration costs. The suppliers compete in an auction pro-
cedure. They iteratively “improve” their bids, until 2 of them remain in the auc-
tion. This is depicted by the 3-agents’-network. The 2 suppliers overbid each
other and approach the reservation bid (maximal bid) of the 2nd best supplier.
As soon as the supplier with the best bid makes a higher bid, the 2nd best sup-
plier leaves the auction. Thus, the reservation bid of the 2nd best supplier be-
comes public information (Steimle, 2008). The agreement between the principal
and the strongest bidder cannot be blocked any more.

For the sake of simplicity it is assumed here, that the strongest supplier re-
veals his real reservation bid. For instance, he assumes that the principal is going
to find it out has the power to update the agreement in a way, that there is no
incentive to cheat. The best and the 2nd best bids are public information. The
principal regards the difference between the best and the 2nd-best bid as the
added value of the best supplier. This added value is divided symmetrically, i. e.
equally. This is the idea of the:

Outside-option modified profit distribution rule for coalition structures
(OOCS-rule)

Similar to Myerson’s axiomatization of the Shapley-rule (Myerson, 1980), the
OOCS-rule is defined by the axioms:

— Component-Pareto-efficiency: ZOOCS (N ,V, g) = V(C ) for the
ieC
productive component 3.7)
— Modified axiom of balanced contributions:
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The modification of the axiom of balanced contributions consists of a pre-
stage, where the winning cooperation partner transfers the value of the loosing
cooperation partner to the main agent. Afterwards the balanced contributions
axiom is used in the usual way. Thus:

— For the agents 4, B,C e N : if A has to select the cooperation partner and

v(AB)> v(AC), then A selects B and first demands the amount: v(4C)
by agent B. (3.9)
— Afterwards the contributions are balanced:
00CS ,(N,v, g)-00CS ,(N,v,g\{B})= 00CS,(N,v, g)-00CS,(N,v, g\{4})
..(3.9)
— So that A and B divide the difference of B’s and C’s offer equally.

In a coalition structure (Stein, 2010a), with A and B in the “productive
component” and C and the outside option for A, the OOCS-rule provides for

W(4B)>v(AC):

OOCS —rule = (V(AB)—;V(AC); V(AB);V(AC) ;Oj (3.10)
In comparison, the ADMCS-rule provides (eq. 2.30):
ADMcs_m;e:(V(f*);v(j'”;o] (3.11)

A profit distribution in accordance with the OOCS-rule does not depend on
super-ordinate institution (i. e. the state) for the assertion of the agreement (in a
game with coalition structure). It cannot be blocked by any other sub-group of
agent. Therefore it is a strong equilibrium (Aumann 1961) and hence and CPNE.
The CPNE does not require the mutual assumption of the other agents’ rational-

ity.

2.4.2. Net present values and the characteristic function

In order to compare the values of alternatives in dynamic setting, the net present
values are regarded. A round-based dynamic setting is considered where the pre-
sent values PV of each period are discounted and summarized. The present
value provides for each point in time the added value of selecting the alternative

compared with not selecting it: PV, = (pl”oﬁl , —COSIs, )
The net present value is:

T T
NPVT:Z(proﬁt,—cosm,)x L (PV.)x

3.12
pa (1 + r)r B - (l + r)r ( )
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As the static setting is a special case of the dynamic setting, the NPV’s are
valid as well. Net present values can be used as “input” for the characteristic
network function, as they provide a single profit value for a certain alternative:

WP,S,)=NPV,, ; WP,S,)= NPV,, (3.13)

Table 11 shows the minimal and the maximal bids out of the perspectives
of the best and 2nd-best supplier, in dependence of which of them offers the
higher NPV for the principal:

Table 11. Minimal, maximal bids of the suppliers in dependence of the NPV’s (by the
author)

- ; P -
Perspect.lve of NITV s of Mn}lmal Ma)flmal 00CS ( P;S;; Sz)
supplier principal bids bids
S, NPV, >NPV, | NPV, +x | NPV NPV, + NPV, _
) 2 -
NPV, = NPV,
2 2
NPV, < NPV, NPV, )
S, NPV., > NPV, | NPV; +x | NPV, NPV, + NPV,
@ :
NPV, — NPV,
2
NPV, < NPV, NPV, (1)
S, or S, NPV, = NPV, | NPV, = NPV, (NPV;0:0)

The table 10 is explicated here from the perspective of supplier 1. The perspec-
tive of supplier 2 is just mirror-inverted. If the NPV of the principal that is
achieved by the cooperation with supplier 1 ( NPV;) is higher than that of the

cooperation with 2, supplier 1’s minimal bid exceeds NPV, marginally. x is a
marginally small value, e. g. 1 Euro-cent. In that case, the principal earns not
more than the NPV, , and the supplier 1 earns his complete added value. The
maximal bid of supplier 1 is the complete NPV. In that case, supplier 1 does not
gain anything, and the principal gains everything. According to the OOCS-rule,
the principal gains the complete NPV, and additionally the half of the added
value that is provided by supplier 1,

NPV, — NPV, NPV, + NPV
NPV, ¢ o T (3.14)
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Supplier 1 also gains the half of the added value but not more than that, i. e.
NPV, — NPV,
2
advantageous one for the principal. Then the principal gains everything and the

both suppliers do not gain anything.

Table 12 shows different characteristic functions with the according NPV’s,
minimal and maximal bids of the suppliers, the OOCS-rules and the differences
of the outcomes for the principal:

. The case that the NPV’s of both suppliers are equal is the most

Table 12. Minimal, maximal payments, the “outside-option modified profit distribution
rule for coalition structures (OOCS)” and the differences with step by step improving
agent §, (by the author)

v NPV Min. bid of §,/S, [Max. bid of S,/S, |[0OCS Abids
Pols s, [P ls s, [P [s s,
L[ NPV,s 20 Jo.01 ]19.99 20 [0 10 [10 <o
NPVps, [0 [0 0 0 0 |0 0
2[ NPV, |20 [10.01]9.99 20 [0 15 |5 <5
NPV,g, |10 [10 0 10 0 [10 0
3[NPY,s 020 o 20 [0 20 [0 <0
NPVps, [20 |20 0 20 0 |20 0 |€]o
4| NPV, [20 20 o 20 [0 20 |0
NPVps, (30 [20.01 9.9 [30 0 |25 5 €5
S[NPV,s, |20 20 o 20 [0 20 |0
NPVps, |40 [20.01 19.99 [40 0 [30 10 [€]-10

2.4.3. Comparison of the “O0OCS-rule” with the Aumann-Dreze-
rule / Myerson-rule for coalition structures for 3 agents

In table 13 the proposed OOCS-rule is compared with the ADMCS-rule. The
characteristic functions of table 12 are taken. Additional steps are included as
“interpolation”:
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Table 13. Comparison of the ADMCS-rule with the proposed OOCS-rule (by the au-
thor)

WP;S)=NPVps, | w(P;s,)= NPVpys, OO0CS-rule ADMCS-rule
20 0 (10, 10, 0 (10, 10, 0
20 5 (125, 75, 0) (10, 10, 0)
20 10 (15 5, 0) (10, 10, 0)
20 15 (175, 25, 0) (10, 10, 0)
20 20 (20, 0, 0 (10, 10, 0)

or (10, 0, 10)
20 25 225, 0, 25) (125, 0, 12.5)
20 30 ( 25, 0, 5) ( 15,0, 15)
20 35 275, 0, 75) (175, 0, 17.5)
20 40 ( 30, 0, 10) ( 20, 0, 20)

In figure 34 the OOCS-rule and the ADMCS-rule are compared graphically
on imputation sets. The minimal and maximal offers of the winning bidder (table
12) are both the end points of the respective edge-core. The OOCS-rule (and 2-
agents’ Shapley-rule) is the arithmetic average. This is the consequence of the
introduced “modified axiom of balanced contributions”.

On the left side, the NPV that is offered by supplier 1 is better that that of
supplier 2. The ADMCS-rule completely ignores the bid of supplier 2 that is
here the “outside option”, and the NPV is divided by halves between the princi-
pal and the supplier 1. In opposite, the OOCS-rule considers supplier 2’s bid.
Furthermore the OOCS-rule lies inside the core or the PCore. Therefore it is sta-
ble against the offer of the outside option, being a CPNE.

In the middle image, the NPV’s of both suppliers are identical. There are 2
ADMCS-rules, and the principal is indifferent between both suppliers. However
none of these values is stable in the sense of the core / PCore. In opposite, the
OOCS-rule is unique and equals the unique point of the core / PCore.

On the right side, supplier 2 offers a higher NPV. In this particular case, the
ADMCS-rule is inside the core and therefore stable against the other sub-
coalition. However the OOCS-rule is in the centre of the core / PCore and con-
siders the outside option, the excluded supplier 1.
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o Characteristic
function
P; S1 20
P; S2 15
S1; S2 -
OOCS-rule
A 17,5
O0OCS-rule B 2’5
AD-rule = C 0
Myerson-rule for ADMCS-rule
coalitiorwtructures A 10
A < B B 10
Core = PCore C 0
o Characteristic
function
P; S1 20
P; S2 20
S1; S2 -
O\ OOCS-rule
AD-rule = A 20
Myerson-rule for B 0
coalition structures C 0
l’ ADMCS-rule
OOCS-rule B LA]10 [A]10
%ore = PCore 0 B110 B} O
C 0 |C|10
. Characteristic
function
P; S1 20
Core = PCore P; S2 40
S1; S2 -
OOCS-rule
A 30
AD-rule = B 0
Myerson-rule for
coalition structures c 10
ADMCS-rule
OOCS-rule A 20
A B B 0
C 20

Fig. 34. Core, PCore, ADMCS-rule and OOCS-rule if supplier 1 has better offer that

supplier 2 (by the author)
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Hence, the OOCS-rule has the following advantages in comparison with the
ADMCS-rule:

— The OOCS-rule is unique while if both alternatives are equal, the
ADMCS-rule has 2 solutions.

— The OOCS-rule considers the impact of the outside option while the
ADMCS-rule provides 50%-50% divisions among the “productive
component”.

— While an agreement that is according to the ADMCS-rule is possibly
broken immediately in dynamic setting, an OOCS-rule based agreement
is stable in the sense of the core / PCore.

— The OOCS-rule does not require the mutual assumption of the other
agents’ rationality, while the ADMCS-rule requires.

2.4.4. The impact of private information on the deployment of
the OOCS-rule

If the suppliers are able to hide their maximally possible bids, i.e. their reserva-
tion bids, the question of private information comes to the fore, which has been
explicated in chapter 2.4.3.

As the result of the auction iteration, only the weaker supplier 4, reveals

his reservation bid. The weaker supplier does not profit by not revealing and
continues the iteration, until his reservation bid is public information. In figure
35 it is 40. For the stronger agent it is generally advantageous not to reveal his
offer (Vickrey 1961). Therefore he only exceeds S2’s offer marginally. The
principal may “speculate” on a higher reservation bid of S1, but this does not
lead to S1’s new revelation, as long as S1 does not expect the principal to dis-
cover his real reservation bid. This might change by the screening or monitoring
by the principal. If S1 assumes that the screening or monitoring by the principal
discovers his reservation bid, he does not have any more incentive to cheat.
Then, the revelation of the reservation bid becomes incentive-compatible.
Another possibility for the principal to discover a higher reservation bid of
the strongest supplier is to “speculate” and to give credible signals of expecting
it. The possible situation of mutual bluffing is not delved here. In this case it is
only restrictedly possible to predict the negotiation result, as the prediction de-
pends on the public information. However, the relevance of the OOCS-rule is
not affected. It is calculated on the basis of the revelations. Expenses for screen-
ing and monitoring cannot be transferred by the principal to a supplier. In figure
35 the case of fraud reservation bid yields the profit distribution:
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00CS =(40;20;0). If S1 reveals his reservation bid correctly, it yields:
0O0CS = (50;10;0).

Network Fraund reservation Inecentive-compatibility
bid revelation by S1: for 51 to reveal the real
reservation bid
(e.g. 51 assumes monitormg
_ Em—
51:best bid that remams | 0;|agent=1 | 0:|agent{ =1
ﬂ-m;ﬁmmm , _jmoorig={4:F | = _|"60"g={4:F}
I P: zelects zgent ¥ =I-D;g={A:;P} ¥ i g= {A:;P}
with befter bid \Gg=fa4:P 4Pl |0:g={{4:PL{4,: P}
2: zecond-best bid that SE CoemEa SE B
becomes public mformation

Fig. 35. Coalition structure in 3 agents’ network with private information, revelation of
fraud reservation bid and real reservation bid by S1 (by the author)

2.5. Outcome and stability predictions for
agreements in models with mass markets

The author comprehensively collects the outcome and stability predictions for
agreements in models with mass markets. The mass market games that have the
structure of the supply chains of figure 28 are not suitable for the use of the
ADMCS-rule or the introduced OOCS-rule as profit distribution rules directly.
Only 2 agents are individual deciders. The mass market itself just reacts on the
decisions of the 2 suppliers who anticipate its reaction. Therefore the mass mar-
ket games are by far less complex than games with 3 individual agents

However, the games with mass markets and with individual customers are
similar, due to the fact that the intention of cooperation is to achieve a Pareto-
efficient outcome. In both kinds of models, the “added value” is the difference
between the outcome that is based on the completely mutually non-cooperative
decisions and the actual outcomes. In the case of mass market games, the added
value of cooperation is the difference of the “sum of the profits of both suppliers
in the Cournot-Nash-equilibrium” and the “sum of the profits in the cartel solu-
tion”. The Pareto-efficient solution that is comparable with the outcome that is
recommended by “profit distribution rules” is the “cartel” and is generally the
result of negotiation (chapter 1.4.1.4).

The major difference between the games with mass markets and games
with individual customers refers to the stability of cooperation. Cartel solutions
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and any other solutions that contain “added value” are usually not stable against
unilateral defections of one or both agents. They do not fulfill the criterion of
being a coalition-proof Nash-equilibrium. Therefore, each supplier has the in-
centive to deviate from the cartel agreement and improving his own situation at
the expense of the other one. Particularly the last round of a TIT-FOT-TAT
model equals a one-round game. Therefore cooperation may break down at the
end in accordance with the “end game effects” (chapter 1.4.1.5).

Nevertheless, there are certain reasons, why cooperative outcomes are “not
completely unstable”. The TIT-FOT-TAT models contain the “threat of retalia-
tion” which is the crucial incentive for not defecting from a cooperative solution.
Furthermore, cultural institutions or trade usages (chapter 2.1) may facilitate that
the negotiation outcome is “respected”.

In table 14, the stability of agreements among agent that supply a mass
market is discussed.

Table 14. Discussion of the stability of cooperation in models with mass market cus-
tomers, in dependence of the number of rounds and the possibility of negotiation (by the
author)

Arguments Model with 2 suppliers and a mass market
for Time: 1-round Time: more than one round
No negotiation | Negotiation No negotiations | Negotiation possible
possible
Stahbility: Wishto achieve Pareto-efficient outcome
meentives to Negotiation Negotiation outcomes
play outcomes may may be respectad dus
cooperatively berespectad to culture of trade
dueto culture usages
of trade uzages
Threat of retaliation
Instability: |Possibility to gzin higher profit at the expense of the other zgent
mesntives to [N threat of retaliation
play non- No Communication
cooperatively | commumication only by the
possible observation of
previous rounds
“End game effects™ equality with
1-round games in last round, due to
the lack of threat of retaliation

Thereby the focus is on the contradictory incentives of playing coopera-
tively and non-cooperatively. It is distinguished between the following co-
opetition models:

— One-round model without communication
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One-round model with communication, i.e. possibility of negotiation
Many-round model without communication
Many-round model with communication, possibility of negotiation.

