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ABSTRACT

The value of an asset (or the value of a firm) depends

on the way it is managed. Management, for example, may

control operations by choosing a production rate or control

finances by choosing the leverage ratio. Often the

management is entrusted with the task of restructuring under

the management contract which mayor may not restrict such

actions. Such management contract may be seen as the claim

on the value of the firm. This work attempts to value the

firm under management contract scheme using an option theory

approach, the so-called Contingent Claim Analysis (CCA).

Assuming that a firm is managed optimally, in

risk-neutral economy, its value may be found by discounting

cash flow at the risk-free rate. The value of the firm is

found by maximizing the expected stream of cash flows

aub j ect to boundary constraints. The solution methodology

follows the Black and Sholes analysis, Bellman' s dynamic

programming principle of optimality and various numerical

methods such as the Binomial option Pricing method. The

solution produces the value of a firm and the value of a

management claim.

The model is used to value firm and management control

in a specific program used to privatize the state-owned

enterprises called "Privatization through Restructuring",

introduced in Poland in 1991. Under so-called "management

contract", the management is entrusted with restructuring

and privatizing the company. Management compensation scheme

entitles to the option of the real capital gain and

withdraws from the generated profits.

The CCA valuation model provides a conceptual and

practical framework to value a company net of managerial

cost. A management group has dual incentives and depending
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on the parameters of the model mayor may not be interested

in the increase of the company's value and is subsequent

privatization.

The simulation results indicate some covenants that may

be imposed on the management group to encourage it to

exercise its "privatization" option and guard against moral

hazard tendencies.

The model is practical and may be used as an analysis

tool to ascertain the Privatization through Restructuring

Program. The model also discusses the market imperfections

that distort the research results.
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CHAPTER 1

Introduction

1.1 Outline of the problem

The value of a company is usually evaluated as

discounted stream of expected cash flows. The simplest

Discounted Cash Flow (DCF) method makes two fundamental

assumptions. First assumption is that the expected values of

cash flows are known. Second assumption is that the cost of

capital rate, at which cash flows are discounted is known,

and constant. More sophisticated DCF techniques assume that

the cost of capital is adjusted to account for riskiness of

the cash flow.

Though DCF techniques are widely used, their

limitations result from two underlying assumptions. Both

assumptions presuppose a static approach to valuation models

because they ignore the influence of managerial ,decisions.

However management actions may alter 'the stream of cash

flows as well as the riskiness of the flow, thus the cost of

capital. One example of such managerial action is the market

expansion that increases the cash flow in the future as well

as the riskiness of this flow. Another example of such

managerial action is increase of financial leverage of the

firm that increases both the cash flow and the riskiness of

the cash flow.

Option theory allows to value "financial options".

There are two basic types of options: call and put. A call

option gives the holder the right to buy the underlying

asset by a certain date for a certain price. A put option
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gives the holder the right to sell the underlying asset by a

certain date for a certain price. Recently some option

theory techniques have been used to value projects and

companies. These methods are collectively known as

contingent Claim Analysis (CCA) or "real options". The

principal advantage of CCA method over DCF method is that

the first one allows to value managerial flexibility.

Specifically by applying dynamic setting in the CCA method,

managerial flexibilities may be valued. These flexibilities

are usually called "operating flexibilities" or "strategic

options". The operating flexibilities refer to additional

value of the project that allows to adjust operating

decisions by taking actions in the course of the life of the

project. Second, CCA allows for minimal forecast data,

since the valuation does not depend on forecasts of

probabilities of different scenarios of so-called "states of

nature". Third, CCA does not imply adjustments of the

discount rates such as the cost of capital. Fourth, CCA

methods allow to distinguish the "good risk" from the "bad

risk" for proj ects with a "large upside potential" and

"limited downside risk". Option theory allows to view such

asymmetry as advantageous to the holder of an option. Thus

"risky" projects with asymmetric returns are not penalized

by assigning higher discount rates.

Option theory and CCA methods may be applied, as it is

proposed in this dissertation, as an useful tool in valuing

the so-called "management contracts". Management contracts

were introduced in Poland in 1991 by Jermakowicz and

Stankiewicz [1991], as one of the privatization techniques,

under the program called "Privatization through

Restructuring" . CCA allows to value the asymmetric

compensation scheme of management contract that offers

unlimited "upside potential" and "downside risk protection"

on the returns to the management.
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The key element of the management contract scheme is an

option on the equity value of the company, realized at the

time of privatization. This option may be analyzed as an

European or American call option. An European option is the

right to buy a number of shares at fixed price at the

expiration date. An American option is the right to buy a

number of shares at fixed price before or at the expiration

date.

Another important component of the scheme, next to the

call option is the percentage share of yearly net profits.

This component of the compensation does neither depend on

nor directly influence the value of a company. This portion

of the compensation scheme mayor may not be constrained.

Unconstrained case gives the management more flexibility.

Such flexibility allows the management to take strategic

actions that drive the value of the company. The so-called

"value-drivers" of the restructuring process are for

example: leverage policy, investment policy or asset

sale/purchase policy. By taking such actions management may

increase its percentage share of net profits and at the same

time drive the equity value up or down.

Since some of the elements of the management

compensation scheme do not depend directly on the value of a

company, the valuation framework becomes complex and

analytic solution cannot be found. Therefore numerical

approximation methods should be used to value more complex

compensation schemes.

The main goal in developing the CCA mod~l is an attempt

to answer the question: whether the management is given a

sufficient motivation to act in shareholder's interest by

increasing the value of the company? The success of the

Privatization through Restructuring program is measured by

management ability to restructure and privatize the company.
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Restructuring increases the value of the company that

manifest itself at the time of privatization.

The main research interest is devoted to assess

management flexibility under the management contract

compensation scheme within a CCA framework. Where it is

possible attempts are being made to find analytic solutions.

In particular a dynamic model allowing for managerial

flexibility is solved by using stochastic dynamic

programming and Bellman's principle of optimality. However

since most analytic solutions may seldom be found, the

majority of the dissertation is devoted to the use of

approximation methods.

The main goal of this research is to develop a

methodology for the evaluation of management contract. This

goal is accomplished by fulfilling the following tasks:

1. building a mathematical model,

2. providing appropriate solution algorithm,

3. computer simulation,

4. practical advise on the design of management contract

model.

The practical goal of the research is to help in

designing the management contract.

1.2 Review of contingent claim analysis literature

Financial option pricing theory incurred rapid growth

in the last 20 years. While option pricing models may not be

very popular in general industry yet, they are widely used

in financial industry. Financial option such as call and put

received great attention in financial literature after they

were introduced in the Chicago Board Options Exchange in

1973 . The same year a seminar paper of Black and Sholes
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spawned enormous interest in application of various

valuation techniques to financial options. Today many

financial option prices can be calculated with programmable

calculators and personal computer spreadsheets. Financial

options are based on well-defined financial instruments like

stocks, bonds, or commodities like oil, wheat or foreign

exchange.

The "real option" literature emerged in the last 15

years. In pricing these derivatives, techniques applied to

financial option pricing have also been widely used. During

the past decade, a number of authors have employed such

techniques in valuing different aspects of managerial

control. Myers [1977] first emphasized that the value of

control opportunities is contingent on the value of

underlying real assets and suggested the use of "real

option" framework.

The fundamental differences between financial and real

options were summarized by sick [1989] in the following

points:

1. Financial options are short-lived, usually for less

than one year to expiration date, although some 5 or 10 year

warrants are also available. Real options are long-lived, and

some have no expiration date, therefore they are perpetual.

In the case of management contract the option has two years

maturity.

2. While financial options can be exercised early i.e.

before their maturity date, the analysis of this decision is

of secondary importance because the cost of not exercising is

not significant with short-lived options. with real options

the decision to exercise the option or adopt the project is a

major issue. This is also the case in management contract,

since exercising an option is the same as selling company's
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equity.

3. Financial options are written on underlying assets

that are traded in various markets. The traded assets cannot

have a negative price, and this limits our choice of random

processes for the underlying asset price. In models of real

options, the underlying asset can be a non-traded asset, so

there is nothing preventing its "price" from being negative.

with real options, we can deal with a broader range of random

processes for the underlying asset price. In management

contract the value of a company is a non-observable

underlying variable and in fact theoretically may be

negative.

4. Financial options are generally quite simple in the

sense that they involve a simple option with a single

exercise price. The exercise price of real options may vary

over time and, indeed, may be random. Real options are often

compound options.

5. Since the financial options usually affect the

liabilities side of the balance sheet whereas the real

options affect the asset side of the balance sheet, therefore

options on the liability side will affect the company's cost

of capital.

6. Financial options are usually tradeable, whereas

real options are seldom traded.

The real options usually deal with flexibility. In

literature they are usually qualified into following

categories: options to switch, inputs and outputs, options

to defer, options to abandon and options to expand.

The real options literature contains various examples of

switching between different operations states. The option to
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initiate a project, McDonald and Siegel [1986], involves an

irreversible decision (ie. it precludes switching back to the

previous state) which can be thought of as switching a system

"on". There is value in waiting to initiate a project, even

if it has a positive net present value.

Majd and Pindyck [1985] also deal with the flexibility

to time investments, but are concerned with cases where there

is a pattern of investment outlays that can be adjusted as

new information arrives. This flexibility is especially

interesting in valuing long-term construction projects.

Pindyck [1986] examines the selection of optimal

capacity for a production facility in the so-called initial

investment problem. Kester [1982] and [1984] discusses the

so-called "growth options", i.e. options that are long-lived

and depend on the outcome of current proj ects . Growth

options are often a significant portion of a firm f s total

value.

Myers and Majd [1984] discuss irreversible option to

abandon a project for its salvage value. They model this

flexibility as an American put option with an uncertain

exercise price (the salvage value) and a deterministic pay

out rate on the project.

In contrast to the option above, the option to shut down

a plant temporarily involves a reversible decision. McDonald

and Siegel [1986] allow for costless shut-down, and value a

stream of future profits as the sum of European options to

produce in every instantaneous period.

Brennan and Schwartz [1985] incorporate both

irreversible and reversible decisions in their valuation of a

copper mine. While shutting down is a reversible decision in

their model, it is costly both to shut down and to re-open
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the mine. The value of the mine at any point in time is a

function of the following: the stochastic price of copper,

the remaining inventory in the mine (although this is assumed

to be infinite in obtaining analytic solutions), time, the

state of the mine (open or closed), and the operating policy

from the current time until the horizon.

Triantis and Hodder [1990], and Triantis [1988], examine

the pricing of complex options that arise in valuing a

flexible production system which allows the firm to switch

its output over time. Examples of flexible production systems

include refineries and chemical plants. A flexible production

facility may be substantially more expensive than an

inflexible (dedicated) one. Therefore valuing the tradeoff

between flexibility and initial cost is an important issue

for these types of investments.

1.3 Organization of the dissertation

In Chapter 2 basic valuation methodology is presented

including the Black-Shales model, the so-called risk-neutral

valuation argument and the Cox-Ross-Rubinstein (CRR) approach

that introduces the Binomial option pricing methodology. The

presentation follows Black-Scholes and eRR models.

