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Trust in the Firm
Some Remarks on the Mathematical Economics of Trust1
by
Horst Albach2
Abstract:

The paper reports on various mathematical methods which have been used to demonstrate that
trust and loyalty in the firm are important economically. Special emphasis is laid on
one-stage and two-stage principal-agent-models. They show that trust and loyalty in the firm
are strengthened when wages are contracted under relational law (long-term contracts).
Another approach to trust in the firm is the prisoner’s dilemma game with an augmented
utility function based on the writings by Aristotle and Adam Smith. With Smith´s “fellowfeeling” in the objective function the players reach first-best solutions.

A. Introduction

This paper was written for the CASiM Conference 2012 “The Role of Trust in Business
Economics” on June 28, 2012. The conference wants to clarify an important issue for theorists
and for practitioners in management: What is the type of theory of the firm for the 21st
century? What are the methods that will empower managers to master the problems of firms
in the 21stcentury? The answers to these questions will be manifold. Some may even think
that there are other questions more relevant for business in the 21st century than trust.

It may be useful to first find out what others think of the future of management. Therefore let
us first look at the articles in “Zeitschrift für Betriebswirtschaft, volume 81 (2011)” and at the
McKinsey Quarterly.

The Zeitschrift für Betriebswirtschaft gives a good overview of the methodology that may be
helpful for managers to solve the problems of the 21st century. ZfB published 47 articles in the
monthly editions and 33 articles in the special editions. Ten of them are empirical studies, two
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accounting studies, one deals with real options, and one each are simulation, game theory and
operations research models. 64 of the 80 articles are special studies without making use of a
more general methodology. I conclude: “empirical studies are in”. None of them discusses
ways of reproducing the data set. Yet, managers may question the results of the empirical
studies anyway. They may not hold in their own firms, and they may not hold in the future.

The McKinseyQuarterly reports on a wide range of topics important for managers. 31 issues
from 2004 to 2012 form the basis for this overview. Six are devoted to different countries
(China 3, India 1, Latin America 1, and Asia 1); five deal with problems in the global world,
five discuss strategy, and three deal with government relationships. There are two issues on
innovation, two on marketing. McKinsey has published one issue each on growth, on
performance, on women and leadership, on climate change, and technology. The issues on
health care and on “The 21st-century organization” are particularly interesting.

The conclusions drawn on this basis is:
1. There is a wide gap in the field of dynamic models of the firm. The Center for Advanced
Studies in Management (CASiM) at HHL Leipzig Graduate School of
Managementshould fill it.
2. There is a lot of interest in empirical research. CASiM should develop its own data base
for long-run empirical tests of models of the firm. The institute has to make sure that the
data can be checked, repeated, and are time-consistent.
3. Game Theory has become a most important research tool for studying strategic behavior
of firms on narrow oligopolistic markets. CASiM should make significant contributions
to advancing this method.
4. The subject “Management of Innovation” is still very relevant.
5. “Strategy and Organization” has become very important for multinational companies.
6. CASiM will have to develop dynamic models of the firm and for developing models of
the firm in chaotic and turbulent environments.
7. Comparative studies of behavior of firms from different cultures will help managers to
remain successful in the 21st century. This includes studies of corporate ethics.
In what follows I will present my own vision of a “Theory of Management in the 21st
Century”.
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B. Management Theory in the 21st Century
What is management in the 21st century? This was the topic of the first session of the CASiM
Conference 2012 “The Role of Trust in Business Economics” on June 28, 2012. I will first
mention three areas that management will have to cope with:
• Structural change in the global economy
• Uncertainty in the form of turbulence
• Complexity
I. Structural Change

Structural change is defined by great changes in the flow of goods, services, and money
between countries: China, India, Brazil, Europe, the United States, and the struggling
countries particularly in Africa.