2.6. Outcome and stability predictions for
agreements in models with individual customers

2.6.1. The outcomes of negotiations and renegotiations

Now the author comprehensively develops the outcome and stability predictions
of agreements in models with individual customers. Negotiations only take place
in the relationship with individual agents. Therefore, the relationships with in-
dividual are generally by far more complex than “relationships” with mass mar-
kets. In general, the negotiation outcome is not predictable, as it does not only
depend on the prerequisites of each agent, but also on his negotiation skills, or
whether he is in a good shape, etc. Nevertheless, profit distribution rules provide
a prediction about how the outcome would look like, if each agent was a “tough
negotiator”, fulfilling the ideal of the (intended but bounded) rational decider.
The successful negotiation leads to an agreement that may contain:

Mutual commitments and obligations,
Duration,
Profit distribution.

Contractual punishments (for the case that one partner breaks the agree-
ment).

If renegotiations take place, they may refer to

the switch of the cooperation partner or
the change of the profit distribution among the partners.

The 3 agents’ network with 2 suppliers and the principal is regarded. The
agent (supplier) who is outside the “productive component” is excluded and
represents the outside option. The cases are compared whether

Renegotiations are not possible (static models),

Renegotiations are possible (dynamic models): Agent switching costs
high (not possible),

Renegotiations are possible (dynamic models): Agent switching costs
low (possible).

If renegotiations are not possible, the decision is unique and irrevocable.
Even if the project takes place over a certain time, the model is static. There is
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“1 round”. If renegotiations are possible, the model is dynamic. In this case, the
decisions are made on the basis of the residual net present values.

2.6.2. Static models: profit distribution rules for stable
agreements

In the case that renegotiations are not possible the agents make a unique decision
and implement the agreement over the whole period of the agreement. For in-
stance, an enterprise selects its enterprise resource planning software (chapter
2.3.3). The decision may affect the business processes in the company for more
than one decade. However, the decision is unique and neither the agreement
partners nor the profit division are revocable. Therefore it is a static model. In a
static game with coalition structures, where there are 3 agents and 1 excluded
agent, the OOCS-rule is appropriate. As shown in chapter 2.4.3, the OOCS-rule
is advantageous towards the ADMCS-rule because:

— it considers the impact of the excluded agent, i.e. the outside-option and

— 1is stable in the sense of the coalition-proof Nash-equilibrium (chapter
1.4.1.6)
The ADMCS-rule is not stable against a subgroup blocking that is initiated
by the excluded agent.
For games with grand coalitions, the profit distribution rules are

— the Shapley-rule (unrestricted characteristic function) or

— the Myerson-rule (restricted characteristic function)
respectively. If the characteristic function is balanced but not convex, there ex-
ists a stable (restricted or unrestricted) grand coalition, but the Shapley-rule and
the Myerson-rule do not yield a stable allocation. If the characteristic function is
unbalanced, coalition structures inevitably emerge.

In figure 36 the characteristic function from figure 34 (left) is taken with
the assumption that all information is public. It is expected that the average em-
pirical negotiation results coincide with the OOCS-rule and not with the
ADMCS-rule, being the result of the auction procedure (chapter 3.4). However,
as the negotiation result is in general not determinable, a certain small deviation

& with £, =& + &, is possible, as long as the allocation remains in the core
or PCore, 1. e. being a CPNE (chapter 1.4.1.6).
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c Coalition values
AB 20
AC 15
BC 0
ABC 0
OOCS-rule
AD-rule =
MMyerson-rule for
N coalitiorwtructures B
<o
Core = PCore
Assumed average of OOCS-rule ADMCS-rule
empirical results
P S, S, P S |S, | P|S | S,
175—-¢&, 25+ €& 0+&g, 17.5 2.5 0 10 10 0

Fig. 36. Comparison of the assumed average empirical results with the OOCS-rule and
the ADMCS-rule (by the author)

2.6.3. Dynamic models, low agent switching costs: relevance
of the introduced OOCS-rule

In the case of low agents switching costs, the relationships are volatile. The
principal may switch his supplier at any time at negligible expenses. During the
period of the project, the excluded agent has enormous impact on the relation-
ship between the cooperation partners, as he serves as the outside-option. Thus,
it is the situation of permanent negotiation, or a permanent “ex ante” situation.
In each round an auction is implemented (either openly or tacitly), where the
excluded weaker supplier reveals his reservation bid and the actual contractual
supplier expresses his maximal bid (whether true or false). This bidding refers to
the residual net present values, i.e. the discounted sum of all present values from
the respective round till the end of the project.

As the added value of the stronger supplier (compared with the maximal bid
of the weaker supplier) is distributed equally, the appropriate allocation rule is
the outside-option-modified allocation rule for coalition structures (OOCS-rule).
As the OOCS-rule is a coalition-proof Nash-equilibrium,

— the agreement is stable also without the assertion by a super-ordinate in-
stitution and

— the agents do not necessarily assume each other’s rationality.
However as time-inconsistency is ubiquitous (chapter 2.3), the agreement is
steadily endangered. As the OOCS-rule is in the middle of the PCore, “small
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changes” do not necessarily lead to the breach of agreement. As soon as the
agreed profit division is not in the PCore any more, it can be blocked by the al-
ternative subgroup, i. e. the principal would switch to the other supplier. Figure
37 depicts the profit distribution rule that assures stable agreements for low
agent switching costs:

ex ante ex post = ex ante

Negotition 1 Renegotiation (in each round):

P selects §, or §, LP selectls 51.‘“ X :

Negotition 2: 2. Profit division between P and selected supplier

Profit division under the 00CS-value

influence of the weaker supplier | I | (.t
| | [ |
1 2 3 4

Fig. 37. supplier selection, agreement conclusion and renegotiation in project with low
agent switching costs (by the author)

2.6.4. Dynamic models, high agent switching costs: relevance
of the Aumann-Dréze-rule and Myerson-rule for coalition
structures

If the costs of switching the agent are high, it is assumed that it is “too expen-
sive” for the principal to switch the supplier after contract conclusion, so that the
partner selection cannot be reversed, i. e. there is no outside option. However in
opposite to the static models, the existing agreement between the principal and
the selected supplier can be renegotiated concerning the profit division.

For example, an enterprise orders a special machine that is considered to be
supervised by the supplier over a longer time. The enterprise cannot order an-
other supplier for the supervision of this machine, but has the possibility to make
the supervision on his own. The supplier can be only revised under very high
expenses. However the enterprise may renegotiate the conditions with the se-
lected supplier. Switching costs can be increased artificially by the agreement,
i.e. by contractual punishment.

In the case of high agent switching costs, it has to be distinguished between

— ex ante (before the contract conclusion, negotiation) and
— ex post (after the contract conclusion, project).
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Strict interpretation

The ADMCS-rule and not the OOCS-rule is the appropriate allocation rule
to predict the result of the negotiation. The non-validness of the OOCS-rule in
the strict interpretation becomes obvious considering the principle of backward-
induction. The following procedure is implemented:

— The principal holds an auction, where the suppliers “improve” their offer
iteratively

— The weaker supplier reveals his reservation bid and leaves the auction
— The principal indents to make the agreement with the strongest supplier

— Both agents predict that in the ex post phase the selected supplier would
become dissatisfied with an agreement based on the OOCS-rule. He
would claim the half of the total outcome in accordance with the
ADMCS-rule, as soon as the weaker supplier is excluded. Therefore, the
principal and the selected supplier directly make an agreement in accor-
dance with the ADMCS-rule.

However this might seem paradox, as the weaker supplier S2 is able to ex-
ceed the offer of the stronger supplier based on the ADMCS-rule. Subsequently,
S1 would exceed S2’s offer. The result would be a recursive procedure that
would not end in an agreement. Therefore the ex ante phase is divided into

— the auction part where both supplier participate and

— the bilateral negotiation phase, where the principal and the selected sup-
plier negotiate about the profit division.

“Pragmatic” interpretation

The strict result is unlikely to occur in real interaction. It would be claimed
that the principal and the selected supplier immediately challenge the agreement
after its conclusion and start to renegotiate. It is assumed that the agreement
holds 1 round before it is challenged. Thus, renegotiation starts referring the 2nd
round (by the author).

Figure 38 depicts the profit distribution rules that assure stable agreements
for high agent switching costs. It is distinguished between the “strict” and the
“pragmatic” interpretation:



110 2. DEVELOPMENT OF A FRAMEWORK FOR CO-OPETITION MODELS

Strict interpretation

ex ante ex post

Eii t:tastlso no}":S Renegotiation (in each round):
P Profit division between P and selected supplier
Negotiation 2; ‘
Profit division considering the Aumann-Dréze-value
exclusion of the weaker supplier ‘ I I I I ;t
1 2 3 4
,Pragmatic® interpretation

ex ante ex post

Negotiation 1: :

Renegotiation (in each round);

Pselects , or 8, Profit division between P and selected supplier

Negotiation 2: .

Profit division for 1% round under OOCS-value | Aumann-Dréze-value )

the influence of the weaker supplier I I I I B
1 2 3 4

Fig. 38. Supplier selection, agreement conclusion and renegotiation in project with high
agent switching costs, strict interpretation (top) and “pragmatic” interpretation (bottom)
(by the author)

In order to prevent the supplier switch, a contractual punishment can be de-
termined in the agreement. In the case of a breach of agreement, the principal
would pay a penalty to the actual supplier so that the breach loses its advanta-
geousness. The minimal contractual punishment CP is the maximal difference
of the residual net present values (by the author):

min(CP)= arg max(NPV,,, — NPV, ) (3.15)

2.6.5. Dynamic models, special case: the residual NPV slope
only with expected events

If renegotiation is possible in a round based game, the net present values have to
be recalculated and updated in each round. Without unexpected events the
agents move along one “residual NPV slope”. Each predictable or expected
event or development is already included in the NPV and does not change it.

The residual NPV of agent 1 at the moment 7 is expressed: NPV
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Supplier Present values in period
1 2 3 4
S1 80 80 80 80
S2 40 40 40 40
Low agent switching costs: OOCS-rule
P 60 60 60 60
S1 20 20 20 20
S2 0 0 0 0
High agent switching costs (strict interpretation): ADMCS-rule
P 40 40 40 40
S1 40 40 40 40
S2 0 - - -
High agent switching costs (“pragmatic” interpretation):
1* round: OOCS-rule, 2"* — 4™ round: ADMCS-rule

P 60 40 40 40
S1 20 40 40 40
S2 0 - - -
Deviations & possible with &, = &4, + £, as long as allocation CPNE

Fig. 39. Extreme case of linear residual NPV slopes of both suppliers, S1 is the stronger
supplier (by the author)

Figure 39 shows the theoretical extreme case (by the author) that the princi-
pal does not have any information about events that will take place during the
time of the project and are relevant for the change of the present values. In this
case the residual NPV slopes are linear, i. e. the present values are constant. The
left image depicts constant present values of supplier 1, the middle image of
supplier 2. The right image shows their residual NPV slopes. In this case they do
not cross. In the table below, the profit distributions are listed for all 4 rounds
and for low and high agent switching costs in accordance with the chapters 2.6.3
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and 2.6.4. For the high switching costs it is distinguished between the strict and
the “pragmatic” interpretation.

3
o NEEEE:
1|:||:| ...... ...... ...... ...... ..... ']DD ..... ...... ...... ...... ..... EDD esidua| NP'\,."'S Df S
idual MPY's of 5]
160
a0 100
S S A0
1] ; ; ; ; 1] ; ; ; ; ] . . . )
T2 3 4 T2 3 4 T2 3 4
Supplier Present values in period
1 2 |3 4
S1 60 50 40 30
S2 40 45 55 65
Low agent switching costs: OOCS-rule
P 50 47.5 47.5 47.5
S1 10 2.5 0 0
S2 0 0 7.5 17.5
High agent switching costs (strict interpretation): ADMCS-rule
P 30 25 20 15
S1 30 25 20 15
S2 0 - - -
High agent switching costs (“pragmatic” interpretation):
1* round: OOCS-rule, 2" — 4™ round: ADMCS-rule
P 50 25 20 15
S1 10 25 20 15
S2 0 - - -
Deviations & possible with &, = &4, + £, as long as allocation CPNE

Fig. 40. Model only with expected events: present values of both suppliers, expected
residual NPV changes, crossing of the residual NPV slopes (by the author)

If there is ex ante information about future changes, it is considered in the
residual NPV curve (by the author). For instance, the stronger supplier may “re-
veal” ex ante that after the 3rd round he is able to increase his production. Or the
weaker supplier that can be expected to become the outside option “reveals” that
in the 4th round he makes an investment and is able to supply cheaper. It is cru-
cial, whether the residual NPV slopes cross or not. If they do not cross, the prin-
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cipal does not get the wish to change his supplier. However he wants to change
the profit division. Figure 40 shows the case of expected changes of the present
values with the crossing of the residual NPV slopes. In the table below, the
profit distributions are listed for low and high agent switching costs.

2.6.6. Dynamic models, generalization: The residual NPV slope
also with unexpected events

It is more general to assume that unexpected events are possible (by the author).
Due to the ubiquity of time-inconsistency, the exclusion of unexpected events is
a simplification or a theoretical extreme case. As the unexpected changes of the
residual NPV’s take place continuously, it is important to restrict the model on
“important changes”. As soon as the unexpected event takes place, the agents
switch to another residual NPV slope as the basis of decision.

Figure 41 shows the surprising changes for both suppliers. There are 2
“shocks” that cause changes of the residual NPV’s. The upper row depicts the
situation at the outset. The upper-left image shows the present values for each
round of supplier 1, the upper-middle image those of supplier 1. The upper-right
image shows the residual NPV’s of both suppliers. The principal should select
supplier 1. The impact of the 1st shock is shown in middle row. It will take place
in the 2nd round, without that any agent knows it at the outset. The change con-
cerns supplier 2, who surprisingly can improve his upcoming present values. If
the principal has the possibility he should switch from the 2nd to the 1st sup-
plier. The bottom row depicts the impact of the 2nd shock, which surprisingly
influences suppliers 1’s upcoming present values in the 3rd round. If the princi-
pal has the possibility he should switch back from the 1st to the 2nd supplier.
However the crossing of the residual NPV’s does not lead to any switch of the
cooperation partner in the case that the switching costs are be too high. As well,
the profit distributions are listed.
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Supplier Present values in period
1 2 3 4
S1 30 40 55 65
(Shock 1) - 40 55 65
Shock 2 - - 75 85
S2 45 30 40 55
Shock 1 - 60 65 70
(Shock 2) - - 65 70
Low agent switching costs: OOCS-rule
P 37.5 50 70 77.5
S1 0 0 5 7.5
S2 7.5 10 0 0
High agent switching costs (strict interpretation): ADMCS-rule
P 22.5 30 32.5 35
S1 0 - - -
S2 22.5 30 32.5 35
High agent switching costs (‘“pragmatic” interpretation):
1* round: OOCS-rule, 2"* — 4™ round: ADMCS-rule
P 37.5 30 32.5 35
S1 0 - - -
S2 7.5 30 32.5 35
Deviations & possible with &, = &4, + £, as long as allocation CPNE

Fig. 41. Model with 2 shocks: present values of both suppliers (left and middle column),
residual NPV’s (right column), shock 1 (middle row), shock 2 (lower row)



2. DEVELOPMENT OF A FRAMEWORK FOR CO-OPETITION MODELS 115

2.7. Chapter summary

— The theoretical propositions are mainly contributions by the author.