In Chapter 3 several approximation methods are surveyed.

The efficiency of the computation algorithms is examined.

Based on simulation experiments and literature survey the

Binomial Option model was chosen by the author.

In Chapter 4 the basic valuation model

management contract is introduced in the context

Polish privatization process and management and

buy-out or buy-in schemes.

8
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In Chapter 5 several management contract

discussed. These models are the basis of the

computer aided decision support system.

models are

implemented

Chapter 6 presents simulation results of the computer

aided decision support system and the introduced models are

compared. An economic interpretation provides some insights

on the elements of the compensation scheme.

Lastly Chapter 7 concludes the research results and

provides directions for future research.
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CHAPTER 2

Valuation of derivative securities

2.1 Introduction

A derivative security (contingent claim) is a security

whose value depends on the values of other more basic

underlying variables. The value of derivative security

depends solely on the value of these underlying values and

time. The underlying value is often called a primary or

underlying security.

The set of values of underlying security is called an

underlying stochastic process. For financial derivative

securities usually the underlying variables are the prices of

traded securities. A stock option, for example, is a

derivative security whose value is contingent on the price of

a stock. Though most derivative securities are contingent on

traded securities, in principle they can be contingent on

almost any variable. Most contingent claim models assume

arithmetic or geometric Wiener process as the underlying

stochastic processes. Generalized form of the Wiener process

is:

dS = g(S,t)dt + ~(S,t)dw (2 .1)

where:

g(S,t) is the drift term,

~(S,t) is the variance term,

dw is the standard Wiener increment, i.e. dw=e 8t, where

e has a standard normal distribution and

8t is a discrete time increment.
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In arithmetic and geometric Wiener processes the drift and

variance terms are constants, i.e. g(S,t) :=~, ~(S,t) :=~.

Arithmetic Wiener process has the form:

dS = ~ dt + ~ dw (2.2)

The process is appropriate for economic variables taking both

positive and negative values and grows at a linear rate and

exhibit increasing uncertainty.

Geometric Wiener process has the form:

dS ~Sdt + ~Sdw (2.3)

For ~>O the process is appropriate for non-negative economic

variables that grow exponentially at an average rate of ~ and

have the volatility proportional to the variable S.

One possible and most straightforward method in valuing

contingent claims is to compute discounted expected value of

the sum of cash flows resulting from the claim:

where:

(2.4)

S

V o
f(S,t)

Q(S,T)

r

E

e

- is a stochastic variable,

- value of simple claim at time t=o,

- value of cash flow resulting from a claim on S at

time t,

- terminal value of a claim on S at time t=T,

- discount rate chosen according to the risk of

the cash flow,

- expectation operator,

base of natural logarithm.
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The above claims are termed simple claims for two

reasons. First their value derives solely from the underlying

exogenously provided stochastic process of prices. Second,

the decision maker (i. e. the holder of the claim) cannot

influence the outcome of the payouts. This clearly is the

case for European options where the decision maker (holder)

cannot influence the outcome of the terminal payouts Q(S,T).

The call option is an example of a simple, static claim

(or derivative security) because its value depends solely on

a cash flow f(S,t) and the random quantity Q(S,T) received at

maturity.

Here the underlying source of uncertainty, set),

represents the stock price at time t. An European option

provides the owner with the right to buy the stock for a

fixed price X at time T. As such it represents a simple claim

with f(S,t)=O, that the holder receives prior to maturity and

the final random reward Q(S,T)=Max [S(T)-X,O] obtained at

time t=T.

Then (2.4) takes the following form for the value of the

European call option:

Q(S,T) = E { Max [S(T)-X,O] } -rT
e (2 .5)

sUbject to: underlying stochastic process of S,

where r is a discount rate chosen according to the risk of

the cash flow.

If individual preferences and aversions to risk are to

be explicitly modeled then equation (2.5) is replaced by an

expected utility functional form. This latter approach is

extremely difficult to implement since decision makers can

rarely capture their preferences to risk and reward over time

in functional form.
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Instead of using the above approach, contingent claims

are valued in arbitrage or equilibrium setting. If the

stochastic variable is observable an arbitrage setting may be

used, whereas if it is not observable an equilibrium setting

must be used. The theoretical difficulty of applying an

equilibrium setting is the requirement in computing the

so-called convenience yield, that must be introduced in the

model for the non-traded and thus non-observable claims.

2.2 Black-Scholes valuation

The most renowned contribution to valuation of the

derivative securities in an arbitrage setting was developed

by Black and Scholes in 1973, (Black and Scholes, 1973).

The Black and Scholes valuation approach consists of

establishing a risk-free equivalent portfolio with the same

portfolio return as the portfolio which we attempt to value.

From such set up a differential equation is derived. The

solution to the equation may be found for different claims

after supplying problem-specific boundary condition.

Consider the valuation of the claim V contingent on the

value of the observable variable S, a stock price. Suppose

that S follows a geometric Wiener process with constant

mean, ~ and constant variance, ~2.

dS = ~Sdt + ~Sdz (2.6)

other assumptions that are necessary to derive the

Black-Sholes differential equation are as follows:

1. The short selling of securities is permitted.

2. There are no transaction costs or taxes.
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3. All securities are perfectly divisible.

4. There are no dividends until termination.

5. There are no riskless arbitrage opportunities.

6. Underlying security trading is continuous.

7 • The risk-free rate is constant and the same for all

maturities.

Suppose that V is the price of a derivative security

contingent on S. The variable V must be some function of S

and t. Hence from applying Ito's Lemma:

CV av 1 a 2v av
dV = J,lS + 2 2) O'Sdw (2.7)+ - -- 0' S at+

as at 2 as2 as

The discrete versions of equations (2 . 6) and (2.7) are

equations (2.8) and ( 2 • 9) :

h.S = J,1Sh.t + O'Sh.w

av av 1 a 2v av
h.V = ( - J,lS + - + - -- O'2S2) h.t + - O'Sh.w

.as at 2 as2 as

(2.8)

(2 .9)

Since the Wiener processes underlying V and S are the same it

follows that by choosing a suitable portfolio of the stock

and the derivative security, the Wiener process can be

eliminated. Any portfolio can be described in the following

way: {Short one security

long another security

Consider the following portfolio:

-1:

+ av
as

derivative security

shares

The holder of this portfolio is short one derivative security
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and long an amount av/as of shares. Define IT as the value of

the portfolio. By definition:

IT -v + av S
as

(2 . 10)

The change ~IT in the value of the portfolio in time ~t is

given by:

~IT = -~v + av flS
as

Substituting equations

(2.11) yields:

(2.8) and (2.9)

(2 • 11)

into equation

(2 • 12)

Since this equation does not involve flw, the portfolio IT must

be riskless during time flt. The assumptions listed in the

preceding section imply that the portfolio must

instantaneously earn the same rate of return as other

short-term risk-free securities. If it earned more than this

return, arbitrageurs could make a riskless profit by shorting

the risk-free securities and using the proceeds to buy the

portfolio; if it earned less, they could make a riskless

profit by shorting the portfolio and buying risk-free

securities. It follows that:

~IT = rIT~t

where r is the risk-free interest rate . Substituting from

equations (2.10) and (2.12) this becomes:

so that:

(
.av )

r V - S flt
at

15
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av av 1 a2v

+ rS + - O'
2

S
2 = rV

at as 2 as2
(2 • 14 )

Equation (2 • 14) is the Black-Scholes differential

equation. It has many solutions, corresponding to all the

different derivative securities that can be defined with S as

the underlying variable. The particular derivative security

that is obtained when the equation is solved depends on the

boundary conditions that are used. These specify the values

of the derivative security at the boundaries of possible

values of Sand t. In the case of an European call option the

key boundary condition is:

Q(S,T) = max (S-X,O) f(S,t<T)=O

where:

X is the strike price of an option.

Looking at the derivation from a different point of

view we may say that the p.d.e. is derived by equating the

total return to the sum of expected capital gain and total

cash flow. The expected cash flow f(S,t<O) is equal o. The

expected capital gain is equal to equation (2.9). Since dW=O

and sUbstituting r for ~ we have:

av av 1 a2v

E(dV) = ( -- rS + + O'
2
S

2
) dt

as at 2 as2

The total return is equal rVdt and equal to the sum of

expected· cash flow and expected capital gain, thus

av av 1 a2v

rVdt = 0 + ( -- rS + -- + .- --- O'
2
S

2
) dt

as at 2 as2

and Black-Scholes equation is checked in the risk-neutral
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world.

at as 2 as2

For example an analytic solution for an European call option

is, Black-Scholes [1973]:

• •V = HS - B (2 • 15)
0 0

where:

S is a stock price at time t=o,
0

•H = N(d )
1

• Xe-rTN(d )B =
2

where:

d = [In (S IX) + (r + ~2/2}T]/~~
1 0

d = d -<T~
2 1

and N(.) is a cumulative probability of standard normal

distribution.

since the analytic solution to the Black Sholes equation

does not involve ~ or any parameters affected by the

risk-preferences, Cox and Ross [1976J argue that the riskless

hedge need not be created. In fact, any set of preferences

may be used in valuing the derivative security. In

particular, a risk-neutral world may be assumed. In this

world all assets earn the same expected rate of return: the

risk-free rate. Thus, the value of an option is simply the

value of an expected terminal value of an option discounted

at the risk-free rate. The risk-neutral argument was used to

17



develop a binomial option pricing method by Cox, Ross and

Rubinstein [1979J.

2.3 The binomial option pricing model

In order to illustrate the Binomial Option Pricing Model

developed by Cox-Ross-Rubinstein (so-called CRR model), we

start with the single-period binomial model and extend

analysis to mUltiperiod CRR model.

consider a stock currently priced at 8 . We assume that
o

at the end of the period, which coincides with the expiration

date, the stock price, 8 can either increase to s or
1 ' 11

decrease to s . The price movements can be represented as
10

follows:

8

0

<Sll=U80

s =b8
10 0

where u > b.

The current value of a call option with strike X is C .
o

At expiration the call value, C , will be c or c where:
1 11 10

c = max (s - X, 0 )
11 11

c = max ( s - X, 0 )
10 10

(2.16)

(2.17)

In addition, we assume that the riskless one-period

interest rate for borrowing and lending is r. We also denote

18



R=l+r.

To avoid arbitrage opportunities, we shall assume that

b<l+r<u. Clearly, if l+r exceeded u, an investment in the

riskless asset would dominate an investment in the risky

security. Conversely, if l+r was lower than b, no investor

would purchase the riskless asset.