II. Turbulence

Turbulence is characterized by hardly predictable changes in the environments of firms
including conflicts between ancient cultures, between ethnical groups and between radical
groups with a religious background, and probably increasing conflicts between the “haves”
and the “have-nots” in the world. Water may become a source of serious conflict3.

III. Complexity

Complexity is a catchword with many meanings. I define complexity by interdependence of
the functional units of the firm and of the firm and its stakeholders.
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C. Management Methodology in the 21st Century
What are the tools that managers need to cope with the problems of the 21st century? Most of
the managers and consultants today have two answers to this question: resilience and
sustainability management. The theorist knows that these words are not new, neither in theory
nor in practice. Resilience is innovation management and conservative finance management,
and sustainability is going-concern management.

I am convinced that we need hard science and good knowledge in the history of economic
thought in order to cope with the problems of the future.

I. Hard Science: Mathematics

By hard science I mean mathematics. Mathematics has been applied in the past for complexity
management and will be used for the same purposes in the future. Mathematics specifies
clearly the assumptions made, the axioms used, the interdependencies between the variables
clearly formulated in equations, and the solutions based on mathematical logic. Mathematics
does, however, not produce applicable results. It leads us to the question: Why should the
mathematical solution be applicable in managing complexity? In order to answer this
question, we need additional tool kits.

II. Empirical tests: Econometrics

One of them is empirical testing of the models against “reality”. Reality, however, is a data set
put together from past practical experience. It is a sample of data from the past and sometimes
collected in an attempt to prove a hypothesis and most of the time not repeatable.
Experimental testing is therefore not without doubt. And very important: Experiments that test
hypotheses we already know to be true are as waste of time. Therefore, we need a third tool
kit.
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III. Plurality of Methods

In this third tool kit we find different mathematical approaches to the problems of
management in the future. If they all come to the more or less same conclusion, one may put
more trust to their results.

IV. The History of Thought: the Theory of Investment of the Firm

Roughly fifty years ago a fundamental change took place in the theory of the firm. Until then,
the static analysis of the inputs of the different production factors into the production function
and its single product output had dominated4. Capital was one of the production factors. Why
and how the capital stock developed was not analyzed. It was a given. Then, in a comparative
production function theory5, changes in the factor inputs were studied, but still in the
framework of a static analysis. It became obvious that a truly dynamic analysis of the factor
“capital” was needed.

The first steps in the dynamic analysis were devoted to the lifetime of a piece of real
investment6. What was the optimal lifetime of a machine? The answer to this question was the
basis for determining “the economic rate of depreciation”. With this depreciation rate known
one could continue using the old static “cost-benefit-analysis of an investment project” and
determining the profitability of the project. However, it was soon recognized that this
approach to determining the profitability of pieces of equipment was inadequate. For a short
period of time the “internal rate of return” was believed to be the appropriate measure of the
profitability of investment. However, this method was seriously flawed also. Finally, the
“discounted cash flow method” found general acceptance as a measure of the profitability of
an investment project. This method, however, was not without methodological problems. The
cash flows from a project could not easily be separated from the total cash flow the firm
generated each year. And, secondly, the cash flows from the investment project were
uncertain. That caused serious problems: Since the future is uncertain, assumptions had to be
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made about the future7. The future depends on the behavior of the customers and of the
behavior of the competitors which were not known. Could management trust the forecasts
made by the specialists in the firm? Could management trust the tax policy promises of the
government? Hindsight has told managers that forecasts made ten years ago were utterly
false. In particular, in an imperfect capital market could management assess the “discount
rate” properly? And what about the assumptions about the competitive policy measures of the
competitors? We needed a truly dynamic theory of the firm. The first step in this direction
was done by Joel Dean. His book “Capital Budgeting”8 showed the way, although it was still
rooted methodologically in the static price theory of the thirties. It led to a “Dynamic Capital
Budget”.9 From a large number of projects which were independent of each other, the most
profitable ones were selected under the condition that they could be financed by a mixture of
short-term and long-term financing with different covenants. Each year management decides
on a capital budget which assumes trust between top managers and the investment managers
who signal true information. The dynamic capital budget also expresses trust between the firm
and its credit institutes who provide the financing means for the capital assets in the annual
investment budget. Also, the banks trust the firm that they realize the investment program that
forms the basis of their financing contract. The uncertainty of the future was not only inherent
in “nature” but also by the competitive acts of competitors in the market and by internal
conflicts between management and employees. The theory of investment of the firm had to be
extended to a dynamic theory of uncertainty, information, and trust. We will deal with these
new developments in the next chapter.
D. Examples of Management Methodology in the 21st Century