— Co-opetition is a perspective on business relationships that focuses on
the concurrency of competition and cooperation (from literature). The
crucial determinants of a co-opetition model are institutions, industrial
boundaries and time (by the author).

— Agreements are ubiquitously time-inconsistent among others due to
changing preferences, skills and information (by the author). However
the dissatisfaction of some of the participating agents does not lead to a
breach of contract, as long as these agents do not find advantageous al-
ternatives.

— The author introduces the “Outside-option modified profit distribution
rules for coalition structures (OOCS)”, which has the axioms “Pareto-
efficiency within the productive component” and “modified symmetry”
(which is the result of an auction) where the principal gains by the actual
partner “the maximal proposal of the excluded agent plus the half of the
actual partners additional proposal”.

— In co-opetition models with mass markets there are opposing incentives
for acting cooperatively and non-cooperatively (collected from various
literature, assembled by the author). The incentives for cooperation are
the wish of achieving Pareto-efficient outcome, the threat of retaliation
and cultural aspects. The incentives for defection from cooperation are
the anticipation of the others’ non-cooperative behavior, end game ef-
fects. Hence, no exact predictions are possible.

— In co-opetition models with individual customers it is distinguished be-
tween (by the author): high costs and low costs of switching the coop-
eration partner. If the switching costs are high the Aumann-Dréze-rule is
appropriate. If the switching costs are low, the OOCS-rule is appropri-
ate. If parts of the information are private, the choice of the profit distri-
bution rule is not affected. Switching costs can be artificially generated
by “contractual punishment”.






Experimental verification

of the developed theory
concerning the modelling
of enterprise co-opetition

In this chapter, the co-opetition models concerning the stability of agreements
are practically investigated by the author by internet based experiments. The in-
dustrial supply chain models with mass markets (chapter 2.5) and with individ-
ual customers (chapter 2.6) are investigated. Ideal-typical examples have been
calculated with the software “MATLAB”. Internet experiments have been im-
plemented. The economic experimental software “z-tree” has been used in order
to create an environment that corresponds to the requirements of the microeco-
nomic and game theoretic models. The results of the experiments are evaluated
and compared with the theoretical predictions.

3.1. The implementation of the experiments

3.1.1. Overview of the deployed software

The programs that are deployed for the experiments are:

117
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Microsoft Word,

MATLAB (matrix laboratory),

z-tree (Zurich Toolbox for Readymade Economic Experiments),
Microsoft Excel,

Microsoft Powerpoint.

Microsoft Word

Microsoft Word is the most widespread document preparation system. The
dissertation has been written using the program.

MATLAB

MATLARB is a mathematical program that has been originally developed for
numerical calculations which remains its emphasis. Additionally, in newer ver-
sions the possibility of symbolical calculations has been introduced. It is a popu-
lar program in the industry and in the academic world. The term “MATLAB”
stands for “matrix laboratory”. MATLAB’s strengths are matrix manipulations,
the plotting of functions and data and the implementation of algorithms that are
written in a proper programming language.

In the thesis it is used in the experiments with mass markets for:

the calculation of quantities, prices and profits at the Cournot-
equilibrium,
different graphical depictions of the collected empirical data,

the comparisons and evaluations of the collected empirical data in order
to prove or disprove the theoretical predictions.

It is used in the experiments with individual customers for:

the graphical depictions of the predictions of the profits of the different
rounds in the case of expected and unexpected events (it has been used
in chapters 2.6.5 and 2.6.6 for the introductory examples in the figures
39,40 and 41),

the analysis of the collected empirical data and its depiction in compre-
hensive tables,

the comparisons and evaluations of the collected empirical data in order
to prove or disprove the theoretical predictions.
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zZ-tree

The games of the experiments have been programmed on the software platform
“z-tree” that has its core competence at round-based computer experiments for
the research in game theory and microeconomics. It can be implemented in PC-
pools and via the internet. In the z-tree tutorial (Fischbacher 2007), the program
is described as follows:

— “z-Tree (Zurich Toolbox for Readymade Economic Experiments) is a
software for experimental economics. The z-Tree program was devel-
oped at the University of Zurich. This software package allows to devel-
op and to carry out economic experiments. In this program features that
are needed in most experiments are generally defined. Among them are
the communication between the computers, data saving, time display,
profit calculation and tools for screen layout. A further strength of the
program lies in the versatility: It can be used for a wide range of possible
experiments such as public good experiments, structured bargaining ex-
periments or markets - including double auctions and Dutch auctions.
Moreover, experiments can easily be composed and combined.”

— “z-tree” has its own programming environment which demands of the
programmer to use various graphical elements that are hierarchically
structured. Additionally it has a proper programming language that is
object-oriented. Before the program is executed, the graphical program-
ming elements and the included source code are transformed by the pro-
gram into a source code text.

The network communication is based on the internet protocols TCP/IP, i. e.
“z-tree experiments can be implemented both in a PC-Pool and over arbitrary
distances. The program is executed in a network on a “z-tree server”. Clients of
arbitrary number can log into the server. The program that has to be installed on
the client computers is called “z-leaf”. If the clients are not in the same local
area network (LAN) like the server, they have to find the server over the public
internet. Then, each participant that plays on distance has to be instructed to do
the following preparation steps:

— Making a directory with a copy of “z-leaf.exe”,

— Copying the file “server.eec”, which contains the IP-number (e. g.
192.168.2.102) of the server into this same directory,

— Adapting the firewall settings on the client computer.
In the thesis it has been used to program all experimental games. Each
round consists of:

— a stage with decision (and in some games negotiation) masks,
— a stage for the profit depictions.
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Microsoft Excel

Microsoft Excel is the most widespread spreadsheet application. It is also a
powerful tool for data analysis. It is used to store the experimentally recorded
data. Furthermore the data is categorized. It is used in order to recognize, group
and count the participants’ decisions or certain combinations of decisions. These
are the preparation steps for the graphical depictions that are made with MAT-
LAB.

Microsoft Powerpoint

Microsoft Excel is the most widespread application for presentations and
the production of figures. The vast majority of the figures or components have
been made with Powerpoint.

3.1.2. Description of the particular experiments

In accordance with the chapters 2.5 and 2.6,
— the mass market games with backward-induction based decisions and

— the games with individual customers, where outcomes are predicted with
the allocation rules like the ADMCS-rule and the OOCS-rule
are investigated (Stein, Ginevicius 2010b) by the author and voluntary partici-
pants.

Mass market games are bilateral, due to the fact that the experiment partici-
pants can be only in the role of the individual agents. The mass market itself just
reacts on decisions and these decisions are anticipated by the participants. Based
on table 14 in chapter 2.5 the following questions are investigated:

— The stability of agreements facing the opposite incentives for non-
cooperative and cooperative decisions,

— The impact of the possibility of negotiation on the actual decisions, if
agreements are non-binding,

— The impact of retaliation in TIT-FOR-TAT models,

— End game effects: the break-down of cooperation at the end of round-
based games.
As shown in figure 42, it is distinguished whether:

— The suppliers are not linked,

— The suppliers are linked.
Furthermore it is distinguished between:

— Games with unique decisions, i. e. static games,
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— Dynamic games with round based decisions.

Suppliers Network | Rounds Chapter z-tree file
Not linked |1 322, |1 3.2.211-cournot-
S1 equilibrium.
5 3 ztt, Appendix C
S2

Linked 1 322, |2 3.2.2.2-cournot-
negotiations.
ztt, Appendix C

Fig. 42. 4 experiments with mass market games

All other networks with mass markets from figure 28 are based on the “triv-
ial components” of figure 29. Therefore they are not delved here.

For the games with individual customers it is investigated, whether the sta-
bility of agreements can be achieved by the allocation rules in the way, as it is
proposed in chapter 2.6. The practical investigation is made in order to confirm
or reject the predictions of whether human deciders behave according to:

— the ADMCS-rule,

— the introduced OOCS-rule.
The cases are shown in which the OOCS-rule is superior in comparison
with the ADMCS-rule. The dynamic games are divided into those with

— high costs of switching the cooperation partner and those with

— low costs.
Furthermore the games are distinguished referring the “information prob-
lems”, i. e. between

— the special case of purely public information and the general case of
possible private information and

— the special case of purely expected events and the general case of possi-

bly unexpected events.

If the agent switching costs are high, presumably the weaker supplier is ex-
cluded and the game is played bilaterally. The case with unexpected events is
not regarded, due to the fact that in a bilateral game there is no significant differ-
ence to the case of only expected events. In both cases both remaining agents
simply renegotiate their profit division. Hence, the 6 relevant experiments with
individual customers are depicted in figure 43.
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Network |Rounds |Agent switching | Information Chapter
costs Events Of other agents

4 High Only ex- Complete 33.1. |1
pected Incomplete 12 ]

4 Low Only ex- Complete ER
pected Incomplete 4

4 Low Also unex- |Complete 332, |1 |
pected Incomplete 2

Fig. 43. 6 relevant experiments with individual customers

Several variants of games with individual customers are excluded:
— The 3 networks of figure 30, as they consist of “trivial components”,

— Static auction games (1-round), being implicit in the last rounds of the
games with low agent switching costs,

— The grand coalition and the restricted grand coalition from figure 31, be-
ing not relevant for the OOCS-rule and the ADMCS-rule because of not
having agents that are excluded.

3.1.3. The implementation of the experiments over the internet

The experiments have been implemented via the internet. The participants have
been collected via social networks like the worldwide successful
“www.facebook.com” and the German language “www.meinvz.de”. Acquaint-
ances have received announcements which they have sent to their acquaintances.
Personal email contact has been built up with about 60 people, which have re-
ceived a small electronic package with the client program “z-leaf.exe” and the
file “server.ecec”, which contains the IP-address of the server. All participants
had to adapt the firewall settings, in order to enable the connection of the client
to the server. Over the time, when the participants have been collected, the z-tree
server program has been running and the participants had to log into the server
for testing, which has been recorded.

For each experiment implementation a particular appointment has been
made with a fixed time. The number of implemented experiments has depended
on the actual participants. All participants received emails with instructions. Af-
ter about 10 minutes, the experiments have started with test rounds. This proce-
dure has been repeated, until all planned experimental games have been imple-
mented.
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10 experimental games have been played 48 times per each, i.e. 480 games
have been played (Stein, Ginevic¢ius 2010b). 8 separate teams of 6 participants
have been established. The number of participants has to be divisible through 2
and 3, i. e. through 6, in order to enable the division of the participants into
groups of 2 or 3 agents. Each group has played each one of the 10 games 6
times.

The participants do not know more in advance about the investigation than
that it is connected with game theory or micro-economics. In the instructions the
rules and aims of the game are shown. The participants have to pass one or more
practicing rounds in order to understand the game profoundly. The profound
game understanding is an important precondition for micro-economic research,
in order to give the possibility for the participants to make decisions close to
rationality, in accordance with the ideal of the “homo economicus”. The pro-
gram surface is a structured collection of forms and the decisions are made in a
round-based way. Decisions are made by selecting a “radio button” (typical mul-
tiple-choice selector) or typing amounts of money into the according fields.
There is a time limit, which allows on the one side profound contemplation, and
on the other side puts pressure on the participants to make a decision. If the par-
ticipant decides to let the time expire, it is equal to the decision of withdrawal.
The freedom of possible withdrawal is essential in all games, despite of the fact
that the withdrawal itself is not rational.

The entries of the participants are automatically collected by z-tree in a
spreadsheet that can be opened by “MS Excel”. All relevant “z-tree” data, i.e.
about the decisions and profits has been selected and copied manually into “MS
Excel” files for the evaluation. The collected data of the 10 games has been
graphically depicted, interpreted and used for the comparison with the theoreti-
cal predictions. The results of the mass market game experiments are shown in
cake and bar charts. The results of the games with individual customers are
shown in tables.

3.1.4. Peculiarities in the work with the participants

During the preparation phase of the experiments a variety of experience has been
collected that has had much influence on the parameter setting of the games. The
crucial challenge is the bounded rationality (chapter 1.2) of the participants. Six
referring important issues are listed in table 15:
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Table 15. Peculiarities in the work with the participants

1. | Participants make mistakes using the program.

2. | Decision problems should not be too complex.

3. | Decision problems should not be too simple.

4. | The aims of the game can be easily misunderstood and have to be
explained profoundly.

S. | Auction games without private information: the parameters should be
selected in a way that all participants have the incentive to participate
in the bidding.

6. | The organization of the games in the internet is challenging.

1. The participants do mistakes using the programs. In auction games they
frequently select the weaker supplier or a bad offer accidentally.
Therefore the programs should be explained profoundly. Profound
understanding is a prerequisite for rational decisions.

2. Games have to be constructed in a sufficiently simple way, in order to
avoid comprehensive introductions into economic theory and to avoid
the phenomenon that participants make decisions under time pressure
that are not profoundly understood.

3. Monotony is an important cause for participants’ exhaustion.
Subsequently, games should not be too simple and should be perceived
as a kind of entertainment. If a game has the same decision procedure in
each round, there should not be too many rounds. The games should be
played in an order that the more entertaining games are at the beginning.

4. There are frequently misunderstandings about the aims of the games.
Participants often think that they just fight against each other, assuming
wrongly it would be a zero-sum game. Subsequently, the participants
have to be told again and again, that their aim is the maximization of
their own profit, and others’ higher profits do not necessarily harm
oneself. For instance, this is remarked at the user interface.

5. In auction games without private information the problem occurs that
the weaker participant does not see any reason in participating in the
bidding procedure. This is not considered by the theory and biases the
results. As reaction, the maximal bids should be close to each other in
order to give the weaker participant the perception that he can win.
Furthermore, the bids should have small numbers in order to facilitate
tough negotiations about very small differences in the bids. Therefore no
maximal bid exceeds “100”.
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6. The explanation of the games via internet is more complicated than with
personal dialogue in a PC-pool. Instructions have been sent to all
participants and particular questions have been answered via email.

3.2. Investigation of the cases with 2 suppliers and a
mass market

3.2.1. Ideal-typical example of decision matrix for the mass
market models

The 4 experiment games with mass markets that are depicted in figure 43 have
always the same decision matrix in order to be comparable. The matrix has to
symbolize the conflict between individual rationality, which leads to the Cour-
not-Nash-equilibrium, and the collective rationality, i.e. Pareto-efficiency, which
enables the cartel solution. In the chapter 2.4.1.4 the calculation formulas for
Cournot-Nash-equilibria and for cartel solutions in oligopolies are comprehen-
sively explicated. The peculiarity of the mass market games is that there are both
incentives to decide in accordance with the Cournot-Nash-equilibrium (individ-
ual rationality) and with the cartel solution (collective rationality, Pareto-
efficiency).