The payoffs of a call option may be replicated by a

portfolio of bonds and stocks. Consider a portfolio

containing H shares of stock and a short position of B
o

dollars in the riskless asset (i.e. B dollars are borrowed).
o

The current value of the portfolio, IT is:
o

IT
o

HS - B
o 0

(2 • 18)

At the expiration date the portfolio value, IT can be either
1

IT = HS - RB (2.19)
11 11 0

or IT = HS - RB (2.20)
10 10 0

IT

<IT
11

IT
0

10

We shall select the number of shares H, and dollars

borrowed, B, such that the terminal values IT and IT are
o 11 10

exactly equal to the call values c and c . That is, we
11 10

require:

Hs - RB
11 0

Hs - RB
10 0

C
11

C
10

(2.21)

(2.22)

since there are two equations and two
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unique solution for Hand B can be obtained. The solution
o

is:

*H =

*and B =
o

(c - C )
11 10

(8
1 1

- 8
10

)

(C 8 - C 8 )
1 1 10 10 11

(8 - 8 )R
11 10

(2.23)

(2.24)

A portfolio containing H* shares partially financed by

borrowing B* dollars produces identical payoffs to the call
o

option at the expiration. Hence, to avoid riskless arbitrage

opportunities, the initial portfolio value must be equal to

the price of the call. That is, the value of the call is:

* *" •C = H 8 - B
o 0

(2.25)

* *The call pricing equation, C = H 8 - Ba, can be simplified
o 0 • • •

further. By substituting the value of Hand B Lnt;o the

equation, we obtain:

( c -c )
11 10

( s -s )
11 10

(c s -c s )
1 1 10 10 11

R(s -s )
11 10

] (2.26)

By rearranging the terms, we can express C in terms of its
o

future values c and c . That is:
11 10

R(s - s )
11 10

] c +
11

R (s -s )
11 10

(2.27)

Finally, we sUbstitute

expression to obtain:

s = b8 and s
10 0 11

20
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(R - b)
+ [

(u - R)
] C i 0 ) / Rc

= ( [ (u - b) ]
c

0 11
(u - b)

[Bc + (1 - B) c ]
11 10

R

(R - b)
where: B =

(u - b)

(2.28)

(2.29)

Thus, the call price can be viewed as the discounted

expected value of the terminal call price, where the

probability of an upward movement is given by B.

In order to develop n-period eRR model assume that the

time to expiration is broken down into n periods.

Figure 2.1: Binomial lattice

s<n,n

<8 2 2<::: 8

s <n, n-l

<11 •••

S <S21 • • • so S n, n-2

10 <...s S
20 •••<n , 1

S
n,O

After n periods the stock price S takes on one of the
n

values s for j = 0, 1, 2, n , Following Ritchken' s
n, j

notation [1987] the index j refers to the number of upward

price movements that have occurred over the previous n

periods. Since in each period the stock price increases by

factor u or decreases by factor b, we have:

s = u j bn - j
S (2.30)

nj 0

and

Pn j
P(S s .) (~) B j

(1 - B) n- j (2.31)
n nJ J
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for j 0, 1, ... n

where B is from equation (2.29). R-1 represent the interest

rate over a single time increment.

The value of the call for each state is known at

expiration. That is:

c . = Max(s . - x, 0) = Max(u j bn
-

j S - x, 0)
nJ nJ 0

(2.32)

Given the terminal option values, the option values in

period (n - 1) can be computed. Specifically, we have:

c = [Bc + (1 - B)c .]/R
1, j n, j+ 1 n, J

for j = 0, 1, 2, ••. n-1

(2.33)

This process can be repeated recursively throughout the

lattice until the fair value C is obtained.
o

As in the one-period model, the n-period call option

price can be written as the present value of the terminal

payout assuming a risk neutral economy. Thus:

C =o (2.34)

where R-1 is the one period risk free rate, and the

expectation is taken under the assumption that in each period

the probability of an upmove is the risk neutral probability

B.

The value of the expected call option is:

n

L c p.=
nj nJ

j=k
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k-l n

= L c . pnj + L c . p
j=O n j j=k n j nj

n

o + L (S .- X) P .
j = k n j n j

n

- X L (~) B j (1 - B) n- j

j=k J

(2.35)

Finally using equation (2.34), and rewriting the above

equation, we obtain:

.. ..
C HS - B (2.36)

0 0 0

where:
n..

= L (~) (uB) j B) ) n-j /RnH (b(l -
j=k J

n..
X L (~) B

j B) n- j /RnB = (1 -
0

j=k J

and R-b
B =

u-b

This equation is the n-period CCR model equation.

It may be proved that the limiting form of the binomial model

for the lattice partition infinitely , the solution converges

to the Black-Scholes European call option formula (2.15) (Cox

and Rubinstein, 1985).

We must choose appropriate parameters for u and b to

have the binomial process converge to the geometric Wiener

process. This can be accomplished by equating the first and

second moments of the continuous and discrete distributions.

Specifically the choice of u, band pis:
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<Tv'l:.t (2.37)u e

b -<Tv'l:.t (2.38)= e

p = (eJ.1Llt - b) j (u - b) (2.39)

For valuation purposes the probability p must be replaced by

the risk neutral probability, e as defined by (2.29), where R

is the one period rate that will depend on the width of the

t at a At t rl1t hpar 1 lon, II • Le R = e . Ten:

e = (er Llt - b)/(u - b) (2.40)

The limiting form of this process is a geometric Wiener

process of the form:

dSjS = rdt + <Tdw(t) (2.41)

The above process is called the risk neutralized stochastic

process. For valuation purposes we pretend that the

underlying stock has instantaneous mean r rather than /.1.

Equation (2.40) states that at time T, the risk neutralized

stock price has a lognormal distribution with mean S e r T
• The

o
value of the option on stock is C , where:

o

-rT
Co = Ee[Max(S(T) - X, O)]e (2.42)

when the expectation is taken with respect to the risk

neutralized process.

For our purposes, what is important to note is that when

the binomial lattice parameters u, band p are chosen as

indicated in equations (2.37), (2.38) and (2.39), then as I1t

becomes smaller and smaller the binomial option pricing model
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can be shown to converge to the Black-Sholes formula (2.15).

2.4 Optimal decision strategies and valuation

Most valuation problems are not simple, static claims.

The value often depends not only on cash flow f (S, t) and

final reward Q(S,T) but also on managerial control. In many

cases the value of an asset depends on the way it is

managed. Assuming that the asset is managed optimally, the

value of the asset is found by discounting cash flows at the

risk-free rate. This statement give an intuitive motivation

to solve stochastic control financial models under

assumption of a risk-neutral economy. Specifically Bellman's

principle of optimality may be used to solve such problems

if control is assumed to be constant. An application of

Bellman's principle of optimality is described in section

6.4.
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CHAPTER 3

Numerical approximation methods for valuing contingent

claims.

3.1 Numerical approximation methods

In most realistic situations, the contingent claims do

not have analytic solutions and must be solved using

numerical approximation methods.

The value of an option may be computed either as a

solution to partial differential equation (p.d.e.) or as a

discounted expectation. If the closed-form solution does not

exist then either the p.d.e. or the underlying stochastic

process can be approximated. Finite difference methods

approximate the resulting p.d.e. Lattice methods and Monte

Carlo simulation approximate the underlying stochastic

process. Other approximation techniques fall into a class

called analytic approximation methods. This class includes

analytic solutions to models that either duplicate or are

similar to the original models. This class includes

heuristic methods.

Any departures from the standard Black-Scholes

assumptions make solutions analytically intractable. The most

realistic extension is that the boundary condition applies at

every instant of time, not just at expiration; so the option

is American. The most researched American-style security, in

the context of the comparison of approximation methods, is

the American put, Parkinson [1977]. There is no closed-form

analytic solution for the American put because of the

so-called "free-boundary" problem. Merton [1973] says that

the American put may be exercised at any time and the
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boundary that triggers exercise is not constant. The p.d.e

applies only for s~s·, where s· is the critical stock price.

However since s· is some unknown function of time, therefore

solution is analytically intractable. Accounting for fixed

yield, discrete or other more complex payoffs may further

complicate the solution. The implications of complex payoffs

in applications of approximation methods are also examined.

Last part of this chapter considers some other extensions

such as assumptions of alternative or more than one

stochastic processes.

3.1.1 Finite difference methods

Finite difference methods approximate the solution of

resulting partial differential equation. The differential

equation is converted into a set of difference equations in

time-underlying security space. This space is bounded, so

that a finite number of equally-spaced interior points forms

a rectangular grid. For each interior point on the grid the

derivatives are approximated by either forward, backward or

other-type differences, Hull [1989].

To illustrate the approach, consider the Black-Scholes

differential equation for option valuation (2.14):

at as 2 as2

The time space is devided into N+1 equally spaced time:

t, t+At, t+2~t, ... , T where ~t = (T-t)jN

We define ~S = S j M and consider M+1 stock prices:
max

0, ~S, 2~S, ... , S
max
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This situation is represented by a grid consisting of a total

of (N+1) (M+l) points:

Figure 3.1: Grid for finite difference approach

stock price

Smax
~ .

I1S
~ .

2l1S

TTI1S I1t
0

t t+l1t T time

Two methods: explicit and implicit were originally

developed by Brennan and Schwartz [1977] and used to value

American put (Brennan and Schwartz, 1978). The explicit

method employs the backward time difference, whereas the

implicit method uses the forward time difference.

The forward difference approximation of an interior point

(i,j) on the grid av/as is:

as I1S

av
=

V
i, j+ 1

- V
ij

(3.1)

The backward difference approximation of an interior point

(i,j) on the grid av/as is:
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av

as

v -v
ij i,j-1

!1S
(3.2)

Implicit

Figure 3.2: Finite difference methods

j + 1 j

T T
!1t

i + 1

i _ 1 <::~~::::~::AS
j + 1 j

T T
!1t

Explicit

...............~

!1S...............~

i +1

i -1 >

In the explicit method, each unknown option price at

any node can be solved explicitly in terms of previous known

option price nodes, while in the implicit model a set of

simultaneous equations must be solved.

The solution is obtained iteratively. Boundary

conditions are used to move backwards in time space from

expiration to the present in small time steps. Finally, at

the starting time, M+l option values are evaluated, where M+l

is the number of possible stock prices. For the implicit

method this requires the solution of M simultaneous equations

at each discrete time point. This involves a time-consuming

matrix inversion. The explicit method is more efficient since

only three equations must be solved at each step. Also, the

explicit method is easier conceptually and it requires fewer

specifications of boundary conditions. Both implicit and

explicit methods can easily accommodate dividend payments.
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3.1.2 Lattice methods

Lattice methods, discretely approximate the underlying

stochastic process and solve for the value of the derivative

security by using backward recursion . The most popular is

the Binomial method, developed by Cox, Ross and RUbinstein

[1979]. This method has strong intuitive appeal, as the

continuous process is replaced by discrete up and down jumps.

The amplitude of upward and downward jumps and probabilities

is computed by equating first and second moments of

continuous and discrete distributions. In the limit, the

discrete jump process converges to the lognormal process.

The jump amplitudes are used to compute the values of

the underlying security at each node of tree starting from

the initial value. Then, a backward recursion in time enables

to move from the boundary condition back to the initial

point. Using the jump probabilities, the value of an option

is computed as the expected value, discounted at risk-free

rate of interest.