I. The Production Function

The classical theory of the firm is based on what is called a production function. It used to be
static. The neo-classical approach is the dynamic production function. It models not only the
optimal input of resources for a given output in one period, but it models also the adaptation
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process that takes place after a change in the environment or within the firm. The dynamic
production function then tells management how to optimize the time path to the next
equilibrium (which may never be reached when the changes in the environment take place
faster than management had planned to be the optimal path). Stefan Kayser10 will present a
paper on a dynamic production function empirically tested against the transformation
processes of Hungary and Poland.

II. The Neo-Classical Model of the Firm

The neo-classical model of the firm may also be used to describe growth and decline
processes of the firm in a multi-equation-model with an equation each for the different
functions in the firm: production, investment, marketing, procurement, inventory
management, and research and development11. It was shown on the basis of the annual
financial reports of 295 German and 104 Japanese firms that each manager of a special
function in the firm tries to maximize its individual objective function using OR-optimization
methods. The result is then communicated to head office which coordinates the partial plans
in a step-by-step process until the global optimum is reached. Management trusts the division
heads. They report true information. At AEG Corporation it did not hold true. AEG is a good
example for the absence of trust and the presence of misinformation. It finally resulted in the
insolvency of AEG.

III. Control Theory

Control Theory is a step forward from the theory of variations. It helps to optimize dynamic
processes with a fixed starting point and a variable end point. Bertil Näslund12 was the first to
apply control theory to growth processes of the firm. Thomas Ludwig improved the Näslund
model13. He showed that the optimal path into the future of the firm might require a “growth
intermission” in order to adjust the real growth path to the optimal path of development in the
finance and the capital structure. Such a growth process dominates a path of steady growth. It
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may be better, however, to follow a “steady growth strategy” if stakeholders would lose trust
in the firm when it stops growing for a while, or: put otherwise: The manager have to manage
trust with their stakeholders so that they do not lose trust in the future of the firm

IV. Chaos Theory

Another mathematical description of dynamic processes in the firm is chaos theory. Andreas
Pinkwart has analyzed the dynamics of firm growth by a single quadratic equation with
lagged variables14. Given a certain set of starting data which describe the present situation of
the firm, growing may take a chaotic path into the future. The firm may then get into a
situation where any decision management takes will be wrong. Management for sustainability
means then managing a going concern by careful controlling the data of the present situation
and keeping the development of the firm far enough away from the data that might start a
chaotic development. This is a new form of controlling the financial statements of the firm.
Otherwise, everybody, employees of the firm as well as stakeholders, lose their trust in the top
managers.

V. Game Theory

Game theory has become an important tool in the analysis of the behavior of small groups of
economic agents. Behavior may be cooperative and non-cooperative, short-term or long-term.
Game theory helps us to understand more deeply the importance of trust in the firm. The
papers by Silke Bustamante and by Michael Tröge analyze trust and aggressiveness in the
firm and trust of customers and their credit institutes with game-theoretical methods.