— The variable cost parameters are chosen symmetrically and

— The level of homogeneity of the product or service is high,

in order to maximize the incentive to play cooperatively. With asymmetric vari-
able costs one supplier would obtain an inappropriately large advantage, 1. e. the
added value or the incentive to play cooperatively becomes small or negative.
With strongly heterogeneous goods the suppliers’ decisions would not affect
each other sufficiently. Table 16 shows the results of the calculations of chapter
1.4.1.4, 1. e. the quantities, the market price, the profits and the added value with
the parameters:

a=20;d=09;c =1; c, =1 4.1)

The added value of achieving the cartel solution in comparison with the
Cournot-Nash-equilibrium is 10.66 % in this case.
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Table 16. Quantities, market price, profits and added value of both suppliers in the
Cournot-Nash-equilibrium and the cartel solution

Symmetric cost functions

Duopoly Cartel
Quantity supplier 1 6.5517 5.00
Quantity supplier 2 6.5517 5.00
Total quantity 13.10 10
Price 7.55 10
Profit supplier 1 42.93 47.50
Profit supplier 2 42.93 47.50
Total Profit 85.85 95.00
Added value 9.15

10.66%

In table 17 the profits for both suppliers are depicted that result from the
combinations of the suppliers’ decisions. Instead of the reaction functions from
chapter 2.4.1.4, each supplier may decide “quasi-continuously” between the
quantities “5”, “5.5”, “6” and “6.6”. The cartel solution is (5; 5) and the Cour-
not-Nash-Equilibrium is (6.5517; 6.5517).

Table 17. Profits for different combinations of quantities of both suppliers with possible
individual quantity decisions “5”, “5.5”, “6” and “6.5517”

5 5.5 6 6.5517

St | 2 SI | s2 St | S2 St | s2
5 475 415 452 495 43 51 1405174 52.0749
55 | 495 452 | 47.025 47.025| 44.55 483 |41.8191 49.1266
6 51 43 483 4455 | 456 45.6 |42.6208 46.1783
6.5517] 52.0749 40.5174] 49.1266 41.8191| 46.1783 42.6208| 42.9252 42.9252

In order to make rational decisions easier for human deciders, the matrix
should be transformed into more handy numbers, without changing the structure
of the decision problem. Therefore the numbers are rounded in table 18 (left). In
the fields that depict the profits of (6; 6) and (6.6; 6.6), the rounding is made in a
way that contradicts the usual conventions. However, the structure of the deci-
sion problem remains identical and the numbers are more clearly represented.
On the right side of table 18 fixed costs of F' =40 are introduced. Fixed costs
are strategically irrelevant in this case. However the relative distance between
the best and the worst decisions is strongly reduced in order make the decision
problem more clearly arranged for human deciders. The lower-left triangle that
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includes the diagonal comprises all possible combinations of the participants’
decisions.

Table 18. Rounded profits of table 17 (left), consideration of fixed costs of 40 (right)

Rounded values from table 17 Inclusion of fixed costs of 40
5 5.5 6 6.6 5 5.5 6 6.6
S1|S2|S1|S2|S1|S2|S1|S2 S1|S2|S1|S2|S1|{S2|S1]|S2
5 148 [48]45]|50|43|51]41|52 5188|5103 |11]1]12
5.5]150 (4547474414842 |149|55]10| 5|7 |74 |18]2]|9
6 |51(43]148|44145(45]|43|46 6 |11|{3|8|4]|5[5]13]|6
6.6]52|41149|42146(43|44|44]]6.6]12| 1 ]9 |2]|6|3]|4]| 4

The matrix on the right side of table 18 is finally used for all mass market
experiment games. The calculations of the tables 16 and 17 have been made with
the  MATLAB  files  "cournot werte berechnung.m” and  "cour-
not_werte schnell. m” (Appendix C).

3.2.2. Experiments with the software “z-tree”: 2 suppliers and
a mass market

The participants play against each other, sitting at the client computers and using
the client program “z-leaf”. All 4 mass market games have the user interface as
shown in figure 44. In the upper row of figure 44 the decision masks are shown
that are in accordance with table 18 (right). On the upper-left image, negotia-
tions are not possible, which on the upper-right side they are possible through
the chat boxes. In the chat boxes a conversation is shown, where both partici-
pants commit to decide cooperatively. However this commitment is not binding.
Both participants are able to defect.

The lower-left image lists the own result and the results of the competing
supplier. In the case of round-based games the history of previous rounds’ prof-
its is listed. The lower-right image only refers to round-based games, where the
profits for both participants and the history of previous rounds’ profits are shown
as a bar chart:
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w 3 von B ] [
Your choice: ¢ 5units
= 5.5 units
* B units
6.6 units
5 55 6 6.6
5 (8:8) (5;10) (311) (1,12)
55 (10;5) (7.7) (4,8) (2,9)
6 (11;3) (84) (5,5) (3:6)
6.6 (12,1) (9;2) (6;3) (4, 4)

- Periode 1 von & I
M fr lier 1
Your choice:  (* 5 units R
" 5.5 units
G unit
~ unt S Supplier 1.1 make you a proposal...
6.6 units Supplier 1: Let's both decise to select 5 units
| pecision |
Messages from supplier 2
5 T 55 T ] T 66
£ (8:8) (5:10) [ (311) | (1;12)
55 | (10:5) (7:7) (4:8) (2:9) Supplier 2: 1 listen.
Supplier 2: | agree.
6 | (11,3) (84} (55} (3.6}
66 [ (12,1) (9:2) (6:3) (4.4)
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I:F'enode 3 wvon 5 1
Your Choice: 6
Choice ofthe other player 2
Your income in this period 8
Total profit: 27
Your opponent's income in this period 4
Period Profit: Other's profit Total Profit Other's total profit
1 B 4 8 ¢
2 11 3 19 4
3 g 4 27 7
[F*ermde 3 von 6 I
16
14
12
10
8
5]
4
2
2 1 2 2 4 5
-4

Fig. 44. Decision masks for games without (upper-left) and with (upper-right) communi-
cation, depiction of present and past profits for oneself and the other agents as table

3.2.2.1. Experiment 1: Unique decisions without
communication

In the 1st experiment there are 2 suppliers that:

(lower-left) and bar chart (lower-right) masks

— do not have the possibility to communicate,

— make a unique decision.
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The game is repeated 48 times, using the upper-left decision mask of figure
44. Each round is one game. The rounds are not connected, and in each round
the participants do not know each other. All quantity decisions of all experi-
ments are counted. As the decision matrix is symmetric, the participants’ deci-
sions are not counted separately.

Figure 45 shows the relative and absolute frequencies of the separate deci-
sions (left) and the combinations of the both participants’ decisions (right). Due
to the fact that no communication is possible it can be assumed that the partici-
pants decide “non-cooperatively” and select the quantity “6.6” (left) and just
decide in accordance with the Cournot-Nash-equilibrium (right).

48 games with 1 round, negotiation not possible
Single participant decisions: 96

E.6 units: B9 /71.88%

5 units: 5 /5212

5.5 units: 9 /9.35%,

Bilateral decisions: 48

40r &) ) &) 58)
30+ |
|
20+ :
: g 11
10+ : 5 3 l
| 1 1 1 1 1

EPE 5 B) B8 (G5 6 B8 B B B NE

Decisions of one agent in dependence of the other subject's decision

Fig. 45. Relative and absolute frequencies in static game without communication, totally
48 games with 96 individual decisions, separate decisions (left), combinations of both
participants’ decisions (right)
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3.2.2.2. Experiment 2: unique decisions and the possibility of
negotiations

The 2nd experiment is characterized by 2 suppliers that:
— have the possibility to communicate and may negotiate,

— make unique decisions.

The game is repeated 48 times, using the upper-right decision mask of fig-
ure 44. Each round is a game and after each round the participants are assigned
to new pairs. The participants can use the chat boxes for negotiations, as long as
they have sufficient reliance to talk with each other. They may negotiate about
the quantities, however the agreement is non-binding.

48 games with 1 round, negotiation possible
Single participant decisions: 96

B.6 units: 24 /f25%

B units: 13 M13.54%

5.5 units: 12 A12.5%

5 units: 47 A5 96%

Bilateral decisions: 48

ol ) (5.5] (B} [B.6)
18 :
af |
|
10} | - b 5
- g 4
1 il N B

GRPE (B3 B) BB 55 B) BB (] (b8 (BB} HE

Decigians of one agent in dependence of the ather subject's decision

Fig. 46. relative and absolute frequencies in static game with communication, totally 48
games with 96 individual decisions, separate decisions (left), combinations of both par-
ticipants’ decisions (right)
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As shown in chapter 2.5, the theoretical predictions are ambivalent. On the
one hand, the possibility of negotiation gives to the participants the possibility to
achieve the mutually advantageous cartel solution, which is decision 1 (5 units).
On the other hand, the cartel solution is not stable, due to the fact that retaliation
in a later round is not possible. Each agent has the incentive to defect from the
cartel solution. In that case decision 4 (6.6 units) is the mutually optimal solu-
tion, though it is not Pareto-efficient. Figure 46 shows the absolute and relative
quantities of the participants’ unilateral and bilateral decisions in the experiment.

3.2.2.3. Experiment 3: round-based game without
communication

The 3nd experiment is also implemented 48 times. There are 2 suppliers that:
— do not have the possibility to communicate,
— make a series of decisions over 5 periods.

48 games with 5 rounds, negotiation not possible
Single participant decisions: 480

E.BE units: 195 £40. 9%
5 units: ¥8 AM1B.3%

5.5 units: 100 £20.8% B units: 106 2294

Bilateral decisions: 240

BF ) 5.5) B )

B0+
a0

]
!
!
!

anr | 37
!
nf }
!

() PE (5 [ &8 5 [ &8 B) BB  [BEKE

Decigions of one agent in dependence of the other subject's decision

Fig. 47. Relative and absolute frequencies in S-rounds game without communication,
totally 48 games with 96 individual decisions, separate decisions (left), combinations of
both participants’ decisions (right)
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The experiment participants are connected as pairs at the beginning and
keep the same opponents till the end round. Precise theoretic predictions are not
possible either. As they cannot directly communicate (or do not trust each other
at all), the communication takes place through the mutual observation of the past
decisions. According to the principle of TIT-FOR-TAT models the threat of re-
taliation of aggressive decisions represents an incentive to cooperate. Addition-
ally to the general incentive to decide non-cooperatively, in the last round there
is no more threat of retaliation. Therefore the last round is strategically equiva-
lent to a static game. It has to be considered that the end game effects endanger
cooperative behavior over the whole game (2.4.1.5). Figure 47 has the same
structure like the previous 2 figures:

3.2.2.4. Experiment 4: round-based games and the possibility
of negotiations

In the 4th experiment the 2 suppliers:
— have the possibility to communicate,

— make a series of decisions over 20 periods.

The participants may negotiate about the quantities and the agreements are
non-binding. In addition to the previous experiment, the possibility of negotia-
tion might be an additional incentive to cooperate, despite of the problems of the
end game effects. The combination of multiple rounds and negotiations leads to
the most complex “relationships” between the participants of the 4 mass market
experiments. Figure 48 has the same structure like the previous 3 figures:

48 games with 5 rounds, negotiation possible
Single participant decisions: 480

B.BE units: 128 /26.7%

B units: 101 £21%

5 units: 177 /38.9% 5.5 units: 74 /15 4%

Bilateral decisions: 240
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Decisions of one agent in dependence of the other subject’s decision

Fig. 48. Relative and absolute frequencies in 5-rounds game with communication, totally
48 games with 96 individual decisions, separate decisions (left), combinations of both
participants’ decisions (right)

3.3. Investigation of the cases with 2 suppliers and
an individual customer

3.3.1. Ideal-typical examples for the auction models

It is an auction game, where both suppliers make the “selling bid” and the prin-
cipal makes the “buying bid”. If they match each other, the agreement is just
concluded for the next round. The agreement is not protected by a superior insti-
tution, and time-inconsistency possibly gives incentives for renegotiation. There
is the following 2-step initial (ex ante) bargaining:
— Determination of the cooperation partner and the exclusion of the weak-
er supplier,

— Bargaining with the selected supplier about the profit division.

In the special case that all upcoming events are known, each agent knows in
advance at least his own maximal bids in of each round. All information about
the future rounds is either public or private information. The principal selects the
supplier that guarantees the higher residual NPV. The distinctions are between:

— Low and high agent switching costs and between,

— Whether the maximal bids of the suppliers are public or private informa-
tion.

Each game is played with the participants 48 times. The results of all games

are collected in a “Microsoft Excel” file. The difficulties of the participants to

play rationally have been delved in the chapters 2.2 and 3.1.4. As the profit dis-
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tribution rules refer to the ideal of the rational decider, participants’ decisions
that are obviously not rational should be sorted out. The typical example is when
the principal accidentally selects the weaker supplier. A “rationality filter” is
used, where all games are sorted out in which at least one “obvious mistake” has
been made concerning the selection of the cooperation partner. On the other
hand, all other games are counted, independent of the actual negotiation result.
Afterwards average results are compared with the predictions by the OOCS-rule
and the ADMCS-rule. Therefore the relative deviations, the “deviation ratios”
are calculated.

Table 19. Ideal-typical examples for sequences of present values proposed by suppliers,
in the case that all events are expected, distinction between low and high agent switching
costs and between public and private information about the suppliers’ maximal bids

Variant Supplier |Present values in pe- |Remark
riod
1 2 3 4

Low switching costs, S1 50 | 55| 70 85 |Independent selection
public information S2 45 | 45 | 70 95 [of supplier
Low switching costs, S1 60 | 50 | 40 | 30 |[in each period
private information S2 40 | 45 | 55 | 65 [|(permanent “ex ante”)
High switching costs, S1 80 [(70)| (60)| (50) |Irrevocable exclusion of
public information S2 90 | 75 | 60 45 |“weaker” supplier in
High switching costs,| SI | 80 | 60 [ 50 [ 55 ]period I (exante),
private information 2 70 | (0) | (70)] (70) howc?ver selecFlon possible

by mistake periods 2-4 are

“ex post”

Table 19 shows ideal-typical developments of the four cases in 4-round-
games. In the case of low agent switching costs, the principal reselects the sup-
plier in each round (permanent “ex ante”). Therefore these are 3-agents’ games
in each round. If the agent switching costs are high, only the first round is a 3-
agents’ game, in accordance with the “case of pragmatic interpretation” in the
lower image of figure 38. From the 2nd to the 4th round these are 2-agents’
games between the principal and the selected supplier.

Afterwards, the general case is regarded that unexpected events may occur
during the time of the cooperation relationship. These unexpected events cause
the time-inconsistency of agreements and have been discussed in chapter 3.3. In
figure 32 the variety of reasons for time-inconsistency is depicted. However due
to the fact that the agents may enforce renegotiations in each round, there is no
structural difference in the decision problem. The same z-tree games are used,
but with different residual net present value functions. In games with “high
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agent switching costs” the problem of unexpected events is trivial. Bilateral rela-
tionships are established, where time-inconsistency can only lead to a new dis-
tribution of the updated common profit between the fixed cooperation partners.
The excluded agent is no “outside option”. Therefore games with “high agent
switching costs” are omitted in the context of unexpected events.

The sequences of present values that the participants are confronted with
are the result of the shocks that influence the residual net present values. In the
“z-tree” games these shocks are already anticipated and implicit. Table 20 shows
the MATLAB code that the maximal bids in the z-tree games are generated
from. “out_yl1” is the sequence of present values, i.e. of maximal bids that can
be proposed by supplier 1. “outyl ul” and “outyl u2” are the updated se-
quences of present values. The zeros refer to rounds that already have passed.
The time of the shocks is determined by the variables “shock1” and “shock2”.
The cases for the 2nd supplier and the game with private information are in ac-
cordance.