The binomial method can be easily accommodated to value

American-style securities and discrete dividends. The

adjustment for discrete dividends may, however,

substantially diminish the efficiency of this method. Since

the binomial method does not account for the probability of

horizontal movement, therefore trinomial approximations were

suggested. Boyle [1988], and later Omberg [1988] and Kamrad

[1990] developed trinomial models, which may generalize to

multinomial models. The trinomial models converge are faster

and more accurate than the binomial model. On the other

hand, they do not provide a bond-stock hedge ratio.

Trigeoris [1991] proposed a computational improvement of

binomial method through a lognormal transformation of

variables.
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3.1.3 Monte Carlo simulation

Monte Carlo simulation, introduced by Boyle [1977],

simulates the underlying stochastic process to generate a

large sample of terminal values of the derivative security.

The value of the option is computed as the expected terminal

value, discounted at risk-free rate.

f = E· [f e-r(T-t>]
t t

(3.4)

where: •E

r

T

risk free expected value

average risk free interest rate

expiration time, t~T

Figure 3.3: Monte Carlo simulation

r
J,

~s = gS~t + ~sc~
J,
e ~ N(O,1)
J,

lilt T

Though the simulation can accommodate complex payoff

conditions, it cannot handle American-style securities.

Since the possibility of exercise may occur at any time

prior to expiration, the process would have to be sampled

from a lognormal distribution at each time step. On the

other hand, the Monte Carlo simulation can value

history-dependent claims. Neither the lattice nor the finite

difference methods cannot efficiently value such

path-dependent claims since at each time step the value of

the derivative security depends only on the current state of

the underlying variable, not on their past history.

Ritchken, Sankarasubramanian and Vijh [1990] point out that

the valuation of path dependent options is computationally
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feasible for the lattice approach only if "the number of

generated statistics along paths do not grow exponentially".

3.2 Computational considerations of numerical approximation

methods

Besides recognition of the classes of problems to which

the approximation methods can be applied, important issues

relate to computational considerations such as: efficiency,

accuracy, stability and convergence. The trade-off between

efficiency and accuracy may be expressed in terms of

relative efficiency. The relative efficiency, later called

efficiency, is the ratio of efficiency to a specified level

of accuracy.

3.2.1 Monte Carlo simulation

The accuracy of Monte Carlo simulation depends on N, the

number of simulation paths. Increase in the accuracy is

proportional to the square root of l/N, Geske and Shastri

[1985]. To enhance the accuracy without deteriorating the

efficiency Hull and White [1988] suggest the use of

antithetic variable technique to reduce variance. This

technique requires to run two simulations in parallel. The

first simulation uses x random number stream and the second

uses -x random number stream from the standard normal

distribution. The final estimate is the average of the two

estimates from the two simulations. Boyle [1977] proposes the

use of another variance reduction technique in Monte Carlo

simulation - the control variate technique. This technique

employs two highly correlated securities, A and B. The

analytic value of the security A is known, and the estimate

of security B must be computed. Two simulation runs are run

in parallel using the same random number streams. The final
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estimate of B is reduced by the difference between the

estimated and the true value of the security A.

3.2.2 Lattice and finite difference methods

If V in equation (2 .1 4) is an exact solution and
1 J

V(i~S,j~t) is an approximation, then the approximation error

is termed e = V.. - V.. , at the point S = i~S, t = j~t,
IJ IJ IJ

i=O, ... ,n, j=o, ... ,m. If the errors at each stage of the

approximation grow, then the technique is not stable.

Alternatively, if the errors become smaller and smaller at

each step, then the approximation converges. The

approximation can be evaluated by the examination of the

error behavior e when ~S ~ 0 and 8t ~ 0 ie. as the mesh
i j

is refined.

Both explicit and implicit methods converge (Geske and

Shastri, 1985). In fact the error is of order ~t and (88)2 as

~8 ~ 0 and Llt ~ o. These methods are stable if the

following condition on the mesh ratio R - ~t/~82 is

satisfied:

o < R - ~t ~ 1 __1__

(8S)2 2 (1-2B)

t I t l If 1no res rlC lons 1 ~ B ~ 1
2

if 0 ~ B < 1
2

The most common choices for Bare 0, 1/2 or 1.

American-style securities are used more often to test

various approximation methods than the European-style

options. Among them the most popular is the American put. A

much smaller part of recent literature is devoted to the

American call option with dividends. Geske and Shastri [1985]

compare finite difference and binomial methods on the

examples of American calls and puts on stocks with and
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without dividends. They argue that the binomial method is the

most efficient method for valuing simple American options

without dividends. The binomial method converges to the true

Black-Scholes value without truncation error, while finite

difference methods usually do not. The logarithmically

transformed explicit method introduced by Brennan and

Schwartz [1978] is the second fastest, but often is not

stable. The convergence of explicit methods is also worse

than that of the implicit methods. However, the implicit

method is slower due to the previously mentioned matrix

inversion.

The explicit method is the only method that may not

converge if the time step size is too large. Hull and White

[1990] develop an approach that ensures convergence of the

explicit method. Their procedure involves both a logarithmic

transformation and a development of a new trinomial lattice.

The jumps are redirected to some other nodes than the usual

three nodes: up, down and middle. For example just before a

dividend payout the process is redirected downward, and after

the dividend is paid it returns to the previous level on the

lattice. Thus the jump probabilities always remain positive.

Similarly, the problem with convergence caused by the

occurrence of negative jump probabilities was observed by

Boyle [1988] in his Trinomial lattice model. He introduces a

constraint on a stretch parameter that assures

non-negativity. Kamrad [1990] also develops a trinomial

lattice that assures non-negative jump probabilities.

The efficiency of the binomial method is reduced by

adjusting for the discrete dividends because the lattice is

no longer coincident. The number of nodes doubles at each

payment, since the up and down movements do not meet anymore.

For just one dividend payoff, for each additional time step

the number of stock prices increases by 2(n+1), where n is

the number of the time step. The efficiency of the finite
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difference methods is only slightly reduced after including

the dividends. For the logarithmically transformed methods,

the grid must be transformed back and forth between the

logarithm of the stock price and the stock price. The

explicit logarithmically transformed method, however, still

dominates other finite difference methods. Also, all finite

difference methods are more efficient than the binomial

method for options with discrete dividends.

Geske and Shastri [1985] indicate that the finite

difference methods are computationally more attractive for

valuing mUltiple options. Because the binomial is the

"initial value problem", the lattice must be developed

separately for valuing each ·option. For options without

dividends, the finite difference methods become more

efficient than the binomial method when only 10 American puts

or 300 American calls are valued. sick [1989] notes that

there is a simple way to improve the efficiency of the

binomial method in valuing mUltiple options. He argues that

there is no need to construct a separate binomial tree for

each option. The same thing can be accomplished by adding a

few more time periods at the start of the option tree.

The use of control variate technique is advocated by

Hull and White in conjunction with the binomial method. The

efficiency of the binomial method improves about tenfold if

the control variate is used.. For valuation of the American

put the binomial method becomes as efficient as the Geske and

Johnson [1984] method.

3.2.3 Analytic approximation methods

Although Geske and Johnson's method for valuing American

put is as efficient as the binomial method with control

variate, it is conceptually more difficult than the binomial.
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This conceptual diff iculty reduces its usefulness in

implementation. This is a drawback of many other analytic

approximations. Geske and Johnson's method, however, is the

only approximation of the American put that can be made

arbitrarily accurate. Geske and Johnson evaluate the American

put at discrete times as an infinite series of conditional

exercise terms. Each exercise decision is considered a

discrete event and thus the free-boundary condition is

applied at a finite number of time points. In the limit, as

the number of those time points is infinite, their model

satisfies the Black-Scholes differential equation exactly.

Thus, the solution can be made arbitrarily accurate by

increasing the number of discrete exercise points. other

methods are usually compared against Geske and Johnson's

method with three exercise points.

An important class of analytic approximations is based

on a decomposition of an option. For example, MacMillan

[1986] decomposes the American put into two parts: the

European put and the exercise premium. He observes that the

partial differential equation also applies to the early

exercise premium. This p.d.e. has less boundary conditions.

One boundary condition is eliminated by observing that the

American and European put have equal values at expiration.

Thus the value of the exercise premium at expiration has a

known value: zero. The quadratic roots which are functions of

critical stock price s· can be obtained as a solution to the

resulting p.d.e. Barone-Adesi and Whaley [1987J follow

MacMillan's approach and devise an efficient algorithm to.. .
compute S. The1r method 1S less accurate but faster than

Geske and Johnson's and Omberg's [1987] methods.

Omberg's method involves the assumption of a particular

exercise policy. Omberg [1987] evaluates the American put for

an exponential exercise policy. He develops an algorithm to

find the parameters of exercise policy function.
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Faster than Omberg's but slower than Barone-Adesi and

Whaley's is the heuristic method of Johnson [1983]. Johnson's

method involves a construction of tighter bounds on the

option price. Then the American put is valued as some

weighted average of two European put prices. Blomeyer [1986]

extends Johnson's method by accounting for dividends.

Johnson's method though fast is not very accurate for some

parameters ranges.

In conclusion the best approximation applied to the

American put are the methods of Barone-Adesi and Whaley,

Omberg and binomial with control variate. If a high level of

accuracy is however needed, then the method of Geske and

Johnson would be recommended. Each of those method can be

adjusted for discrete dividends. In this case the binomial

method would loose in its efficiency relatively more than

other methods. Also the trinomial methods should be

considered as they converge faster than the binomial method.

However the Trinomial methods do not provide hedge ratios

and were not used in conjunction with the control variate

technique.

In valuing the American call with discrete dividends,

the approximation methods of Geske [1979] and Roll [1977] are

probably superior to Lattice and Finite Difference methods;

though no computational comparisons of those methods could be

found in the reviewed literature.

3.2.4 Comparison of some option valuation techniques

There is a lot of alternative option valuation

techniques. The choice of the appropriate one is closely

linked to the type of problem that we want to solve. The

author compared the accuracy and efficiency of the binomial,
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= 50

4 5i 50i 55

= 10%

= 0.2

= 6 months

explicit and implicit techniques

options (Wojciechowski P. 1989).

following parameters:

S stock price

X exercise price

r annual risk free rate

~ standard deviation

t expiration time

Table 3.1: Call option values

for valuing American call

Tests were run using the

Solution methods

Exercise Black-Scholes Binomial Explicit Implicitprice

45 7.64 7.64 7.66 7.66

50 4.13 4.13 4.14 4.14

55 1.87 1.87 1.87 1.87

The binomial method has no truncation error when its

solution is compared to the analytic Black-Sholes solution,

while the finite difference methods have a small truncation

error. The binomial method is also the least expensive, uses

the least CPU time.

Based on literature survey and tests results the

binomial solution method was chosen in this dissertation. In

fact this method converges, is accurate, and is conceptually

quite simple.