Since in the long-run continuous games with infinite horizons may have many equilibria,
evolutionary game theory with experimental setups has become important for the selection of
approximately optimal strategies in practice. Fudenberg (1990) analyzes how “cooperation
might arise in a population of self-interested agents. If the game is played only once, the
unique equilibrium results in inefficient pairs. If, instead, the game is repeated infinitely often
and the players are not too inefficient, there are cooperative equilibria in which both players
are always cooperative (or put in the words of the author: always trust each other)”. Dal Bó
(2005) in his study of infinitely repeated games comes to the conclusion that “repeated
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interaction may enable punishment and reward schemes that prevent or limit opportunistic
behavior and support cooperation. The danger of retaliation for defection of the other player
(“the Shadow of the Future”) significantly reduces opportunistic behavior” (p. 1602). This
means in practice that the longer the time of office of the top manager, the greater the trust
between top executives. In 2011 Dal Bó and Fréchette presented new experimental evidence
on the evolution of cooperation and trust in infinitely repeated games, and in April 2012
Fudenberg and colleagues studied continuous games with learning from experience and
continuation probabilities derived from such learning. The players may be “lenient”15 or in
other words ready to consider defection of the partner as an “error” or they may be willing to
forgive purposeful defection. The experimental results show that “in an uncertain world, it can
be payoff-maximizing to be slow to anger and fast to forgive” (p. 742). Trust is, therefore, a
very important type of behavior in a turbulent world.

The really interesting result of this school of thought is that only in continuous games
cooperation (trust) will arise, but might be broken any time when too many players are
involved. In the one-shot games behavior will always be non-cooperative. The players behave
opportunistically, and trust cannot be expected. In the one-shot prisoner’s dilemma discussed
below I will show that trust is nevertheless an efficient strategy for the players.
Wilhelm Krelle in his paper “Ethik lohnt sich auch ökonomisch“ developed16 a noncooperative two-person-game with perfect information. He studies a “personality-based
game”. The results of this game are: “Decent behavior and punishment for deceit are types of
behavior that are profitable not only in the long-run, but also in the short-run, if the players
can trust each other. In the realm of ethics, there is a sort of “invisible hand” which keeps
mankind from degenerating into a gang of cheaters and bandits”17.

VI. Principal-Agent-Theory

Principal-Agent-Theory is a special form of game theory. In its original form the model
assumed a one-period relationship between a principal (P) and an agent (A) who each
maximize their profit or utility respectively. They have asymmetric information about their
character, action, and information. This gives rise to the “moral hazard”-problem. The two try
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to exploit each other and try to avoid this by contracts that reduce the probability of being
exploited. This is expensive. By writing “optimal contracts”, people try to overcome their
basic fear and distrust. Homo homini lupus! But there are no “optimal contracts” in a world of
uncertainty, turbulence, and chaos.

If the contract is what Williamson has called “relational law”, then the optimal contract may
avoid moral hazard. If the principal, who offers the contract, trusts his agent, then it is optimal
for the agent to honor this evidence of trust and to behave as a loyal agent. This is the
dynamic principal-agent-model of Thomas Petersen. I will show the Petersen model in more
detail below18.

Petersen has also developed a three-stage-PA-model with a principal, a manager, and a
worker. The manager can observe the worker and reports his information to the principal.
Petersen shows that such a hierarchy improves trust of the principal in his subordinates on the
one side, and loyalty of the worker to the manager on the other. This model was applied to the
three-step-situation of shareholders, boards, and executives with striking results. I will give a
short description of that model later on.

VII. The Prisoner’s Dilemma

The prisoner´s dilemma has become a standard model for a non-cooperative two-person
game. Each player maximizes his own utility. The first-best solution of this game cannot be
reached because the two players distrust each other. It has always amazed me that theorists
should define utility such that the players maximize their utility although they know that they
have to go on living with the memory that they have sent their “partner” to the electric chair.

Adam Smith assumed that firms maximize their profits and thereby improve the wealth of
nations on the condition that markets are perfect: many suppliers and many customers are
coordinated by the “invisible hand” of the market. If, however, the market is imperfect, utility
maximization is different from profit maximization. In this case, Adam Smith included
“fellow-feeling” in the utility function of each player, and the first-best solution is achieved
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because each player trusts his partner. I will present a model of the prisoner´s dilemma with
trust later on. It emphasizes the importance of trust in the relationships of members in
society.