Table 20. Ideal-typical examples of Maximal bids and public (left) and private (right)
information and shocks for both suppliers

Maximal bids
Public information Private information
Shocks |shockl=2;: shock2=3; shockl=2; shock2=3;
Supplier |cut yl= [40 45 55 &5]; cut_yl= [65 55 50 40];
1 cutyl ul=[ 0 45 55 &5]; cutyl ul=[ 0 45 40 35]:%sheck 1
outyl ud=[ 0 0 70 80];%shock Zfoutyl ui=[ 0 0 40 35]:
Suppher |cut_v2= [50 45 50 55]: cut_vy2= [55 45 35 30]:
2 cuty2 ul=[0 &0 &5 70];%sheck lloutyd ul=[0 45 35 30]:
cuty2 u2=[0 0 &3 70]; outyd uz=[0 0 45 50];%3hock 2

The sequences of maximal bids in table 21 anticipate also the private in-
formation and the expected events. Therefore the table is made, as if all informa-
tion would be known. As the case of high agent switching costs is not regarded,
each round is an “ex ante” situation.

Table 21. Sequences of present values proposed by suppliers according to table 20,
based on unexpected events

Variant Supplier |Present values in period |Remark
1 2 |3 4
Low, complete |S1 40 45 170 |80 Independent selection of sup-
S2 50 |60 |65 |70 [plier
Low, incom-  [S1 65 |45 |40 |35 in each period (permanent
plete 2 55 |45 |45 |50 | exante’)
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3.3.2. Simulations with MATLAB: Depiction of slopes, shocks
and residual net present values

3.3.2.1. Only expected events, low agent switching costs,
maximal bids are public information

The case of low agent switching costs and public information about the suppli-
ers’ maximal bids is shown. The left and the middle image in figure 49 show
slopes of the present values of both suppliers that are close to each other. The
numbers are chosen with the intention to give an incentive to the weaker sup-
plier to participate in the bidding. Practical experience in the preparation phase
of the experiments has shown that the weaker supplier does not participate in the
bidding, if he sees that the difference to the stronger bidder is too big. For both
suppliers the present values rise, for instance due to the acquirement of skills or
particular information about the environment. However, all these changes have
been expected.

Fig. 49. Ideal-typical example of low agent switching costs and public information
about the suppliers’ maximal bids, present values of both suppliers (left, middle) and
comparison of residual net present values (right)

In the right image it can be seen that in the beginning the principal should
select the 1st supplier and switch to the 2nd one, if the suppliers and the princi-
pal act rationally.
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3.3.2.2. Only expected events, low agent switching costs,
maximal bids are private information

In the case of low agent switching costs and private information about the sup-
pliers’ maximal bids, which is shown in figure 50, the differences between the
maximal bids of both suppliers can be bigger. The suppliers do not know the
“strength” of the respective other one. Therefore they have incentive to partici-
pate in the bidding. If the suppliers and the principal play rationally, the princi-
pal selects and reselects the second supplier in each round.
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Fig. 50. Ideal-typical example of low agent switching costs and private information
about the suppliers’ maximal bids, present values of both suppliers (left, middle) and
comparison of residual net present values (right)

3.3.2.3. Only expected events, high agent switching costs,
maximal bids are public information

In this case, the principal selects irrevocably a supplier in the 1st round. The 2nd
till the 4th round he renegotiated bilaterally with the selected supplier. In figure
51 the case of high agent switching costs and public information about maximal
bids is depicted. If everyone acts rationally the principal selects supplier 2 in the
1st round, though the maximal bids are very close to each other, as the 1st round
is played like in the case of low agent switching costs. From the second round it
is a 2-agents’ game with the selected supplier from round 1. If the principal se-
lects the weaker supplier by mistake, he still may play rationally afterwards de-
spite of his initial wrong decision.
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Fig. 51. Ideal-typical example of high agent switching costs and public information
about the suppliers’ maximal bids, present values of both suppliers (left, middle) and
comparison of residual net present values (right)

3.3.2.4. Only expected events, high agent switching costs,
maximal bids are private information

The last case of a round-based game where all events are expected (at least pri-
vate information) is depicted in figure 52. In the 1st round it is clearly advanta-
geous for the principal to decide for the 1st supplier, as in the 2nd round the 2nd
supplier cannot offer any profit. Even if the decisions for the 3rd and 4th round
would be in favor for the 2nd supplier, it is not relevant if the first round has
been played rationally, due to high agent switching costs.
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Fig. 52. Ideal-typical example of high agent switching costs and private information
about the suppliers’ maximal bids, present values of both suppliers (left, middle) and
comparison of residual net present values (right)
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3.3.2.5. Also unexpected events, low agent switching costs,
maximal bids are public information

Figure 53 is the graphical depiction of the case of unexpected events, low agents
switching costs and only public information about the maximal bids in the re-
spective round. The left and the middle columns depict the present values for the
suppliers in the referring rounds. The right column shows the residual NPV’s. In
the upper row the result of the information is shown, which is available before
the 1st for all participants. The second row depicts the surprising change of the
present values at supplier 2. For instance, the skills of the 2nd supplier rise in an
unexpected way.

Suddenly it is clearly advantageous for the principal to cooperate till the
end of the game with supplier 2. The second shock takes place in the 3rd round
and is depicted in the 3rd row. Surprisingly, it becomes beneficial for the princi-
pal to switch to the 1st supplier for the remaining 2 rounds.
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Fig. 53. Ideal-typical example of low agent switching costs and public information
about the suppliers’ maximal bids, present values of both suppliers (left, middle col-
umns) and comparison of residual net present values (right column), suddenly changed
situations because of 2 shocks in the 2nd and 3rd rounds (middle, lower rows)
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3.3.2.6. Also unexpected events, low agent switching costs,
maximal bids are private information

Figure 54 is of the same structure like the previous one, except of that the sup-
pliers” maximal bids are private information. Initially, it is advantageous for the
principal to select the 1% supplier. However, the 1¥ shock in the 2" round de-
creases surprisingly the residual present values of supplier 1 (left column, mid-
dle row). The 2™ shock rises in the 3™ round the residual present values of sup-
plier 2 (middle column, lower row). Suddenly it is advantageous for the
principal to switch the supplier from the 1% one to the 2" one.
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Fig. 54. Ideal-typical example of low agent switching costs and private information
about the suppliers’ maximal bids, present values of both suppliers (left, middle col-
umns) and comparison of residual net present values (right column), suddenly changed
situations because of 2 shocks in the 2" and 3™ rounds (middle, lower rows)

3.3.3. Experiments with the software “z-tree”: 2 suppliers and
a principal

The empirical data of all experiments is listed in appendix D. In order to com-
pare the accuracy of the profit distribution rules, the “average deviation ratios”
are calculated. They are the average of the percent deviations between the re-
spective profit distribution rule and the empirical data.
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3.3.3.1. Experiment - Low agent switching costs, maximal bids
are public information

Figure 55 shows the 1st stage of the game of figure 49, i.e. the auction and deci-
sion masks of the referring z-tree game (expected events, low switching costs,
only public information). Each participant sees on the left side the maximal bids
of the suppliers, and makes his bid. As principal it is advantageous to make a
high bid. For each supplier it is advantageous to keep the bid as low as possible.

They bargain iteratively, while it is advantageous for the principal to assert
an agreement with a bid that is as high as possible and for both suppliers as low
as possible. Time is limited in consideration of the degree of practice of the par-
ticipants. They are asked before each game whether they prefer 90, 60 or 30 sec-
onds. If the time is over, no agreement is made and each agent gains 0. However
such a result is in contradiction with the postulate of collective rationality, i. e.
Pareto-efficiency.

In the 2™ and 3" stage of this z-tree game, each participant can see his owns
and the other agents’ profits, in order to compare them, which is illustrated in
figure 56. On the left side, the present round’s profits, the total profits and the
history of all previous rounds are listed. On the right side the profits are depicted
in a bar chart for all 3 participants and all rounds.
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Auction and decision masks (4th round of 4)
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1
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Supplier 2 85 -
. 84 A
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34 -
Principal's offers to buy:

Bid: 85

Fig. 55. 2-step initial bargaining: irrevocable determination of the supplier, profit
division with him
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Fig. 56. Present round’s profit, total profit and profit history listing (left) and bar chart
depiction (right)

In table 22 the average results of the experiment of chapter 3.3.2.1 (figure
49) are compared with the predictions of the ADMCS-rule and the OOCS-rule
for each round of the game. Finally, the relative deviations of the average em-
pirical results in comparison with the ADMCS-rule and the OOCS-rule are
shown.
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Table 22. Maximal bids and the comparison of the OOCS-rule and the ADMCS-rule
with the empirical results for low agent switching costs and maximal suppliers’ bids that
are public information

Case t | Max. |Agent| Experiment: Prediction: Deviation ratio
bid Averape profit | Profit distribution
distributions riles
el N=48| N=40 OO0CS | ADMCS | OOCS | ADMCS
H (rational)
Switching 1 |50(45| p | 437 46.6 475 25 48 186%
ﬁwﬁ“ = 34 35 25 25 138% 14%
o 03 0 0 0 = =
Evmu: 2 5' < = | o o o Y os T00
E i 5|45 p | 482 401 30 b 48 179%
51 6.0 ig 3 215 118% 21%
Max bids: =
Public & |02 ] D D - -
mformation | 3 (T0(70( p 63.6 66.3 10 33 35| 95% 189%:
o 24 20 0 33 0 = 12%
e 19 1.7 0 0 35 - 10%%
4 185|195 p 36.0 307 L) 425 100%% 211%
& 0 0 0 0 C %
5 5.7 33 5 425 106% 12%
Average deviation ratio: 10.13% | 88.47%

The deviations by the OOCS-rule are by far lower, in both the unfiltered
and the filtered data. The “average deviation ratio” of the OOCS-rule is:
0.1013=10.13 %. The average deviation ratio of the ADMCS-rule is: 0.8847 =
88.47 %.

3.3.3.2. Experiment-Low agent switching costs, maximal bids
are private information

Figure 57 depicts the variant of the previous game where the principal does not
see the maximal bids of the suppliers and the suppliers just know their own bids
(chapter 3.3.2.2, figure 50). Therefore the stronger supplier is able to fool the
principal about his real maximal bid. However, the principal has the possibility
of imposing pressure upon this supplier by letting the time pass.
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Auction and decision masks (3" round of 4)
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Fig. 57. 2-step initial bargaining: irrevocable determination of the supplier, profit
division with him




3. EXPERIMENTAL VERIFICATION OF THE DEVELOPED THEORY .... 147

Equally with table 22, in table 23 the accumulated and average results of
the experiment are compared with the predictions of the ADMCS-rule and the
OOCS-rule for each round. Afterwards the relative deviations are calculated.

Table 23. Maximal bids and the comparison of the OOCS-rule and the ADMCS-rule
with the empirical results for low agent switching costs and maximal suppliers’ bids that
are private information

Case t | Max. bid | Agent Experiment: Prediction: Deviation ratio
Averape profit Profit distribution
distributions rles
L N=43 N=32 00CS | ADMCS | OOCS | ADMCS
{rational)
Switching 1| 60 [ 40 P 4835 419 50 30 93% 160%%
costs: 5 11.1 121 10 30 121% 40%
Low 1
G 0.0 0 0 0 -
EE"“":i 25045 | p | 453 170 473 25 9% | 1838%
S5 23 30 25 25 119% 12%
Max bids:
0.2 0 0 0 -
Private 52
mformation | 3 | 40 | 55 P 43.0 476 473 275 10055 173%
5. | 0 0 0 -
5 6.3 74 5 275 98% 1%
4( 30 | 65 r 451 453 4735 315 06%% 141%
5 0.1 0 0 0 -
5 17.0 19.2 175 315 1106 9%
Average deviation ratio: T.53% | 65.46%

=

The average deviation ratio of the OOCS-rule is: 0.0753=7.53 %. The aver-
age deviation ratio of the ADMCS-rule is: 0.6546 = 65.46 %.

3.3.3.3. Experiment - High agent switching costs, maximal
bids are public information

The bilateral negotiations of the 2™ till the 4™ round are shown in figure 58 with
the example of the 3" round. In accordance with the maximal bids of the Ist
round, the 1st supplier is irrevocably excluded and “should not have” any more
influence on the negotiation. The excluded participant only sees the prompt to
wait, instead of the “auction and decision mask”. However, the principal still can
see, how much the maximal bid of the excluded supplier would have been. The
supplier 2 only sees his own maximal bid.
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Auction and decision masks (3" round of 4)
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S2's max. bid: 60

bu
The bid assures profit for yourself. The higher the bid, :

the better for you (opposite of price)il

Principal's offers to buy:

Irrevocable binding to Supplier 2 :E
&0
Price: 32 Makebid |
=Perind ¥ of 4
Supplier 5 Suppliers’ offers to sell:
A
Max. bid: 60 23
) 10
The bid assures profit for the customer. The lower
the bid, the better for you (opposite of price)!!
—RENEGOTIATION-—

You are the selected supplier, the other supplieris
irrevocably excluded!!!

Bid: N Make bid sell

Fig. 58. 2-agents’ (ex post ) bargaining about profit distribution in 3rd round, after 1st
supplier has been excluded irrevocably

Principal's offers to buy:

Likewise, table 24 shows the accumulated and average results of the ex-
periment in comparison with the predictions of the ADMCS-rule and the OOCS-
rule. It refers to chapter 3.3.2.3 and figure 51. In the case of high agent switching
costs, only the ADMCS-rule is relevant in the 2™ till the 4™ round.
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Table 24. Maximal bids and the comparison of the OOCS-rule and the ADMCS-rule
with the empirical results for high agent switching costs and maximal suppliers’ bids that
are public information

Case t | Max. bid | Agent Experiment: Prediction: Deviation ratio
Average profit Prodit distribution
distributions rales
el N=43 N=3 O0OCS | ADMCS | OOCS | ADMCS
(rational}
Switching 1( 30| %0 = 731 788 83 43 93% 173%
costs: S, 13 0 0 0 - -
High 1
5 10 112 5 45 224% 25%
Events: = ~ - .
E i 2| (m| 75 r 301 432 - 315 - 117%
5 29 0 - 0 - -
Ef]j‘c’ﬂ“ 5, | 25| 3u : 375 G%
mformation | 3 | (600 | 60 = 316 342 - 30| 30 - 114%
5 55 0 - 0| 0 - 0
L3 20.0 258 - 0 | 30 - 172%
4| (30| 45 P 29 135 3 25 B 104%
5 22 0 - 0 - 0
5. 16.8 215 B 225 B 06%
Average deviation ratio: Round 1: 65.71% | 73.1%
Rounds2—4: z 21.48%

In the 1* round the average deviation ratio of the OOCS-rule is 65.71 % and
that of the ADMCS-rule is 75.1 %. However in the rounds 2 to 4 it is for the
ADMCS-rule “just”: 21.48 %

3.3.3.4. Experiment-High agent switching costs, maximal bids
are private information

The bilateral negotiations of the 2™ till the 4™ round are shown in figure 59 with
the example of the 2™ round. The principal does not know anything about the
remaining supplier and has do speculate about his actual maximal bid. However
he can apply pressure through the expiring time.
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Auction and decision masks (2"’ round of 4)
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Bid: Make bid | sell

Fig. 59. 2-agents’ (ex post) bargaining about profit distribution in 2nd round, after 1st
supplier has been excluded irrevocably

The results in table 25 refer to the z-tree experiment game of chapter 3.3.2.4
and figure 52.