3.3 Extensions of numerical methods for alternative

stochastic processes

Besides the lognormal pure diffusion process, some
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other underlying processes such as pure jump or

diffusion-jump process may be assumed. The arbitrage and

risk-neutral arguments still could be applied and thus the

discussed numerical methods can be adjusted. Monte Carlo and

lattice methods can be used directly for jump models. For

the Monte Carlo simulation, the sample must be drawn from

Poisson distribution instead of Normal distribution. For the

binomial, the limits must be taken so that the binomial

distribution converges to Poisson rather than Normal. This

results in different values of jump amplitudes and

probabilities (Cox and Ross 1976). Unfortunately by assuming

an alternative stochastic process the lattice may not be

coincident anymore. This results in increased computational

complexity as the number of nodes doubles at each step. This

is true, for example, for the Constant Elasticity of

Variance model. Nelson and Ramaswamy [1990] remedy this

problem by providing conditions for the lattice to

recombine. If Finite Difference methods are used for those

alternative stochastic processes, partial differential

equations must be derived and approximated by finite

differences.

3.4 Extensions of numerical methods for alternative

stochastic multi-variable models

The multi-variable extension assumes two or more

underlying sources of uncertainty. Monte Carlo valuation

method is well-suited for valuing multidimensional models.

Hull and White [1988] notes that for the Monte Carlo method

the computation time increases linearly with the number of

variables. For other methods, this time increases

exponentially. The use of the Monte Carlo simulation is

advantageous if some of the assumptions of the Black-Scholes

framework do not hold. For example the interest rate or the

volatility may be assumed stochastic (Hull and White 1987).
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Johnson and Shanno [1987], for example, use the Monte Carlo

simulation to price the option when variance follows a pure

diffusion process. Also Johnson [1987] uses this method for

valuing options on the maximum or minimum of several assets.

Lattice approach also can be applied to multivariable

models. Boyle [1988] shows how to extend the binomial model

to two state variables. Assuming a joint mUltivariate

distribution, he converts the trinomial process to a

five-jump process. He computes the jump probabilities by

equating the means, variances and covariances of the

continuous and approximate process. since these probabilities

may be negative, Boyle introduces a constraint on a stretch

parameter. Boyle, Evnine and Gibbs [1989] provide a remedy

for this problem by introducing a four-jump model. Kamrad

[1990] also overcomes the problem of negative probabilities

in his five-jump model. Some applications of the

multivariable Lattice method are the valuation of the option

on the maximum and minimum of several assets Boyle, [1988],

and the quality option in Futures contracts (Boyle 1989).

The Finite Difference also applies to valuing

multidimensional claims. Brennan and Schwartz [1977] consider

the use of finite differences to value discount bonds that

depend on two sources of variability: short and long term

interest rate. The resulting p.d.e. has two preference

dependent parameters. One of them, a risk-premium for the

long-term rate can be eliminated, since it is a function of

an observable price of the consol bond. However, the solution

to the p.d.e. still depends on the value of the market price

of risk of the short-term interest rate that must be

exogenously determined.
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CHAPTER 4

Management contracts and management buy-outs schemes in

Polish privatization

4.1 Introduction to management buy-outs

The privatization process usually involves several

types and variations of management buy-outs (MBO), or

employee buy-outs (EBO) and several varieties of thereof. All

of these are sometimes called MEBOs or management and

employee buy-outs. A basic classifications of the MEBO's is

provided in table 4.1, EBRD Technical Note [1993].

The main feature of buy-outs is the transfer of

ownership of a company to a new legal entity in which

managers and employees are significant if not majority

shareholders. There are several types of buy-outs in

privatization that could be classified according to:

1. whether the ownership may be taken by insiders or

outsiders of the company,

2. portion of assets that is bought by the

management/employee group in comparison to number of shares

remain in state control,

3 • whether assets are bought, leased or leased with an

option to buy.
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\f-'\
Table 4.1: Management and employee nyu-outs

MANAGEMENT/EMPLOYEE

OWNERSHIP

.:
FROM INSIDE

/ I ~
MANAGERS MANAGERS/ EMPLOYEES

ONLY EMPLOYEES WITH

/ -. WITH MINORITY MAJORITY

SENIOR WIDER STAKE STAKE

~/ I I
MANAGEMENT MANAGEMENT EMPLOYEE

BUY - 0 UT AND EMPLOYEE BUY-OUT
(MB 0) BUY-OUT (EBO)

(MEBO)

FROM OUTSIDE

I
INDIVIDUAL

ENTREPRENEURS

MANAGEMENT BUY-IN
(MB I )

INTE RNA L

MANA GEM ENT /

SELL ERR ETA INS

STAKE

.:
INTERNAL

MANAGEMENT

OWN BUSINESS/

LEASE ASSETS

FROM INSIDE AND OUTSIDE

I I
INTERNAL EXTERNAL

MANAGEMENT GROUP/

EXTERNAL INTERNAL

INDIVIDUAL/INV MANAGEMENT

FOUNDS

EXTERNAL

I N DI VIDUALS/

INTERNAL

MA NEGEMENT

PARTIAL

BUY- 0 UT

Explanation:

LEASE

BUY-OUT

VOUCHER

BUY-OUT

JOIN

BUY-OUT

BUY - I N/ BUY-OUT

( BI MBO)

A management buy-out (MBO) involves a group of managers

obtaining a majority of the equity of the company in which

they are employed.

A management and employee buy-out (MEBO) involves

management leading transactions where the opportunity to

participate in equity ownership is extended to employees.
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An employee buy-out (EBO) involves the body of employees

obtaining a majority of the equity of the company in which

they are employed. EBOs may be more often known as ESOPs.

A management buy-in (MBI)

owner-managers acquire the company.

occurs when outside

A partial buy-out occurs when the seller retains a

significant portion of the equity.

A lease buy-out occurs when there is a lease agreement

with an option to buy.

A voucher buy-out involves not only the participation

of management and employees but also the wider pUblic in the

ownership of the privatized company.

A join buy-out involves management employed in the

company and an external industrial partner.

A buy-in / buy-out (BIBO) involves management employed

in the company and external specialists.

A considerable privatization experience has shown in

Central and Eastern European countries that management

buyout schemes have been considered as intermediary stages

in the privatization process. Due to the lack of the

immediate "real" owners for the state-owned enterprises

(SOEs) in relatively short period of time, the governments

enacted legislations that enabled the rapid growth of

diverse types of MEBO's.

Though MEBO's are considered less efficient

privatization than MBO' s, the regional privatization

experience has shown that privatization had to be conducted
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with a support from the employees, thus letting workers

acquire a substantial equity. This was especially true in

the privatization of small- and medium-sized SOEs, in which

the management and employees would first become active

owners. If they could turn the company around and make it

profitable then they could find enough financial incentives

to find a "real" owner.

4.2 Management Buy-Outs in Polish privatization

Poland was the first of former socialist countries from

Central and Eastern Europe to embark on privatization

process. Though capital privatization process has been

regarded as a main privatization method in the privatization

law, Law on Privatization of state-Owned Enterprises [1990],

the so-called "Privatizatization through Liquidation" (PtL)

shortly became a dominant privatization method. By the end

of 1993, there was almost 100 capital privatizations and

about 1000 PtL privatizations. In 1991 a new approach to

capital privatization was introduced by Stankiewicz and

Jermakowicz called "Privatization through Restructuring" to

satisfy management interest in privatization process. PtR

led to the pilot privatization of 11 SOEs in 1992. In

addition several capital privatization transactions that

involve the management as an "active" buyer were also

closed.

The PtL approach remained a dominant privatization

method in the first years of the transformation of the Polish

economy. According to this approach management and employees

may purchase or lease assets of small- and medium-size

enterprises. The process of privatization is initiated by the

management and employees' council and takes four steps.

First, the management prepares a preprivatization analysis,

underlying the company's economic and financial position and
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its chances in the future. Second, the management sUbmits a

formal motion to the company's founding body: a

representative of the Treasury. Third, at a general meeting

of employees the privatization strategy and the founding

body's opinion are discussed. Once all concerned parties have

agreed on the strategy to be adopted, the last step can be

proceeded. Fourth, the management and the employees' council

submit to the Minister of Privatization a request for

privatization through liquidation.

The most popular strategy adopted for privatization

through liquidation is the management/employee buy-out

(MEBO), also known as "Polish leasing" (Law on Privatization

of State-Owned Enterprises, 1990). According to the leasing

agreement, the founding body gives to the lessee the right

t;o use the company for a specific length of time in return

for a payment. After fulfillment of the leasing terms, the

lessor has to transfer the title of the property to the

lessee. The contract is valid for a specific length of time,

but no longer than ten years. The majority of the liquidated

company's employees should be employed by the leasing

company and only natural persons can be shareholders unless

the Minister of Privatization decides otherwise. The amount

of share capital must be at least 20 percent of the agreed

value of the company. The financial aspects of leasing

agreements are based on Ministry of Finance regulations. The

lessee has two financial obligations: a capital installment

and a fee.

The capital installment is determined by the Minister

of Privatization according to the market price of the

company. Because the lessee is also taking the company's

liabilities, the transaction price must also take into

account the value of these liabilities. The fee for lease

contracts is three-quarters of the interest rate on

refinance credit that the National Bank of Poland offers,
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but is not higher than 30 percent. The lessee may pay the

fee in three parts: one-third the first year, one-half the

second year and the rest the third year.

The entire payment is regarded as capital cost,

therefore the tax base is automatically lowered. In the case

of elements of the leased property subject to amortization,

the fixed capital taken over by the lessee undergoes

amortization according to a rate based on the length of the

lease. The property taken over is drawn into the company's

balance sheet. The company reduces its long-term liabilities

to the Treasury on payments of the capital installments.

4.3 Management compensation schemes in management and

employee buy-outs

Management compensation schemes constitute an important

element in MEBO's. It has been theoretically proven

(Leibenstein, 1987) that there is a positive relationship

between the effort contributed by the management and the

equity acquired or controlled by the management.

Considerable empirical experience has also demonstrated

fundamental problems that may result from the so-called

"separation of ownership and control". Such symptoms

occurred in large corporations in which there was neither

direct "ownership" control over the management nor schemes

in which management could acquire the ownership. To remedy

this situation in the united States the so-called "going

private" movement spur great number of MBO's or LBO's

(Leverage Buyouts). The western experience in this field is

quite useful in assessing the proper compensation scheme for

management buyouts. Such schemes usually take the form of

the management contract or other types of legal owner

principal (owner) - manager contract.
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If the firm does not have an owner or the owner does

not exercise its ownership responsibilities, as it is the

case of the SOEs and sometimes in large western

corporations, then the management and employees would act on

behalf of the owner. They act as agent on behalf and in the

name of the owner. Their actions are almost always

imperfectly monitored thus providing great incentives to

both management and employees to pursue their own interests.

Such actions contribute to negative externalities that imply

lower efficiency.

Fundamentally there are two main strategies to

eliminate such negative externalities (Ellerman, 1993). One

of them is to increase the owner's monitoring and exercising

its ownership rights. The second approach is to internalize

costs by unifying the agent and the principal. The agent

that becomes an inside owner of the company would be

predisposed to act in principal, thus in its own interest.