E. The Petersen-Principal-Agent-Models

I. A one-period-two-persons model

We start with the simplest model of a principal-agent relationship. A principal P has hired an
agent A. P offers A a one-period labor contract. The contract maximizes the profits of P. It
takes into consideration the objective of the agent to maximize his utility (incentivecompatibility of the contract), and that the wage is higher than any other offer the agent might
get from another principal (participation constraint). Thomas Petersen stresses the importance
of the incentive compatibility constraint in the labor contract: “the utility function of the agent
cannot be influenced by the principal. Or put differently: the preference function of the agent
is a tabu for the principal. The personal freedom of the agent has priority and is recognized by
the principal as a binding responsibility”19.

The mathematical formulation of this problem is given by equations (1) to (3) below.
P maximizes his profits

where
G = profits of P/utility function of P,
x=

= total return, where

models random influences,

a = performance of A,
s(x) = part of the total return that is paid to A,
c = fixed wage,
E = expected value.

with
H = utility function of the agent,
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= reservation wage.

(2) is the participation constraint. The agent is willing to accept the contract only if the utility
of subscribing to the contract is higher than the maximum utility he would gain under a
contract with another principal.

This is the incentive-compatibility constraint. Positive changes in a (a´) lead to higher returns
x=

and hence to higher s(x). In general it is assumed that P is risk-neutral and A is risk-

averse.

The optimal solution of this contract problem is a function s(x) and not a certain number.
s(x)specifies for all returns what part of the returns the agent will receive20. The optimal utility
of A is given by

V(a) is the premium for A´s performance. It is obvious from (4) that A receives a wage which
is above his reservation wage. A receives a wage solely based on his results (returns). The
principal cannot observe A´s behavior.

On this basis one can develop models with results control and with behavior control. In the
case that P delegates control to a manager M, we get a Hierarchy-Principal-Agent model. We
look at such a model below.

II. A Two-Stage-Two-Persons-Principal-Agent Model

We now present the two-stage model. The basic model is simple. Over the years, P observes
the results of the work of A. He infers from these observations information about the behavior
of A. The uncertainty of A´s behavior and of his commitment to P is continuously reduced,
and thus the moral hazard problem becomes less important. Trust in the agent increases.
Thomas Petersen has developed such a model21.
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P has to solve the following problem. He wants to write an optimal wage contract

where the notation is analogous to the previous section and where l ist he signal observed by
the two partners. The signal l is an indicator of the loyalty of the agent. The index t
(t=1,2)indicates the time period t.

The reservation constraint of the agent is

This is the expected utility of the agent which depends on the wage strategy of the principal
and the work intensity (commitment) of the agent. One notices that
in period 1 and on the loyalty information l

depends on the return

that the principal receives at the end of period

1.

We write the incentive-compatibility constraint

Simplifications lead to the following problem of the principal who wants to offer an optimal
labor contract:
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This is the objective function L (for Lagrange) of the principal with the Lagrange factor λ for
the participation constraint and

and

the Lagrange factors for the incentive compatibility

constraint.

Optimizing the Lagrange function gives us the optimal intensity of work for the agent

and the optimal wage strategy of the principal

These equations are used to compute the optimal work intensity of the agent and the optimal
wage strategies of the principal. They use the total evidence of previous periods to determine
the optimal wage contract. The higher the total return, the higher the premium payment for the
agent. With equal returns and an increasing indicator of loyalty the agent is rewarded for his
14

loyalty. The higher the return of the first period, the higher the expected utility of the agent in
period 2.