In the 1* round the average deviation ratio of the OOCS-rule is 25.17 % and
that of the ADMCS-rule is 65.37 %. However in the rounds 2 to 4 it is for the
ADMCS-rule “just”: 11.32 %.
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Table 25. Maximal bids and the comparison of the OOCS-rule and the ADMCS-rule
with the empirical results for high agent switching costs and maximal suppliers’ bids that
are private information

Case t | Max. hid | Agent| Experiment: Prediction: Deviation ratio
Awverage profit | Profit distibution
distnbutions rles
S| S N=48| N=M 00CS | ADMCS | O0CS | ADMCS
(ratiomal)
Switching 1|80 | 70 P 63.0 66.1 75 40 28% 163%
costs: 5 117 130 10 40 139% 35%
Hi
gh 5 17 0 0 0 - -
Events: 2( 60 [ (D) E 267 336 30 - 112%
Expected 5 |208 26.4 30 e 88%
Max bids: 8 | 0 i i : :
PﬂVEtﬂ _ 3|50 |(TOy| p 243 2390 235 - D6%
mformation 5 19.6 26.1 25 - 104%
5 38 0 0 - -
455 |[(TO)| p 333 325 275 - 118%
5 172 126 275 - 81%
1
5. 43 0 - 0 - -
Average deviationratio: Found 1: 2517% | 6537%
Rounds 2 — 4: - 1132%

3.3.3.5. Experiment-Also unexpected events, low agent
switching costs, maximal bids are public information

The results in table 26 refer to the z-tree experiment game of chapter 3.3.2.5
and figure 53.

The average deviation ratio of the OOCS-rule is: 0.1262=12.62 %. The av-
erage deviation ratio of the ADMCS-rule is: 0.8081 = 80.81 %.
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Table 26. Maximal bids and the comparison of the OOCS-rule and the ADMCS-rule
with the empirical results for low agent switching costs and public information,
unexpected events implicit

Case t | Max. bid | Agent Experiment: Prediction: Deviation ratio
Average proft Profit distribution
distributions rules
| N=48 N=40 00CS | ADMCS | ODCS | ADMCS
sl (rational)
Switching 1| 40 | 50 P 432 443 43 235 100%% 179%
costs: S 0.3 0 ] 0 - .
Low 1
ok 6.1 52 5] 23 105% 21%
Events: < 7 < T 5 : ;
2| 45 | 60 P 490 512 525 30 98% 171%
Unexpected
. 5 | 92 0 0 0 - -
Max bids: ] T s ] FLa o/
0 8.8 1.3 0 117% 29%
Public 5 af = -
mformation | 3| 70 | &3 P 64.8 66.3 67.3 33 98% 190%
5 49 35 X5 35 141% 10%
et 02 ] 0 0 - -
4( 80 | 7O P ni 134 73 40 98% 184%
5 6.5 6.6 3 40 132% 16%
il 0.3 0 ] 0 3 5
Average deviation ratio: 12.62% | B80.81%

3.3.3.6. Experiment-Also unexpected events, low agent
switching costs, private information

Table 27 is referring to chapter 3.3.2.6 and figure 54. The empirical results and
the profit distribution rules are compared:
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Table 27. Maximal bids and the comparison of the OOCS-rule and the ADMCS-rule
with the empirical results for low agent switching costs and also private information,
unexpected events implicit

Case t | Max. |Agent| Experiment: Prediction: Deviation ratio
hid Average profit Profit distribution
distributions nules
S | S, N=4§ N=33 00C5 | ADMCS | OOCS | ADMCS
(rational)
Switching | 1 65|33 p 512 585 60 325 07% 179%
costs: 5 75 6.5 5 325 130% 20%
Lowe
o 21 0 0 0 - -
Events: 2 (45|45 p 303 408 45 225|225 | 91% 182%
Unexpected "HiEE 14 0 [225] 0 6%
Max hids: 5 25 27 0 0 | 2235 3 =
Private 340|145 p 376 413 425 225 97% 183%
nfonmation s, 02 0 0 0 N
o 4 37 25 225 149% 17%
4 (35|50 p 36.5 414 425 25 07% 165%
S 03 0 0 0 -
5 85 8.6 T3 235 115% 34%
Averagedeviationratio: 1591% | 79.14%

The average deviation ratio of the OOCS-rule is: 0.1591 = 15.91 %. The
average deviation ratio of the ADMCS-rule is: 0.7914 = 79.14 %.

3.4. Comparison of the experiments

3.4.1. Comparison of the 4 mass market experiments with the
theoretical predictions

The 4 cases of mass market experiments from chapter 3.2 are compared with the
theoretic predictions of chapter 2.5.

Because of the contradictory incentives in all 4 mass market games, no
clear prediction is possible about the results and the relations of the particular
experiments’ results. Nevertheless, the following tendencies can be listed:

1. Games with the possibility of negotiations should lead to higher profit

than those without this possibility.

2. The 5-round-games should lead to higher profit than the static games
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3. Especially the last rounds of the 5-round-games are equivalent to the

static games and should lead to lower profit than the earlier rounds.

Table 28 gives an overview over the 4 games and the empirical panel data.
Each game is described with the total numbers of decisions, the maximally and
minimally possible profits and an evaluation of the empirical results. The aver-
age total profits per participant, the average profits per participant in 1 round and
the average profits of a participant for each particular round are shown:

Table 28. Descriptions of the 4 mass market games with the total numbers of decision,

minimal and maximal total profits and the different averages over the experimental panel

data the experiment results (by the author)

Aspect Experiment
1 2 3 4

Repetitions of games 48 48 48 48
Negotiations no yes no yes
Rounds per game 1 1 5 5
Total number of decisions per participant 48 48 240 240
Total number of bilateral decisions 96 96 480 480
Maximal total profits 8 8 40 40
Minimal total profits 3 3 15 15
Experimental results:
Average total profits per participant 4.68 6.57 28.07 |31.18
Average profits per participant in one particular |4.68 6.57 5.62 6.24
round
Average profits for each round

1 468 |6.57 [5.82 ]6.10

2 559 ]6.27

3 5.61 6.64

4 5.91 6.55

5 (End rounds) 5.14 5.61

Additionally, in figure 60 the empirical data is graphically depicted. The
average single agents’ profits of the 4 cases are shown for each particular round.

The average results of the static games are shown in the 1st round:
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Fig. 60. Comparison of the empirical data about the individual profits in the 4 cases of
mass market experiments: average single agents’ profits in each round, the static games
are only shown in the 1st round (by the author)

The empirical panel data is compared with the theoretically predicted ten-
dencies:
1. Effect of negotiations:
The comparisons of the “average total profits per participant” provide
4.48<6.57 and 28.07 <31.18.
Therefore, the possibility of negotiation has led to higher profits.
2. Effect of multiple rounds:
The comparisons of the “average profits per participant in one particular
round” provide 4.48<5.62 but 6.57 >6.24.
Hence, in the cases of no possible negotiations, the prediction has been
confirmed. However in the cases of possible negotiations, the prediction
has been disproved.
3. End game effects:
The comparison of the end rounds of the 5-rounds games with the refer-
ring averages provide 5.14<5.62 and 5.61<6.24.
Thus, in the implemented experiments the “end game effects” have been
confirmed.
Hence, the effects of negotiation and the end game effects have been con-
firmed. However the effect of multiple rounds has been confirmed only in 1 of 2
comparisons.

3.4.2. Comparison of the 6 cases of individual customer ex-
periments with the theoretical predictions

The 6 cases of individual customer experiments from chapter 2.3 are compared
with the theoretic predictions from chapter 2.6. The average deviation ratios for



156 3. EXPERIMENTAL VERIFICATION OF THE DEVELOPED THEORY ....

the OOCS-rule and the ADMCS-rule are collected from the 6 experiments in
chapter 3.3.3 and are listed in Table 29:

Table 29. The average deviation ratios for the OOCS-rule and ADMCS-rule, collected
from the 6 experiments in chapter 3.3.3. (by the author)

Events Agents Information | Recommended | OOCS- | ADMCS-
switching rule rule rule
costs

Expected Low Only public |OOCS 10.13% | 88.47 %

Expected Low Also private | OOCS 7.53% 65.46%

Expected High Only public |ADMCS 65.71% 75.1%

(Round 1) [(Round 1)
- 21.48%
(Rounds
2-4)
Expected High Also private | ADMCS 25.17% 65.37%
(Round 1) [(Round 1)
- 11.32%
(Rounds
2-4)

Alsounex- |Low Only public |OOCS 12.62% 80.81%

pected

Also unex- [Low Also private |OOCS 15.91% 79.14%

pected

Figure 61 shows for all 4 games with low agent switching costs the com-
parisons between the empirical data and the OOCS-rule, and between the em-
pirical data and the ADMCS-rule.

It can be seen that in the case of low agent switching costs the introduced
OOCS-rule provides a fundamentally better prediction than the ADMCS-rule
and the here identical Myerson-rule for coalition structures.

In the case of high agent switching costs no direct comparison between the
OOCS-rule and the ADMCS-rule is possible, as the denied supplier irrevocably
leaves the game. However, in accordance with the pragmatic interpretation in
figure 38 (bottom, chapter 2.6.4), the OOCS-rule refers to the 1% rounds and the
ADMCS-rule with the rounds 2 to 4.
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Fig. 61. Experiments with low agent switching costs, comparison between the OOCS-
rule and the ADMCS-rule regarding the average deviations between the theoretic predic-
tions and the experimental data (by the author)

In the 1% round the comparison between the OOCS-rule and the ADMCS-
rule is as follows:

65.71%<75.1% and 25.17%< 65.37%

Thus, the OOCS-rule provides a more precise prediction than the ADMCS-
rule, though it is still highly inaccurate. However, as the “pragmatic interpreta-
tion” is just a trick to simplify the decision problem for human deciders, the
OOCS-rule is not relevant here.

In the rounds 2—4 the ADMCS-rule is relevant. While the OOCS-rule is not
calculable, the ADMCS-rule provides the average deviation ratios of: 21.48%

and 11.32% . Thus, on the basis of the experimental data the ADMCS-rule has
been proved to be a relatively accurate predictor for the profit distribution in the
case of high agent switching costs.

3.5. Chapter summary

— The experiments with supply chains with mass markets lead to the fol-
lowing insights (theory has been collected from literature and assembled
by the author): Negotiations influence the average profits positively
(predicted by theory). Multiple round games do not necessarily have
higher profits than one-rounds games (theoretical prediction not perfect-
ly fulfilled). Cooperation is declining at the end of the cooperation pe-
riod (predicted by theory).

— The experiments with supply chains with individual customers confirm
the theoretical predictions that have been developed by the author: In
games with high agent switching costs, the Aumann-Dreéze-rule is ap-
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propriate. In games with low agent switching costs the developed
OOCS-rule (by the author) is appropriate.



General conclusions

1. Co-opetition — the state of the art:
There is no real theoretical foundation of co-opetition yet.

2. The proposed co-opetition framework

Co-opetition is a perspective on business relationships that focuses on the
concurrency of competition and cooperation. In a co-opetition model a particular
problem can be structured by the determinants:

— institutions (contracts, states, culture, trade usages, etc.),
— industrial boundaries defined by the products and/or services,

— industrial boundaries defined by the transactions of the products and/or
services,

— industrial boundaries related to industrial supply chains, which are a part
of the global social network and

— time (1-round vs. many round games).

3. Parts of game theory that are relevant for co-opetition — state of the art
The relations between the fields of game theory related to co-opetition are:

Strategic games — network games — coalition games

159
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4. Industrial supply chains

The business partners in a co-opetition model are categorized into suppliers,
customers, competitors and “complementors”, i. e. providers of a complemen-
tary good or service. The customers are distinguished as

— individual customers,

— mass markets.

The negotiation results can be shown exactly under the assumption that
each participant behaves rationally, which is the key to analyse one’s own nego-
tiation power. The relationships towards mass markets require backward induc-
tion.

5. Ubiquity of time-inconsistency of agreements

As the prerequisites of agreements change, at least one of the agents be-
comes dissatisfied with a formerly made agreement. This endangers the stability
of the agreement. However as long as there is no better alternative, the agree-
ment is not broken by a rational decider.

6. The “Outside-option modified profit distribution rule for coalition struc-
tures”
The proposed profit distribution rule refers to the case of 3 agents and con-
sists of the following axioms:

— Pareto-efficiency within the “productive component” in the coalition
structure

— “Modified symmetry”, which is similar with the “Myerson-axiom of ba-

lanced contributions”.

The OOCS-rule proposes an allocation that is stable against the deviations
of subgroups of agents and is a CPNE. In opposite, the “Aumann-Dréze-rule”
and the “Myerson-rule for coalition structures” that is identical in networks with
3 agents, are not stable in the sense of CPNE and ignore the outside option.

7. Stability of agreements and predictions in co-opetition models with
mass markets
There are opposing incentives in order to decide cooperatively and non-
cooperatively. Incentives for decide cooperatively (cartel solution) are:

— The wish to achieve (component-) Pareto-efficient outcome,
— Threat of retaliation,

— Culture or trade usages that facilitate the compliance of negotiation re-
sults.
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Incentives for deciding non-cooperatively (Cournot-Nash-equilibrium) are:
— Anticiaption of the other agent’s non-cooperative behavior

— Impossibility of retaliation in the last round (end game effects)
No exact prediction is possible because of contrary incentives to decide
non-cooperatively and cooperatively.

8. Stability of agreements and predictions in co-opetition models with in-
dividual customers
In an auction procedure with an industrial supply chain with 2 possible sup-
pliers, an individual customer and a coalition structure it is distinguished be-
tween

— high costs and low costs of switching the cooperation partner,

— purely public information and the possibility of private information.

In the case of low agent switching costs, the introduced OOCS-rule pro-
vides prediction about the negotiation result that enables a stable agreement un-
der the assupmtion of rational deciders. It is superior towards the ADMCS-rule.
Oppositely, in the case of high agent switching costs the Aumann-Dréze-rule
provides the appropriate prediction about the profit division among the cooperat-
ing agents, due to the fact that the other agent is irrevocably excluded. If the in-
formation about the maximal bids of the agents is private, the use of the profit
distribution rules is not affected. Agent switching costs can be generated artifi-
cially by the agreement on “contractual punishment.

9. Results of experimental investigation
For supply chains with mass markets the analysis of the collected experimental
data leads to the following insights:

— The comparisons of the “average total profits per participant” have con-
firmed that negotiations influence the average profits positively.

— The comparisons of the “average profits per participant in one particular
round” have partly confirmed and partly disproved the theoretical pre-
diction that multiple round games have higher average profit than one-
round games.

— The comparison of the end rounds of the 5-rounds games with the refer-
ring averages has confirmed the prediction about the decline of the aver-
age profits due to the “end game effects”.

For supply chains with individual customers the following has been shown

through the analysis of the collected experimental data:

— In games with low agent switching costs the OOCS-rule has been prov-
en as accurate and significantly more precise than the ADMCS-rule,
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— In games with high agent switching costs the ADMCS-rule provides ac-
curate predictions. The OOCS-rule cannot be used in these games.

10. Possible practical value of the research
The thesis contributes to as an intermediate step in the scientific develop-
ment to:

— better control over negotiations,
— the prediction of negotiation results and

— agreement stability in different settings.