4.4. Management contract model

The Ministry of Privatization introduced a pilot

privatization method called Privatization through

Restructuring in 1991. The method addresses the needs of

medium- and small-size enterprises that cannot be privatized

in the -immediate future, but can be privatized after

undergoing short-term restructuring. The restructuring

leading to privatization is carried out by management

groups, chosen through a bidding process (Jermakowicz and

Stankiewicz, 1991).

The potential management groups develop restructuring

plans based on business profiles of the company, prepared in

advance by independent consulting groups. The proposed plans

should include operational, organizational and financial
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restructuring together with the privatization approach. The

financial part of the proposal is a quotation of the

so-called initial value of the company. Through tender

procedures, that emphasizes restructuring plans, the

management group, that proposes the best restructuring

program and offers the highest bid for the initial value of

the firm, is invited for final negotiations leading to

contract signature.

The state Treasury represented by the Ministry of

Privatization and the selected management group sign the

management contract for a period of two years. During t~at

period the management group is responsible for managing,

restructuring and privatizing the company.

The main objective of the contract is privatization of

the company that should be completed in two years, or

earlier. The company is considered privatized if at least 51

percent of its equity is sold to private investors,

including shares sold to company employees. The contract may

be extended upon agreement between the Ministry of

Privatization and the management group.

The initial value of the company accepted by the

Ministry of Privatization is a result of tender procedures.

This value constitutes the new company's adjusted equity. The

adjusted initial value is the initial value modified to take

into consideration the inflation rate. This is important in

Poland, where inflation is high. A deterministic example at

the end of this chapter illustrates how to adjust for

inflation.

The assignment may start after contribution of a

capital deposit representing a fraction of the initial

(tendered) value of an enterprise. The deposit does not

exceed 5 percent of that value and decreases as the initial
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the contract the

shares. In fact

receives a fixed

proportion as the

initial value of

value increases. The management group is obliged to deposit

the sum in the company's account during fourteen days after

the contract signature. The company's adjusted equity, that

equals to the initial value, is increased by the capital

deposit.

The purpose of the deposit is to serve as an investment

to finance the restructuring; and as a security deposit on

the assets entrusted to the management group.

After a successful completion of

deposit is regarded as a prepayment for

after privatization the management group

percent of the company shares, in the same

proportion of the capital deposit to the

the company.

If the contract is not successfully completed the

deposit is a security deposit. If the management group

terminates the contract before the privatization it receives

only the initial capital deposit (not adjusted for

inflation). In case of bankruptcy or legal suit proving that

the management group operated to the detriment of the

company the deposit is sUbject to forfeiture. If the

Ministry of Privatization terminates the contract without

reasons the management group receives the deposit back with

refinancing credit interests.

The capital deposit serves also as the basis for

calcUlating some components of the compensation for the

management group. The management contract offers an

attractive compensation scheme to the management group.

There are four main sources of compensation for the

management.

First, the management group receives a monthly salary
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based on the existing remuneration scale in Poland. The

salary is a multiple of the average salary in the company,

but can not be higher than seven average salaries for one

executive board member.

Second, the management may gradually withdraw its

initial deposit from net annual profits in the form of

annual fee. The amount of the annual fee is 5 percent of net

annual profits, but the total value of annual fees can not

be higher than the adjusted value of the initial deposit.

Third, the capital deposit is a prepayment for shares,

therefore the management group will receive a fraction of

the total number of shares after privatization corresponding

to the fraction of initial value that was invested in the

form of deposit. For example if the amount of deposit

invested was 5 percent of the initial value, the management

group will receive 5 percent of shares after privatization

of the company. The value of the shares received follows the

enterprise's sale price. The sale price is defined as the

value of 100 percent of shares on the date of sale. If the

sale price is greater (or lower) than the adjusted initial

value, the value of shares received by the management is

greater (or lower) than the adjusted value of the deposit.

Fourth, the management receives a commission for

privatization of the company. In fact the management group is

entitled to buy.for a symbolic 1 zloty, the company shares of

a value equal to 70 percent of the difference between the

sale price and the adjusted initial value times the

percentage of equity sold. The difference between the sale

price and the adjusted initial value of the company is the

real increase of the value of the company. Therefore the

value of the management's commission for privatization is 70

percent of the real increase in the value of the company

times the percentage of equity sold. For example if 55% of
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equity are sold during the privatization, the management

commission equals:

70% * 55% * ( sale_price - adjusted_initial_value )

The objective of the compensation scheme is to

encourage the management group to increase the value of the

company. As private ownership is the best motivation for

profitable performance, the participation in shares'

ownership and the commission for privatization were designed

to be a powerful ownership motivation.

In fact monthly salaries do not depend on management

performance therefore they are not a real motivation.

Annual fees depend on net annual profits and motivate

the management to increase net annual profits. But this

motivation is constrained because the total value of annual

fees is limited to the adjusted value of the deposit.

The management group participates in the ownership of

the company, because its capital investment is a

proportional prepayment for shares received at

privatization. Therefore it is in the management group

interest to sell the company at a high price. Thus the

company benefits through the higher increase of the capital

value of the company.

The above compensation scheme emphasizes private

ownership motivation. This mechanism motivate restructuring

as a prelude to privatization, therefore manager's interests

are aligned with the interests of the investor and the state

Treasury who own most of the shares.

A deterministic example, developed by the Department of
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Privatization through Restructuring, illustrates the

compensation scheme of the management contract. The example

shows the ownership structure of the privatized company, thus

includes only two components of the scheme: commission for

privatization and return of initial deposit. The example

shows also how to include the inflation rate into a model.

A deterministic example of management contract compensation

Initial value of the company:

Market value of the company (at privatization):

Amount of shares sold to investors:

Inflation rate in year 1:

Inflation rate in year 2:

Calculation:

Management deposit (5% of Initial Value):

= 5%*20,000

Value of equity sold to investors:

= 60%*55,000

Adjusted tender value after year 1:

= 20,000*{1.25)

Adjusted tender value after year 2:

25,000*{1.20)

Capital gain realized on sale:

= 55,000-30,000

Management group commission for privatization:

= 70%*60%*25,000

state Treasury part of capital gain:

= 30%*60%*25,000

Management commission in exchange for deposit:

= 5%*55,000
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= 20,000

= 55,000

= 60%

= 25%

= 20%

= 1,000

= 33,000

= 25,000

30,000

= 25,000

= 10,500

4,500

2,750



The ownership structure, after privatization, will be:

Shareholder Market Value of Shares Percentage

Investor:

Management group:

33,000 60 ~o

- commission 10,500 19.1%

- exchange for deposit

State Treasury:

2,750 5 ~o

- part of capital gain

- unsold shares

4,500

4,250

8.2%

7.7%

Total: 55,000
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CHAPTER 5

Management contract models

5.1 Simple static claim models

Following valuation methodology elaborated in Chapter 2,

the value of a firm may be valued as expected stream of

discounted cash flows, i. e. the value of the firm is:

} (5. 1)

subject to:

underlying stochastic process for set)

and boundary condition for Q

The value of the firm under a management contract may be

altered depending on the design of the management

compensation scheme. Contingent Claim Analysis valuation

methodology helps evaluate the design of the scheme and value

both the firm and the management compensation.

As discussed in the previous chapter the management

contract compensation scheme involves 4 components of

compensations. The initial deposit which is an outflow is not

counted. These components are as follows:

1. monthly salary

2. annual bonuses paid from net profits

3. commission for privatization

4. return of the deposit upon privatization

The

constant

first component

and therefore for

monthly salary is a fixed

the sake of clarity may be
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omitted. This element may be easily incorporated in what we

model.

The second component annual bonuses paid from net

profits - are withdraws from cash flow of the company. The

bonuses mayor may not be constrained. Since these are

withdraws from the net profits of the firm their influence on

the value of the company is not straightforward. At first

glance, however, it is evident that the larger the withdraws

the lower the value of the firm. Thus the constraint put on

such withdrawals should reduce the risk of management not

acting in shareholder's interest.

The third component - the commission for privatization 

has been recognized as a call option of either European or

American type.

The fourth component - the return of deposit - is an

indicator variable and may be omitted since it creates

another layer of unnecessary complexity. The return of the

deposit may be, however, easily incorporated into the model.

Though the last two components ought to be paid in

shares, in practice they are paid in cash, due to the legal

limitations of the Polish privatization law. The valuation

context rests on the assumptions of the contingent claim

analysis, in particular on the Black-Sholes model assumptions

and the concept of risk-neutrality. Though some of these

assumptions would not be satisfied, a close validation of the

model does not constitute the main research objective. Main

interest is rather devoted to an analysis of the design of

management contract compensation scheme. For this purpose

several additional assumption are incorporated in the model:

1. The expected value of the corporation, V(O) net of

management expenses is different than the initial value of
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the company established through a tender. Vi is the bid of

the i t h bidder. The initial value of the company is

established through the tender, i.e.

1 2 (3_Max { V, V, .... V } - X (5.2)

where X is the highest bid of (3 bids of competing management

groups. The management group that offers the highest bid

signs the management contract and deposits a fixed percentage

m of X. Obviously V(O) may be equal to X by chance only.

2. Usually the length of the contract is set to T=2 years,

however the length of the contract may be either:

terminated earlier upon satisfactory completion or

extended beyond two year period.

For the sake of modeling simplicity we assume that contract

is signed for L 2 years and the firm is valued in finite

horizon period T ~ L.

3. To simplify the model we also assume no residual value

at time T.

4. The management group withdraws its annual bonuses from

the net profits for consumption purposes. Therefore these

funds mayor may not be reinvested back into the company.

Because this decision rests at the discretion of the manager

and there is no incentives for the manager to limit its

"consumption". Therefore it may be easily proven that he will

withdraw the maximum amount that is m of net profit in each

year.

5. The primary variable set) is the cash flow that follows

an arithmetic Wiener process, with constant mean g and

volatility (J.

In the following set) is the underlying stochastic variable
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and the expectation is taken over the density function of

S (t) .

6. Moreover integrals in formulas are discretized and

represented in the form of appropriate sums.

Model 1 (no management contract)

The simplest model excludes the variable components of

the compensation scheme. The value of the firm is simply a

sum of discounted cash flows.

since f(S,t) = S(t) and Q(S,T)

simple model reduces to:

Model 2 (with management fee)

o in the general model, the

(5.3)

The management is entitled to the management fee equal

to m% of the annual net profit.

Though cash flow is different than net profit, we assume

for the models with "no managerial control" that these values

are equivalent, thus management fee is equal to mS(k), where

S(k) is the cash flow at discrete times for t=k where k=l or

2. In this model the management fee is unconstrained.

(5.4)

where t ~ k = { 1,2 years} since the management fee is paid

out discretely at the end of year 1 and 2 only.
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Model 3 (with constrained management fee)

(5.5)

subject to: 8(1) + 8(2) ~ m X (5.6)

where t ~ k = { 1,2 years}

X is the initial value of the company

Model 4 (with call option)

The management is entitled to the call option C(V,L). In

the management contract C (V, L) is defined as a commission

(reward) for selling at least 51% of the stock of the company

received at the end of year 2, i.e. at t=L=2.