Petersen concludes: The optimal long-term contract is characterized by the fact that the salary
of the agent is smoothed over time. Or, put otherwise: the uncertainty of the first-period return
is distributed over the two periods. And, generally speaking, “relational contracts in the sense
of Williamson (long-term contracts under relational law) improve the risk distribution
between the principal and the agent. They improve the incentive problem for both partners.
The longer the agent works for the principal, the better informed is the principal about the
loyalty of his agent, and the less an error of the agent weighs in the eyes of the principal. The
trust relationship between the principal and the agent is strengthened. Long-term contracts
activate the loyalty of the agent to the firm”22.

III. Petersen´s Hierarchy Model
Petersen seems to have been one of the first to develop Hierarchy-PA-Models.23 The model
consists of the principal P, the manager M, and the worker A. M observes the work of A and
reports his findings of A´s commitment to his work to P. P can neither observe the behavior of
M nor that of A.

The model is exemplified for the relationship between shareholder (P), Board of Directors
(M), and Executives (A). The result is the following recommendation: The members of the
Board receive the smallest compensation possible: it just covers their reservation salary. The
executives receive a salary which depends on the profits of the firm and on their behavior as
reported in the annual financial reports. The board has no incentive to misinform the
shareholders, because the members receive a fixed amount of money. The members of the
board always tell the truth.

Thomas Petersen concludes: The government structure of the corporation is an efficient
incentive-compatible organization as long as all members of the organization behave in
accordance with the law. And generally: a bureaucratic organization is optimal given certain
conditions.
22
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F. A Prisoner´s Dilemma Game with Trust
I now present a one-stage game with trust. The well-known prisoner´s dilemma24 is a noncooperative game in static form. The basic assumption is that the two players each want to
maximize their utility, which is defined as their individual “profits”. They behave
opportunistically..

Table 1 shows a numerical example of their pay-off matrix.

Table 1: Pay-Off Matrix
Actions

B1

A/B
A1

A2

B2
-30

-30

-60
-3

-2
-50

-4
-5

The so-called rational solution for both players A and B is to play A1B1. The stable
equilibrium of the game is a loss of 30 units of profits for each player. Inspection shows that
A2B2 would be a better solution. But it is not stable under the conditions of the noncooperative game. The temptation to get away with smaller losses (A2: -2; B2: -3) is
considered too great.

The reason for considering A1B1 a stable solution is quite obviously the lack of trust between
the two partners. But why shouldn´t they trust each other? The lack of trust costs B 26 units of
profits, and A 25 units of profits. Obviously, the objective function of the players is wrong. It
is without any basis in the history of management thought, and is without any knowledge
whatsoever of the history of corporate ethics. Profit maximization is, according to Adam
24
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Smith, a reasonable objective function only if the market is perfect. If it is not, the partner´s
well-being has to be added as an element of the objective function. As early as at the times of
Aristotle the objective function of an agent in the polis contained the happiness of his fellowcitizens as an element of his own happiness. In the same vein of thinking Adam Smith talked
of fellow-feeling.

If player A applies the weight

= 0.8 to his own pay-off and the weight

= 0.2 to player

B’s pay-off, then we get the pay-off for player A shown in table 2, and A2B2 becomes the
optimal solution. This means that trust with a weight of only 20 % in the utility function of
player A is worth 25.2 (= 30 – 4.8) units!

Table 2: Pay-Off Matrix
Actions

B1

A/B
A1

-30

A2

B2

-14.4

-40.4

-4.8

Let us now consider the Aristotle utility function with costs K(x), given by

with
,

= weights of profits P and contribution to fellow-feelingF,

x = production volume,
P= P(x,p(x),K(x)) = profits,
p= p(x) = price of the product with production volume x,
K(x) = cost function,
F = F(x) = cx = fellow feeling, with
c = wellness factor of the fellow for each unit of x produced,
and
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We assume a symmetric game. Demand is determined by (13)

The cost function is

with FK = fix costs.

Maximizing (11) with respect to x we get the optimal output and price

and

In order to illustrate the solutions let us use a numerical example with
C = 2, D = 6, c = 4, B = 1, A = 16, and FK = 4.