In the future, enterprise software systems will offer intended rational deci-
sions, which are relevant for business strategy. The thesis is a contribution in
this direction. In this sense the thesis provides a better understanding of strategic
management and business relationships in general.
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Summary in Lithuanian

Jvadas

Problemos formulavimas

Konkurencija ir kooperacija jmoniy savitarpio santykiuose jgyja daug prasmiy ir
tampa reiskiniu, kuris tiriamas mokslininky keliais aspektais. Vis tik néra vieningos
teorijos, pagristos tinkamais matematiniais skai¢iavimais, kad biity galima naudotis
kompiuteriu norint apskai¢iuoti ir prognozuoti jvairius tokiy santykiy aspektus. Biitent
Siai problemai spresti ir skirta $i disertacija. Joje nagriné¢jami keli konkurencijos ir
kooperacijos modeliai, kurie patvirtinami pasitelkus Siam tikslui sukurtg kompiutering
programa.

Tiriamojo darbo aktualumas

Atliktas tiriamasis darbas rengiant disertacija yra aktualus nagrinéjant tokius
klausimus kaip:

— Koopeticijos teorijos plétra,

— Deryby galia ir sutar¢iy stabilumas,

— Ilgalaikés perspektyvos siekiant patobulinti naudojamg jmonése programa.

Koopeticija — tai neologizmas, sudarytas i§ terminy konkurencija ir kooperacija.
Siuo neologizmu akcentuojamos jvairios prasmés, kurios jzvelgiamos esant
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konkurencijai ir kooperacijai santykiuose su visomis kitomis jmonémis pramonés
tieckimo tinkle, ¢ia dalyvauja tiekéjai, pirkéjai (uzsakovai), konkurentai ir tie, kurie
apripina papildomomis prekémis. Koopeticijos teorija dar tebéra pradinéje vystymosi
stadijoje. Dél sisteminiy ir metodiniy klaidy koopeticijos teorija taikytina tik sprendziant
imoniy savitarpio santykio problemas. Koopeticijos modeliai neturi norminio ir
pripazinto apibrézimo ar sandaros. Be to, neaisku, kokiu biidu galima naudoti $ig teorija.
Todél naujai sukurtas koopeticijos teorijos pagrindimas bei determinanciy koopeticijos
modeliams suformulavimas biity svarus indélis | Siuolaikinj moksla. Reikéty sutelkti
démesj | jvairius savitarpio santykius paciame pramonés tiekimo tinkle bei j jtaka, kuria
turi nesancios tinkle jmonés, kurios visgi yra svarbios savitarpio santykiams, ypac
kalbant apie deryby rezultatus ir sutarciy stabiluma.

Nuolat augant tarptautiniam verslui atskiros valstybés praranda savo svarba, kai
kalbama apie kontrakto jvykdymo patvirtinima. Ypac tada, kai néra pasitikéjimo
valstybinémis institucijomis, kurios gali patvirtinti jvykdymo kontraktus, labai svarbus
tampa deryby galios supratimas. Deryby galia ir sutarCiy stabilumas — tai svarbiis
klausimai, nagrinéjami $ioje teorijoje, butent strateginés sgveikos teorijoje. Biity daug
pasiekta Sioje mokslo srityje, jeigu galétume parodyti, kokia jtaka deryboms ir sutarciy
stabilumui daro tos jmonés, kurios yra uz pramonés tiekimo tinklo riby, ir kiek tiksliai
galétume prognozuoti deryby baigtis.

Per prag¢jusius desimtmecius buvo stipriai iSplétota jmoniy iStekliy planavimo
kompiuteriné programa (ERP — enterprise resource planning). Tai Zenkliai palengvino
bet kurios jmonés padalinio administravimg ir kontrole. Svarbios dalys Sioje sistemoje —
tai inventoriaus tvarkymas ir rySiy su uzsakovais valdymas. Ilgainiui pasiekta dirbtinio
intelekto pazanga galéty atverti galimybe naudoti informaciniy technologijy sistemas
tam, kad suprastume ir jvertintume verslo aplinkg ir priimtume sprendimus, kuriy tikslas
kuo daugiau duoti naudos vartotojui. Siuo atveju naujoji teorija paaiskina, kokios yra
racionalaus sprendimo galimybés.

Darbo tikslai

Sios disertacijos tikslas — sukurti nauja struktiira jmoniy koopeticijos modeliams,
kad buty lengviau plétoti geriausias verslo strategijas. Gilesnis supratimas tokiy
klausimy kaip:

— Imoniy savitarpio santykiai pramongs tiekimo tinkluose,
— jtakojantys deryby galios veiksniai ir

— sutar¢iy stabilumas
bus pasiektas plétojant jvairiausias teorijas koopeticijos srityje. Sukurtoji teorija
vaizduojama  pasitelkus modeliavimg ir patvirtinta internetu  grindziamais
eksperimentais.

Tiriamojo darbo uzdaviniai

Uzduotis — pateikti iSsamia naujausia apzvalga ir nustatyti tolesnio koopeticijos
tyrimo rémus, kad biity iSplétota koopeticijos teorija, pateikiant naujg bendradarbiavimo
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apibrézima, jos modeliy struktiira, o nagrinéjama teorija modeliuose naudojama kaip
matematikos instrumentas, gilinantis detaliau j pateikta koopeticijos struktiira, sukuriant
,,pramonés tiekimo tinkla*, kur taikoma pelno paskirstymo taisyklé, kuri numato galimg
jtaka 1§ nepriklausanciy tinklui asmeny pusés dinamiSkose situacijose, o tai galima
panaudoti prognozuojant aukciony rezultata, nagrinéjant deryby rezultaty stabiluma,
esant jvairiausioms salygoms pramonés tiekimo tinkluose, kai derybos vyksta su
pirkéjais 1§ placiosios rinkos ar su atskirais uzsakovais, simuliuojant pelno paskirstyma
per savitarpio santykius versle, naudojant idealius-tipiSkus parametrus bei patvirtinant
modelio padarytas prognozes dél deryby rezultato ir sutaréiy stabilumo, kai varzomasi
del placiosios rinkos ir atskiry uzsakovy eksperimentuose su juose dalyvaujanciais
asmenimis per internetg.

Naudotos kompiuterinés programos

— MATLAB: matematiné programa skaitmenims ir Zenklams skaiciuoti.

— Z-tree: programa, leidzianti sukurti ir atlikti eksperimentus su naujaja teorija,
bei mikroekonomikos srityje.

— Microsoft Word, Excel ir PowerPoint.

Tyrimo metodai

Keli skyriai Sioje disertacijoje yra skirti deduktyviam metodui (einant nuo bendros
iki atskiros iSvados) bei induktyviam metodui (nuo atskiros iki bendros iSvados).
Poskyriams yra trumpai surasyti II-jo laipsnio tyrimo metodai.

Darbo mokslinis naujumas

— Koopeticijos modeliy struktiira: naujas koopeticijos ir koopeticijos modelio
determinancéiy apibrézimas.

— Pramonés tieckimo tinklas: toliau plétojamas Porterio veikalas ,,Penkios varo-
mosios konkurencijos jégos pramonéje bei Brandenburgerio ir Nalebuffo
,»Value net”, ,,pramonés tiekimo tinklo™ integravimas j koopeticijos struktiira.

— ISsami tiekimo grandies tinkly analizé su 2, 3 ir 4 veiksniais.

— Detalus paaiskinimas tokio reiskinio, kaip visur pasitaikantis sutar¢iy nesuderi-
namumas su laiku bei dél to galimas jy nestabilumas.

— Tolesnis pelno paskirstymo taisyklés iSplétojimas: ,,objektyvios pasirinkimo
galimybés modifikuota pelno paskirstymo taisyklé, taikoma koalicinéms
struktiiroms (OOCS = Outside option coalition structures), detalus paaiskinimas
tokiy atvejy, kai OOSC taisyklé yra virSesné palyginus su Auman-Dreze tai-
sykle ir Myersono taisykle, taikant koalicinéms strukttiroms.

— Priesingo paskatinimo pramonés tiekimo tinkluose analiz¢, kai patariama elgtis
nekooperatyviai ir kooperatyviai su placigja rinka.
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— Deryby rezultaty (pvz., aukciony baigties) prognozé pramonés tiekimo tin-
kluose ir tarp atskiry pirkéjy, taikant iSvystyta (patobulinta) pelno paskirstymo
taisykle.

— Sutar¢iy tarp 2 jmoniy stabilumo analizé, turint objektyvig pasirinkimo
galimybg arba jos neturint.

— Tyrime naudoty teoriniy ir makroekonominiy eksperimenty drauge su programa
Z-tree* jgyvendinimas per interneta tam, kad biity patvirtinta arba paneigta pa-
teikta disertacijoje teorija kaip zingsnis link automatizuoty prognozés sistemy
ateityje.

Praktiné verté

Disertacija prisideda prie geresnés teorinés ir praktinés kontrolés deryby metu,
padeda prognozuoti deryby rezultatus ir sutarCiy stabiluma skirtingomis sglygomis.
Ateityje naudojamos jmonése kompiuterinés sistemos priims racionalius sprendimus,
kurie svarbis verslo strategijai. Disertacija — tai indélis §ia kryptimi einant.

Sia prasme disertacija padeda apskritai geriau suprasti strateginj valdyma ir
savitarpio santykius versle.

Mokslinio darbo apimtis

Disertacija sudaro 190 puslapiai, 61 paveikslai ir 29 lentelés, pateiktas naudotos
literatiiros sarasas, autoriaus publikacijy sarasas ir priedai A—E.

Darbo struktiira

Ivadas pateikia bendrus disertacijos bruozus — tai tiriamojo darbo aktualumas,
tyrimo tikslai ir uzdaviniai, naudota kompiuteriné programa, metodai, novatoriSkumas
moksle, praktiné verté ir apginti moksliniai darbai.

Pirmasis skyrius apima iSsamia apzvalga literattiros, susijusios su koopeticija ir
giminingomis ekonomikos sritimis. [vadas supazindina su svarbiomis strategijos,
kooperacijos ir tinklo zaidimy sritimis. Galiausiai apibréziami tolesnio tyrimo rémai.

Antrajame skyriuje paminétas autoriaus indélis | koopeticijos teorijg jvairiais
aspektais, pradedant nuo naujo apibrézimo pasiailymo:

Koopeticija turi perspektyva verslo savitarpio santykiuose, kadangi konkurencija ir
kooperacija veikia i§vien.

Zaidimo teorija yra tinkamas matematinis instrumentas formalizuotiems
koopeticijos modeliams, jgalinanti prognozuoti verslo strategijy rezultatus. Koopeticijos
modelyje tam tikra problema gali buti susisteminta naudojant tokias 5-ias determinantes:
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— institucijos, kurios nustato verslo taisykles,

— pramongje egzistuojantys apribojimai, kuriuos sukelia:
v produktai ir/arba paslaugos,
v'sandoriai dél produkty ir/arba paslaugy,
v'pramonés tickimo grandys, kurios sudaro dalj globalinio socialinio
tinklo ir
v'laikas (vieno turo Zaidimas prie$ daugelio tury zaidimus).

Sios 5-ios determinantés leidzia iSsamiai apraSyti problema, susijusig su verslo
strategija. Verslo taisykles nustatancios institucijos pateiktos iSoriskai, kai tuo tarpu
apribojimams jtaka gali daryti tinklo viduje esantys veiksniai. Laiko determinanté leidzia
atlikti turais grindziamus zaidimus.

1S paveiksle pateikiamas pramonés tiekimo tinklas su savitarpio bendradarbiavimo
santykiais.

ISorinés Galimi tiekéjai Galimi Galimi Galimi
parinktys ©...n) konkurentai mazmenininkai galutiniai
(0...n) (0...n) vartotojai
(0...n)
Imoné:
Kooperaciné
valdzia
Strateginis
valdymas
ISankstiniai Tiekéjai Papildomy Mazmenininkai Galutiniai
tiekéjai 0...n) prekiy tiekéjai (1...n) pirkéjai
(kita rinka) Atskiri
uzsakovai
Placioji rinka
e Kartelis Konkurentai
e Numanomas suokalbis | (0 ...n)

1S pav. ,,Pramonés tiekimo tinklas su koopeticijos savitarpio santykiais” tarp tiekéjy, konkurenty,
,,papildomy prekiy tiekéjy* ir uzsakovy, kurie biina atskiri asmenys arba placioji rinka, bei tarp
tokiy galimy veiksniy kaip iSorés parinktys

Sutartys visuomet biina nesuderinamos laike dél besikeiian¢iy prioritety,
kvalifikacijos ir informacijos (autoriaus pateiktos). Taciau kai kuriy dalyviy
nepasitenkinimas nepriveda prie kontrakto nutraukimo, nebent tie asmenys randa
palankiy alternatyvy. 2S paveiksle pateiktos tokio sutarciy nesuderinamumo laike
priezastys.
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Kiti veikiantieji

Forsmazoras

Pats

Kvalifikacijos jgijimas

Poky¢iali, susije su
globaliu socialiniu tinklu

Didesnis verslo tinklas

Bendra informacija apie
aplinka

Informacijos
atnaujinimas

Savanoriska reveliacija

Su santykiais susijes

Bendras atvejis: galimi

mokymasis netikéti jvykiai,
Priverstiné reveliacija Naujos Zinios, kity jgytos | nesuderinamumas laike
Pries pasirasant sutartj: Pokytis kity Specialus atvejis :
patikra dalyvaujanciyjy tikétini jvykiai
prioritetuose
Po sutarties pasiraSymo: Pats

stebésena

28 pav. Sutar¢iy nesuderinamumo laiko atzvilgiu priezastys

Autorius pristato ,,ISorés parinkties modifikuoto pelno paskirstymo taisykles
koalicinéms struktiiroms® (OOCS = outside option coalition structures), kurios turi
tokias aksiomas kaip ,,Pareto nasumas (efektyvumas) produktyviame komponente® ir
,,modifikuota simetrija“ (o tai aukciono rezultatas), kur esamojo partnerio pagrindinis
pasiekimas yra ,,maksimalus pasiiilymas i§ atmesto dalyvio pusés plius pusé papildomo
pasitlymo i§ esamy partneriy®. Panasiai, kaip vyksta Shapley- taisyklés (Myerson, 1980)
aksiomatizacija, kurig atliko Myersonas, OOCS taisyklé yra apibrézta tokiomis
aksiomomis.

Komponento  Pareto  efektyvumas: ZOOCS(N ,v,2)=v(C), taikomas
ieC
produktyviam komponentui.