In general setting we have, C(V,L) = max [V(L) - Xi 0] is an

European call option on the capital value of the firm.

L = 2 ~ T

In the considered case the option is exercised after 2 years.

Hence the Model 4 is formulated as:

(5.8)
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Model 5 (with unconstrained management fee and call option)

This is a combination of models 2 and 4.

(5.9)

where k = { 1, 2 years }

L 2 .s T

Model 6 (with constrained management fee and call option)

This is a combination of models 3 and 4.

(5.10)

sUbject to: 8(1) + 8(2) ~ m X

where k = 1,2 years

L = 2 ~ T

5.2 Dynamic claim models

All of the above models can be valued as simple static

claims because management has no control over the value of

the company by controlling such parameters of the model as

drift or variance rate of underlying cash flow process.

In practice however the manager may control these

parameters thus control the value of the firm. The manager

may control net profit of the firm, thus cash flow directly

by taking several actions. Such actions may include for

example changing financial leverage, changing technology or

production level. Such actions mayor may not be in the

59



shareholders interests. The shareholders of the firm have an

objective of maximizing the value of the firm, while the

management in taking actions to maximize its compensation.

Model 7

Model 7 attempts to model dynamic claim in which the

management decision is relevant to the resulting value of the

firm.

Suppose that, as it is usually in practice, management

has control over the size of net profit pet) thus the

equation (5.1) will be maximized over possible values of the

control variable P.

(5.11)

sUbject to: dS = q pet) dt + ~ dz

where pet) is the net profit in time t

q is a constant

p is the set of accessible control

values over pet)
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CHAPTER 6

Simulation of management contract models

6.1 Model and choice of solution methods

As discussed in Chapter 3 analytic solutions may seldom

be found for complex CCA models. Though several approximation

methods may be used only lattice approaches and Monte Carlo

simulation may be used for the purpose of modeling management

contract models described in Chapter 5. Simple claim models 1

through 6 are valued in applying the rationale of the CRR

approach. A general algorithmic form is given in section 6.2.

Dynamic models such as Model 7 are on the other hand

extremely difficult to model and solve. An example in section

6.3 provides a model and a solution approach using Bellman's

principle of optimality in solving stochastic control

problems.

6.2 Numerical approximation using binomial lattice

algorithm

ALGORITHM

MAIN PARAMETERS:

Geometric Wiener process:
0'';I1tu e

Arithmetic Wiener process:

u 1.1

b = 1ju

R 1 + r

b

R

P

1ju
rl1te

(R-b)j(u-b)
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MAIN VARIABLES: s: cash flow

V: value of the company

c: call option

M: management fee

CONSTANTS: X: tender price

F: management fee constraint

P: percentage of equity sold

STEP1: LATTICE DEVELOPMENT

All models

Develop the lattice of cash flows from year 0 to year 5

starting with the initial cash flow S . Each year is divided
o

into n small intervals of time 8t. The cash flow follows the

binomial model, in a small interval of time 8t the cash flow

S moves up to the value (S*u) with probability p and down to

the value (S*b) with probability (l-p).

Let S.. be the value of cash flow in node (i,j). The upper
1, J

value of the cash flow after interval of time 8t is:

s .- S * U
i+l,j+l i,j

i=o, ... ,5n r-e. ... , i

where j is the number of up-movements in n-periods

The lower value is:

S .- S * b
i+l,j i,j

Model 3 and Model 5

i=O, ... , 5n j =0, ••• , i

In model 3 and model 5 an unconstrained management fee is

applied. In nodes corresponding to year 1 and year 2
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calculate the management fee as m=5% of cash flow. The

management fee is an expense for the company therefore

substract it from the cash flow of the corresponding year,

see figure 6.1.

Management fee in year 1, ie. after n small intervals of

time ~t, is given by:

M = S * m
n,j n,j

j=O, •.. ,i

The management fee payout changes S . by the amount M . ,
n,J n,J

therefore the following substitution takes place:

S := S - M
n,j n,j n,j

j=o, .•. ,i

Analytically management fee in year 2, ie. after 2n small

intervals of time ~t, is given by:

M = S * m
2n, j 2n, j

j=o, ..• ,i

The management fee payout changes S . by the amount M .,
2n, J 2n, J

therefore the following substitution takes place:

S .- S - M
2n, j 2n, j 2n,j

Model 4 and Model 6

j=o, ..• ,i

In model 4 and model 6 a constrained management fee is

applied. The total value of management fees from year 1 and

year 2 can not be higher than the constraint F . In nodes

corresponding to year 1 and year 2 calculate the constrained

management fee as follows and then substract it from the

cash flow.

Constrained management fee in year 1, ie. after n small

intervals of time ~t, is given by:
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M = min (8 * m , F)
n,j n,j

j =0 , ••• , i

The management fee payout changes 8 by the amount M . ,
n,j n,J

therefore the following substitution takes place:

S :=
n,j

S
n,j

- Mn, j
j=o, ... ,i

Constrained management fee in year 2, ie. after 2n small

intervals of time At, is given by:

M = min ( 8 . * m , F - M .)
2n, j 2n, J n , J

j=o, ... ,i

The management fee payout changes S . by the amount M ,
2n, J 2n,j

therefore the following substitution takes place:

S :=
2n, j

S
2n, j

- M
2n,j

j=o, ... ,i

Figure 6.1: Lattice structure

Year2

.........

Yearl

.........

Xu
YearO

....,....
Xd

In yea r 1 and yea r 2

the cas h f low i s

decre a sed b y the

amoun t p aid a s

manag e men t fee
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STEP2: LATTICE RECURSION

All models

Execute a backward recursion in the lattice from year 5 to

year 0 to evaluate the value of the company, the call-option

and the management fee.

In year 5 take the following border condition: for each node

of year 5, ie. after 5n small intervals of time Llt, the

value of the company equals its cash flow:

V := S
i,j i,j

i=5n j=O, ••• ,i

From year 5 execute backward recursion to year o. Evaluate

the value of the company as sum of discounted cash flows. In

nodes corresponding to consecutive years add the cash flow

to the value of the company using the following

sUbstitution:

v .- V + S
i,j i,j i,j

i=4n,3n, 2n,n, 0 j =0 , ••• , i

In all nodes discount the value of the company as follows:

V =
i, j

p * V i + 1 , j + l + (l-p) * V i +1 , j

R
i=5n, ... ,0
j =0 , ••• , i

Model 2, Model 5 and Model6

In model 2, model 5 and model 6 the call-option is applied.

The difference between the value of the company and the

tender price X is the increase of value of the company. In

each node of year 2 calculate the call-option as equal to the

percentage of equity sold P% times 70% of the maximum between
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zero and the increase of the value of the company.

C.. max (V. . - X, 0) * P% * 70%
1, J 1, J

The call-option is an expense for the company,

perform the following substitution:

therefore

V .- V - C
i,j i,j i,j

i=2n, j=O, ••. ,i

Discount the value of the call-option:

C =
i , j

p * C + (l-p) * C
i+l,j+l i+l,j

R
i=2n, ... ,0
j=O, ••• ,i

Model 3 1 Model 4, Model 5 and Model6

Discount the management fee:

p * M + (l-p) * M
i+l,j+l i+l,j

M =
i,j

R

END OF ALGORITHM
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6.3 Simulation results and analysis

The computer simulation is performed on all the 6

presented models. The obj ective of the simulation is the

comparison of the models subject to the influence of

different variables, such as:

percentage of equity sold

level of management fee

level of risk free rate

tender value

The main question is how to design the compensation

scheme in order to allign, as much as possible, shareholders

and management interests.

All the simulations in chapter 6 were run under the

assumption of arithmetic Wiener process for the cash flow.

Analogical results, under the assumption of geometric Wiener

process for the cash flow, are presented in appendix 11.

The results of the simulations are provided in tables

below:
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Table 6.1: Influence of the percentage of equity-sold on

the value of the company and the call-option.

Management fee = 5%

Initial cash flow = 50

Risk free rate = 8%

Tender value = 100

MODEL2 MODEL5 MODEL6

% 0 F V V V.................................................. .................................................. ..................................................
EQ U I TY C UMF CMFs 0 L D C-O C-O

169. 54 161. 07 163. 06.................................................. .................................................. ..................................................

100% 80 ·46 4 ·88 4 ·26
66 ·93 71 ·48

177. 57 167. 77 170. 21........_........................................ .................................................. ..................................................

90% 72 ·41 4 ·88 4 ·26
60 ·23 64 ·33

185. 63 174. 46 177. 36................................................... .................................................. ..................................................

80% 64 ·37 4 ·88 4 ·26
53 ·54 57 ·18

193. 68 181 ·15 184 ·51.................................................. .................................................. ...............................................•..

70% 56 ·32 4 ·88 4 ·26
46 ·85 50 ·03

201 . 73 187. 84 191. 65.................................................. ..........................................._..... ..................................................
60% 48 ·27 4 ·88 4 ·26

40 ·16 42 ·89

250 228 234 ·54.......•.......................................... .................................................. ..................................................

50% 0 ·00 4 ·88 4 ·26
0 ·00 0 ·00

where: V

C-O

UMF

CMF

- value of the company

- value of the call-option

- unconstrained management fee

-"constrained management fee

The first column shows different percentages of equity sold.

In the following columns the value of the call option

decreases as the percentage of equity sold decreases.
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Contrary the value of the company increases as the percentage

of equity sold decreases.

Changes in the percentage of equity sold do not change

constrained or unconstrained management fee.

Conclusions:

In the management contract the call-option is a success fee

for the management after privatization. The value of this fee

is proportional to the percentage of equity sold. If less

than 51% of equity are sold the company is not considered as

privatized therefore the value of the call-option is equal o.

The call-option paid for the management is an expense for the

company, therefore the higher the call-option (percentage of

the company sold) the lower the value of the company.

Results in table 6.1 shows no effect of the privatization of

the company on the constrained or unconstrained management

fee. It is clear that management fee is not, for the

management, an incentive for privatizing the company
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Table 6.2: Influence of the level of management fee on

the total value of compensation for the management in

different models.

Risk free rate = 8%
Initial cash flow = 50

100% of equity sold
Tender value = 100

MODEL3 MODEL4 MODEL5 MODEL6

MAN A GE-
V V V V

MENT FEE .................................................. .................................................. .................................................. ..................................................

AS % OF UMF CMF + UMF + CMF
NET C-O C-O
PROF ITS TOTAL TOTAL

228 234. 54 161. 07 163. 06.................................................. .................................................. .................................................. ..................................................

5% 4 ·88 4 ·26 + 4 ·88 + 4 ·26
66 ·93 71. 48

71. 81 75. 74

207 234. 84 152. 68 161. 90................_................................ ..................................................... ................................_.................. ....................................................