We get for
With

= 1 the profit maximizing solution x* = 1.00; p* = 15; U* = 3.0.

= 0.5 the Aristotle solution is x* = 1.29; p* = 14.71; U* = 3.79.

This means: The firm produces more (because it is in the social interest to have more goods
on the market, and the firm feels that its social responsibility demands to recognize such
interests) at a lower price (which benefits the customers – the firm´s fellow-feeling). Total
utility is higher by 0.79 units. The weighted profits of the firm are reduced from 3 to 1.21
units, while the weighted fellow-feeling increases from 0 to 2.57 units. One might argue that
this solution takes the interests of the customers (the neighbors in the polis) too seriously. The
firm might assign a weight of less than ½ to the interests of the customers without violating its
social responsibility. On the other hand one might argue that under the conditions of markets
with perfect competition the firm would make no profits at all.
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Table 3 shows the figures for

= 0.3 to

= 1.0 increased in steps of 0.1, and figure 1 shows

a graphic representation of the total utility U*, the weighted profits
fellow-feeling

F*based on an interpolation for data for

P* and the weighted

= 0.3, 0.31, 0.32, …, 0.99, 1.00.

Table 3: Weighted Profits and Weighted Fellow-Feeling

=
Weight

U* =
P* =
Total Utility Weighted
Profits

F* =
Weighted
Fellow-Feeling

x*=
Production
Volume

p* =
Price

1.0

3.00

3.00

0.00

1.00

15.00

0.9

3.10

2.69

0.41

1.03

14.97

0.8

3.23

2.37

0.86

1.07

14.93

0.7

3.37

2.03

1.35

1.12

14.88

0.6

3.55

1.65

1.90

1.19

14.81

0.5

3.79

1.21

2.57

1.29

14.71

0.4

4.11

0.69

3.43

1.43

14.57

0.3

4.63

-0.03

4.67

1.67

14.33

Figure 1: Total Utility, Weighted Profits, and Weighted Fellow-Feeling
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The figure illustrates that second-best solutions are not appropriate if we want to maintain
sustainability of firms and society. Trust is important and profitable. Rightfully so, people
without trust and fellow-feeling end up in jail, and microeconomists without ethics as well.

G. Conclusion

The paper has shown:
1. Trust is an economic variable.
2. There are many mathematical mehods that all come to the same conclusion: Trust
matters.
3. Mathematical methods prove that trust is essential for the firm´s competitiveness.
4. Mathematical formulations of Aristotle´s ethics and Adam Smith´s “fellow-feeling”
prove the importance of Ethics of the Firm as a basis for responsible management.
5. Long-term relationships reduce the moral hazard problem and thereby reduce
transaction costs of the firm.
6. Good management means management of trust within the firm and of the long-term
relationships with the firm´s shareholders.
7. Management of resilience and sustainability is based on management of trust.
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Appendix A: Derivation of Formulae for Aristotle’s Utility Function with Fellow Feeling

Substituting the price (13) and the costs (14) into (11) yields

Differentiating (17) with respect to x we find

As our constants B and D are assumed to be positive, we see from the sign of the
secondderivative that any extremum is a maximum. We solve

for x and find
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Hence the price p*=p(x*)for x = x*is given by

The fellow F*=F(x*)feeling for x = x*is given by

and the profit P*=P(x*)for x = x*is given by

The utilityU* = U(x*)for x = x* is then finally

subject to

. We note that, since

, the factor

is nonlinear in . Hence x*, p*, F*, P*and U*are also all nonlinear in .
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Appendix B: Formulae for Numerical Example

We substitute the numbers for the numerical example
C = 2, D = 6, c = 4, B = 1, A = 16, and FK = 4
into the equations (20) to (24) forx*, p*, F*, P*and U*on the previous page, use

and simplify:

So we have found from (27) to (32)
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