Modifikuota subalansuoty kontribucijy aksioma:

Balansuoty kontribucijy aksiomos modifikavimas susideda i§ iSankstinés stadijos,
kur lemiantis kooperacijos partneris perduoda pralaiméjusio kooperacijos partnerio verte
pagrindiniam veikiandiam asmeniui. Po to subalansuoty kontribucijy aksioma
naudojama jprastu budu. Taigi, veikiantiesiems A, B, C € N: jeigu A turi pasirinkti
kooperacijos partnerj ir v(AB) > v(AC), tuomet A pasirenka B ir pirmiausiai

pareikalauja kiekio: v(AC) i$ dalyvio B. Po to kontribucijos subalansuojamos:
00CS,(N,v,g)-00CS,(N,v,g\{B})=00CS,(N,v,g)-00CS,(N,v,g \{4})

Taigi A ir B pasidalina skirtumg tarp B ir C pasitlymy po lygiai. Koalicinéje
struktiiroje (Stein, 2010a), kai A ir B ,,produktyviame komponente™ ir C, o iSorés
parinktis tenka A, tai OOCS taisyklé taikoma v(AB) > v(AC):

0OCS — rule = [V(AB); v(AC); v(4B) ; v(4C) ;Oj
Palyginimui, ADMCS taisyklé uzrasoma tokia lygtimi:
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Koopeticijos modeliuose su placigja rinka pasitaiko prieSingy skatinimy veikti
kooperatyviai ir nekooperatyviai. Kooperacijos skatinimas reiskia norag gauti Pareto
efektyvy rezultata, atpildo grésme ir kultiros aspektus. Skatinimas pasitraukti i$
kooperacijos rodo, kad numatomas ir kity dalyviy nekooperatyvus elgesys, tai galutinis
zaidimo efektas. Taigi, negalima daryti tiksliy prognoziy. 1S lentel¢je pateikiama
schema.

1S lentelé. Diskusija apie kooperacijos stabiluma modeliuose su placiosios rinkos vartotojais,
priklausomai nuo tury skaiciaus ir deryby galimybés

Argumentai uz Modelis su 2 tiekéjais ir placiaja rinka
Laikas: 1 turas Laikas: daugiau nei vienas
turas
Jokiy derybu Derybos Jokiy derybu Derybos
galimos galimos
Stabilumas: Noras pasiekti Pareto efektyvy rezultata
skatinama zaisti Deryby Deryby
kooperatyviai rezultatai  gali rezultatai
biiti paisomi deél gali  buti
kulttiros  arba paisomi dél
prekybos kulttiros
vartojimo arba
prekybos
vartojimo
Atpildo grésme
Nestabilumas: Galimybé gauti didesnj pelna kito dalyvio saskaita
skatinama Zaisti |Jokios atpildo grésmés
nekooperatyviai [jokios Komunikacija tik
komunikacijos stebint ankstesnius
turus
“Galutinis zaidimo
efektas”:  lygybé su
vieno turi Zaidimais per
paskutinj raunda dél to,
kad néra atpildo grésmés

Koopeticijos modeliuose su individualiais uzsakovais sulyginama auksta kaina
(pagal autoriy) keiciant kooperacijos partnere¢ ir Zema kaina.

— Jeigu pakeitimo kastai yra dideli, tai ¢ia tinka Aumann-Dréze taisyklé

— Jeigu pakeitimo kastai mazi, tai tinkama yra pateikta OOCS taisyklé.

Jeigu informacijos dalys yra privacios, tai pelno paskirstymo taisyklés pasirinkimas
nuo to nenukencia. Pakeitimo kaStai gali buti dirbtinai sukurti pagal ,.kontraktuose
numatyta bausme®.

Treciasis skyrius pateikia eksperimentinj pasitlytos teorijos patvirtinima.
Koopeticijos modeliai, susij¢ su sutar¢iy stabilumu, praktiskai bina tiriami internetu
pagristuose eksperimentuose. Pramonés tiekimo tinklo modeliai su placigja rinka ir su
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atskirais vartotojais buvo iSnagrinéti. Idealis tipiski pavyzdziai buvo apskaiciuoti su
programa ,,MATLAB®“. Interneto eksperimentai buvo jgyvendinti. Ekonominiy
eksperimenty kompiuteriné programa ,,Z-tree* buvo naudojama norint sukurti aplinka,
kuri atitinka mikroekonomikos reikalavimus ir Zaidimo teorinius modelius.
Eksperimenty rezultatai yra jvertinti ir palyginti su teorinémis prognozémis. 2 lentelé
rodo skaitmeninius rezultatus ir placiosios masés rinkos zaidimy analizg:

2S lentelé. Aprasymas 4 placiosios rinkos zaidimy, esant bendram sprendimy skaiciui,
minimaliam ir maksimaliam bendram pelnui ir skirtingiems vidurkiams i§ eksperimento duomeny
bazés, eksperimenty rezultatai

Aspektas Eksperimentas
1 2 3 4
Zaidimy kartojimas 48 [48 |48 48
Derybos no |[yes |no yes
Turai viename Zaidime 1 1 5 5

Bendras sprendimy skaicius vienam dalyviui [48 |48 |240 |[240

Bendras skaiéius dvipusiy sprendimy 96 |96 480 [480
Maksimalus bendras pelnas 8 8 40 40
Minimalus bendras pelnas 3 3 15 15

Eksperimento rezultatai:

Vidutinis bendras pelnas dalyviui 4.6816.57128.07 |31.18
Vidutinis pelnas vienam dalyviui per vieng [4.68 |6.57 |5.62 |6.24
turg

Vidutiniai pelnai kiekvienam ture

1 4.68 [6.5715.82 ]6.10
2 5.59 16.27
3 5.61 |6.64
4 591 [6.55
5 (Galutiniai turai) 5.14 |5.61
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g Casze 2: 1 round - Case 4: 5 rounds -
R negotiation possible .- negotiations possible
Zz 5 e -
=1
S5
o = o
EE 5T 9 - Casze 3 4 rounds -
5 Case 1: 1 round - no negotiations
< no negatiation
3 1 1 1 1 1

1 2 3 4 =3
Round

Vidutinis asmeninis pelnas viename ture

1 atvejis: 1 turas — derybos galimos

2 atvejis: 1 turas — jokiy deryby

3 atvejis: 5 turai — derybos galimos

4 atvejis: 5 turai — jokiy deryby

3S pav. Palyginimas empiriniy duomeny apie asmeninius pelnus 4 atvejais vykdant eksperimentus
placiojoje rinkoje: atskiry veikianciyjy pelno vidurkiai per kiekviena tura, statiski zaidimai
parodyti tik per 1 tura

3S paveiksle grafiskai sujungiami skaitmeniniai rezultatai su atitinkamais turais. 3
lenteléje pateikiami skaitmeniniai rezultatai ir zaidimy su atskirais vartotojais analize.

3S lentelé. Vidutiniai nukrypimo santykiai taikant OOCS taisykle bei ADMCS taisykle, surinkti i$
6 eksperimenty skyriuje 3.3.3. (autoriaus)

Ivykiai | Dalyviy [Informacija |Rekomenduojama|OOCS ADMCS

pakeitimo taisyklé taisyklé taisyklé
kastai
Tikétini | Mazi Tik viesa 00CS 10.13% |88.47 %
Tikétini | Mazi Ir privati 00CS 7.53% 65.46%
Tikétini | Dideli Tik viesa ADMCS 65.71% [ 75.1% (1 turas)
(1 turas)
- 21.48% (2-4 urai)
Tikétini | Dideli Ir privati ADMCS 25.17% | 65.37% (1 turas)
(1 turas)
- 11.32% (2-4
turai)
Taip pat |Mazi Tik viesa 0OO0CS 12.62% |80.81%
netikéti
Taip pat | Mazi Ir privati O0CS 1591% |79.14%
netikéti

4S paveiksle pateikti visi 4 zaidimai, kai veikianciyjy (dalyviy) pakeitimo kastai
buvo mazi, ir palyginama su empiriniais duomenimis bei OOCS taisykle ir su
empiriniais duomenimis bei ADMS taisykle.
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[ Only sxpected events 1 Alsn unexpected events |
l Only public infarmation 1 IA\ED private information I Cnly public im’nrmat\nnl IAIED private information 1
100% 85.47% B5.46% 80.81% 79.14%
a0% -
10.13% TA3% 12.62% 15.91%
| ] || -|
Q0CS ADMCS QOCS ADMCS QOCcs ADMCS QoCcs ADMCS
Tik tikétini jvykiai Taip pat netikeéti jvykiai
Tik viesa informacija Ir privati informacija Tik vieSa informacija Ir privati informacija

48 pav. Eksperimentai su mazais dalyviy pakeitimo kastais, palyginimas OOCS taisyklés ir
ADMCS taisyklés, kalbant apie vidutinius nukrypimo tarp teoriniy prognoziy ir eksperimento
duomeny (pagal autoriy)

Eksperimentai su tiekimo tinklais placiojoje rinkoje priveda prie tokio supratimo:
derybos teigiamai jtakoja vidutinius pelnus. Daugelio tury zaidimai nebitinai duoda
geresnius pelnus nei vieno turo zaidimai. Kooperacija mazéja kooperavimosi laikotarpio
pabaigoje. Atlikti tiekimo tinkly su atskirais uzsakovais eksperimentai patvirtina teoring
prognozg, kurig iSplétojo autorius: zaidimuose, kai dalyviy pakeitimo kastai biina dideli,
tinka taikyti Aumann-Dréze taisykle. Zaidimuose su mazais kastais tinkama biity
iSpléetota OOCS taisyklé.

Bendros iSvados

1. Koopeticija— naujausi duomenys:
dar néra realaus teorinio koopericijos pagrindo.

2. Sitloma koopeticijos struktiira.

Koopeticija — verslo savitarpio santykiy perspektyva, kai démesio centre yra vienu
metu veikianti konkurencija ir koopeticija. Koopeticijos modelyje tam tikra problema
gali buti suformuota taikant tokias determinantes kaip institucijos, pramonés aplinka,
laikas.

3. Pramonés tiekimo tinklai

Verslo partneriai koopeticjos modelyje skirstomi j tokias kategorijas kaip tiekéjai,
uzsakovai, konkurentai ir ,,papildomy prekiy ar paslaugy tiekéjai®. Uzsakovai skirstomi:

— atskirus vartotojus,
— placiaja rinka.
Deryby rezultatus galima tiksliai parodyti, jei darysime prielaida, kad kiekvienas

dalyvis elgsis racionaliai, o tai raktas j savo galios derybose pazinimg. Santykiai su
placiaja rinka reikalauja griztamosios indukcijos.

4. Sutar¢iy nesuderinamumas laike
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Kai keiciasi biitinos sutarciy salygos, tai bent vienas i§ dalyviy tampa nepatenkintas
anksciau pasirasyta sutartimi. Tai stato | pavojy sutarties stabiluma. Vis tik, kol nebus
geresnés alternatyvos, sutartis nebus nutraukta, jei dalyvis sprendzia reikalus racionaliai.

5. Sitloma ,ISorinés parinkties modifikuoto pelno paskirstymo taisykle

koalicinéms strukttiroms*

Remiasi trijy dalyvaujanciy veiksniy atveju ir susideda i§ tokiy aksiomy: Pareto
efektyvumas ,,produktyvaus komponento ribose, kai struktliros koalicinés,
,,Modifikuota simetrija“, kuri panasi j ,,Myersono subalansuoty kontribucijy aksioma*.

OOCS taisykle sitilo tokj iSdestyma, kuris biity stabilus ir nepasiduoty veikianciyjy
pogrupiy nukrypimams. PrieSingai, ,,Aumann-Dréze taisyklé¢* ir ,,Myersono taisyklé
koalicinéms struktiiroms®, kuri bina identiska tinkluose, kai dalyvauja 3 pusés, nebiina
stabili ir ignoruoja iSoring parinktj.

6. Sutarciy stabilumas ir prognozavimas modeliuose, dalyvaujant placiajai rinkai.

Pasitaiko prieStaringy skatinimy spresti reikalus kooperatyviai ir nekooperatyviai.
Skatinimas spresti kooperatyviai (kartelio sprendimas) aiskinamas kaip:

— noras pasiekti (komponento) Pareto efektyvy rezultata,

— atpildo grésmé,

— prekybos santykiy kulttra, kuri palengvina deryby rezultaty harmonizavima.

Skatinimas spresti nekooperatyviai, nes yra nuojauta, kad kitas dalyvis veiks
nekooperatyviai.

— negalima laukti atpildo paskutiniame ture (baigiamojo zaidimo efektas).

Negalima daryti tiksliy prognoziy dél priestaringy skatinimy  spresti
nekooperatyviai ir kooperatyviai.

7. SutarCiy stabilumas ir prognozés koopeticijos modelivose su atskirais

uzsakovais

Aukciono procediiroje, kur dalyvauja pramonés tickimo tinklas su dviem galimais
tickéjais, atskiras uzsakovas ar koaliciné struktiira skiriasi tarpusavyje pagal tokius
aspektus kaip:

— dideli ir mazi kastai, susij¢ su kooperacijos partneriy pakeitimu,

— iSimtinai vieSa informacija su galimybe gauti ir privacios informacijos.

Tuo atveju, kai dalyvio pakeitimo kastai biina mazi, naudojama OOCS taisykle,
kuri leidzia prognozuoti deryby rezultata, o tai jgalina sudaryti stabilig sutartj, jeigu
dalyviai bus racionaliai veikiantys. Si taisykle¢ geresné negu ADMCS  taisyklé.
PrieSingai, tuo atveju, kai dalyvio pakeitimo kastai buina dideli, Aumann-Dréze taisyklé
leidzia daryti atitinkama prognoze dél pelno pasidalijimo tarp kooperuojanciy pusiy dél
to, kad kitas dalyvis bus negrazinamai atmestas. Jeigu informacija apie dalyviy sitllomas
maksimalias kainas yra privati, tai nuo to nenukencia pelno paskirstymo taisykliy
naudojimasis. Dalyvio pakeitimo kastai gali buti dirbtinai generuoti pagal sutartj dél
,,kontrakte numatytos bausmeés®.

8. Eksperimento rezultatai

Kalbant apie tiekimo tinklus, dirbanc¢ius su placiaja rinka, surinkty eksperimento
duomeny analiz¢ leidzia daryti tokias iSvadas:
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— ,,Vidutinio bendro pelno vienam dalyviui“ palyginimas patvirtino, kad derybos
daro teigiama jtaka pelno vidurkiui.

— Palyginus ,,vidutinj pelng vienam dalyviui per vieng atskirg tura“ buvo i§ dalies
patvirtinta ir i§ dalies paneigta teoriné¢ prognoze, kad daugelio tury zaidimai du-
oda didesnj vidutinj pelna negu vieno turo zaidimai.

— Palyginus baigiamuosius turus i§ 5 tury zaidimy su pateiktais pelno vidurkiais,
pasitvirtino prognoz¢ dél vidutinio pelno sumazéjimo dél ,,baigiamojo zaidimo
efekto®.

Kalbant apie tiekimo tinklus, dirbanc¢ius su atskirais uZzsakovais, surinkty

eksperimento duomeny analize buvo nustatyta, kad:

— tuose zaidimuose, kuriuose dalyviy pakeitimo kastai buvo mazi, pasirode, kad
OOCS taisykle buvo tiksli ir Zenkliai tikslesné uz ADMCS taisykle.

— kai zaidimuose dalyvio pakeitimo kastai buvo dideli, ADMCS taisykle pateike
tikslias prognozes. OOCS taisyklés negalima naudoti tokiuose Zaidimuose.

9. Galima praktiné tyrimo verté

Disertacija, kaip tarpinis zingsnis mokslo plétroje, prisideda prie:

— geresnés kontrolés vykstant deryboms,

— deryby rezultaty prognozes ir

— sutarties stabilumo esant skirtingoms aplinkybéms.

Ateityje jmoniy turimos kompiuterinés sistemos duos reikiamus racionalius
sprendimus, kurie svarbis verslo strategijai.

Disertacija — tai indélis $ia linkme. Sia prasme disertacija apskritai padeda geriau
suprasti strategijos valdymg ir savitarpio santykius versle.
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