10% 9 ·5 4 ·98 + 9 ·5 + 4 ·98
54 ·32 72 ·94

63. 83 77. 92

187 235. 47 144. 48 161. 88...................................................... ................................................... .................................................. ..................................................

15% 13 ·88 4 ·81 + 13 ·88 + 4 ·81
45 ·52 73 ·59

56. 40 78. 40

168 235. 81 136. 03 161. 98................................................- ................................................... ...................................•.............. ..................................................

20% 18 4 ·65 + 18 + 4 ·65
31. 97 73 ·83

49. 97 78. 48

150 235. 87 127. 31 162.................................................. ................................................... .................................................. .........................................................

25% 21. 88 4 ·62 + 21. 88 + 4 ·62
22 ·69 73 ·88

44. 57 78. 50

133 235. 87 118. 28 162.................................................. ................................................... ................................................... .....................................................

30% 25 ·50 4 ·62 + 25 ·50 + 4 ·62
14 ·72 73 ·88

40. 22 78. 50

where: V - value of the company
C-O - value of the call-option
UMF - unconstrained management fee
CMF - constrained management fee
TOTAL - value of total compensation for the management
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The first column shows different levels of management fee,

represented as percentages of net profits.

In the following columns

management fee increases

increases.

the value of

as the level

the unconstrained

of management fee

As the level of management fee increases the value of the

constrained management fee increases until a certain point

(the line where management fee is equal to 20% of net

profits) and then remains constant on a level slightly lower

than the precedent. In model 4 and 6 there is an increase of

the constrained management fee from 4.26 to 4.65, and a

stabilization at 4.62.

In models with unconstrained management fee (model 3 and 5)

the value of the company decreases when the level of

management fee increases.

In models with constrained management fee (model 4 and 6) the

value of the company remains practically constant when the

level of management fee increases.

In model 5 (unconstrained management fee and call-option) the

call option decreases as the level of management fee

increases.

In model 6 (constrained management fee and call-option) the

call option remains practically constant when the level of

management fee increases.

In model 5 the total compensation for

(unconstrained management fee + call-option)

the level of management fee increases.

the management

decreases when

In model 6

(constrained

the total compensation for the management

management fee + call-option) remains
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Table 6.3: Influence of the level of risk free rate on

the value of the company and the call-option.

Management fee = 5%

Initial cash flow = 50

100% of equity sold

Tender value = 100

MODEL2 MODEL5 MODEL6

RI SK V V C.................................................. .................................................. .............................................._..
FREE C-O UMF CMF
RATE C-O C-O

179. 50 170. 81 172. 69.................................................. .................................................. ...............................•..................

0% 70. 50 4 ·88 4 ·44
57 ·19 61. 36

173. 11 164. 58 166. 53.................................................. -................................_................. ..................................................

5% 76 ·89 4 ·88 4 ·33
63 ·42 67 ·84

167. 27 158. 83 160. 85..........•............•.......................... ................................................... •........•........................................

10% 82 ·73 4 ·88 4 ·21
69 ·17 73 ·80

161. 95 153. 56 155. 64......_...................................._.... .................................................. ...•.........•....................................

15% 88 ·05 4 ·88 4 ·08
74 ·44 79 ·25

157. 13 148. 77 150. 91.................................................. .................................................. .............-...................................
20% 92 ·87 4 ·88 3 ·96

79 ·23 84 ·20

152. 78 144. 42 146. 61.................................................. .................................................. ..................................................

25% 97 ·22 4 ·88 3 ·83
83 ·58 88 ·67

148. 84 140. 49 142. 73.................................................. .................................................. ..................................._..............

30% 101. 16 4 ·88 3 ·71
87 ·51 92 ·72

where: v
C-O

UMF

CMF

- value of the company

- value of the call-option

- unconstrained management fee

- constrained management fee

The first column shows increasing risk free rates.
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practically constant when the level of management fee

increases.

Conclusions:

The management fee is an expense for the company. The

increase of the unconstrained management fee decreases the

value of the company. As a result of that decrease in value,

we notice a decrease of value of the call-option and the

total compensation for the management in model 5. It is

interesting to notice that in model 5 the increase in the

level of management fee is not profitable to the management

in terms of total compensation.

The constrained management fee stops the decrease in value,

therefore the value of the company as well as the value of

the call-option remains practically constant in model 6.

It is interesting to notice that the most profitable

scenario, with the highest value of total compensation, for

the management is the model 6.

Results in table 6.2 shows the importance of a constraint in

the management fee.
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In the following columns the value

decreases as the risk free rate increase.

of the company

The value of the unconstrained management fee in model 5

remains constant when the risk free rate increases.

The value of the constrained management fee in model 6

decreases when the risk free rate increases.

The value of the call-option increases in model 5 and 6 when

the risk free rate increases.

Conclusions:

The level of risk free rate has an impact on the value of the

company, in a risky environment the value of ·the company

decreases.

The value of the call-option is also related to the risk

free rate. As risk free rate increases the growth rate of

the stock price increases but the present value of any

future cash flow received by the holder of the option

decreases. The first effect tends to increase the price of

the call option while the second one tends to decrease that

price. It appears that the first one dominates the second

one, therefore the value of the call option increases when

the risk free rate increases.

Table 6.3 shows also the relation between the value of the

company and the amount of the constrained management fee,

i. e. when the value of the company decreases, the

constrained, on that value, management fee decreases too.
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Table 6.4: Influence of the tender value on the

call-option.

Risk free rate = 8%

100% of equity sold

Management fee = 5%

Initial cash flow = 50

MODEL2 MODEL5 MODEL6

V V V
TE N DER ................................................... .................................................. ..................................................

VA L UE C-O UMF CMF
C-O C-O

169. 54 161 .07 163. 06
100

........•......................................... .........._...................................... ...................................................

80 ·46 4 ·88 4 ·26
66 ·93 71 ·48

218. 76 205. 55 206. 45
200

..................................................... .....................-........................... ....................................................

31 ·24 4 ·88 4 ·87
22 ·45 23 ·37

240. 97 222. 52 222. 52
300

.................................................. .................................................. .............................................._..

9 ·03 4 ·88 4 ·88
5 ·48 5 ·48

247. 61 226. 95 226. 95
400

•.....•.•......................................... ........................_.................._.... ..................................................

2 ·39 4 ·88 4 ·88
1 ·05 1. 05

249. 47 227. 79 227. 79
500

.................................................. ...........................................•...... ..............................................._..

0 ·53 4 ·88 4 ·88
0 ·21 0 ·21

249. 88 227. 97 227. 97
600

.................................................. .................................................. ...................................................

0 ·12 4 ·88 4 ·88
0 ·03 0 ·03

249. 98 228 228
700

.................................................... .................................................. ..................................................

0 ·02 4 ·88 4 ·88
0 ·00 0 ·00

250 228 228
800

.................................................. ...•.............................................. ..................................................

0 ·00 4 ·88 4 ·88
0 ·00 0 ·00

where: V

C-O

UMF

CMF

- value of the company

- value of the call-option

- unconstrained management fee

- constrained management fee
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The first column shows increasing tender values.

In the following columns the value

increases when the tender value increases

of the company

The value of the management fee in model 5 and 6 remains

practically constant, the exception is the first line for

model 6.

The value of the call-option decreases to the value 0 when

the tender value increases.

Conclusions:

Results in table 6.4 shows an interesting scenario for the

shareholders, the higher the tender value, the higher the

value of the company and the lower the value of the

call-option for the management.

These results demonstrates the importance of the bidding

process that defines the tender value of the company. This

process opposes shareholders and managers as groups of

contradictory interests.
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6.4 Analytic solution using Bellman's principle of

optimality

In the previous sections models were simple static claims.

Dynamic claim models assume managerial control that may

influence the value of the firm or other assets under

management control. Model 7 is an example of dynamic claim

in which management controls a . a may be any management

action that increases the size cash flow (or net profits).

The increase of control variable a, however, is costly.

Suppose that the firm must pay a
2 to the management out of

cash flow. The following assumptions are made:

Assumptions:

Suppose that S follows arithmetic Wiener process, with

drift a and volatility o , An asset pays continuous cash

flows forever at a rate of Sdt. The manager may influence

the growth rate of S, albeit at a cost. Suppose that for a

given choice of a, the shareholders would have to pay a 2dt

continuously to managers. Therefore, higher effort (a)

increases the growth rate of cash flows, but also increases

the management cost. Additionally suppose that ex > 0 and

T = infinity.

Under these assumptions, the value of the cash flows net of

management expenses is:

Model 7:

00

V max
a

E oJ e-r S
( s - a

2
) dt

o

sUbject to

Solution:

dS = a dt + (j dz

The above equation must be maximized over possible
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values of the control variable a.

This case is difficult to solve analytically. Only

simple case, i.e. for infinite T may be solved by using the

Bellman's principle of optimality.

An example below uses the Bellman' s principle of the

maximum for an infinite horizon case.

From Ito's lemma we have:

av 1 a2v

dV dX + dX2

ax 2 ax2

and

dS = adS + <TdW

and

dX2 = <T2X2dt

Then the expected capital gain is given by:

a +
ax

= ( avE(dV)ECG

ECF 2
= (S - a ) dt

From the principle of optimality:

ETR max [ECF + ECG ]
a

= maxa[ S
av 1 a2v

]rV 2 + a + - 2
- a <T

ax 2 ax 2

*Let a be the value that maximize the expression in
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brackets. The ordinary derivative of this expression for..
a = a should equal o.

..
-20: +

av

ax
o

av

ax
*20:

The second derivative ( = -2) is unconditionally negative, it

means that an interior local maximum has been found. We
*assume that a is constant, therefore:

= 0 and V *2So: + C

where C in an undetermined constant. SUbstituting into the

differential equation, we have:

rV 2
r[2Sa + C]

*2
S + 0:

* *22ra S + rC = S + a

Since the differential equation holds true for all values of

S, the coefficients of S must match as well as the

constants:

..
zr« = 1

rC *2
a

.. 1
0: =

2r

1
C =

4r3

Therefore,

X 1
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CHAPTER 7

Conclusions and future research

7.1 Summary

The obj ective of this dissertation was to develop a

methodology for the evaluation of management contract using

option theory.

This objective has been achieved in the following steps:

1. an original approach to the valuation of management

contracts, that is based on Contingent Claims Analysis, has

been proposed,

2. mathematical model for both static and dynamic cases was

built,

3. numerical algorithms for solving this model have been

evaluated and compared,

4. an efficient computer program has been developed,

5. numerous simulation experiments that confirmed the

applicability of the proposed approach have been performed,

6. practical conclusions for the development of future

management contracts have been derived.

The application of the proposed methodology suggested

several important practical conclusions:

Because of the separation of ownership

management interests are not aligned with

interests. The management objective is to
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compensation while the owner wants to increase the value of

the firm. In order to internalize the interests of the

agent-management and the principal-owner it is motivating

for the management to participate in the ownership of the

company. The call option appears to be the most powerful

incentive for the management to increase the value of the

company. The call option is related to the value of the

company whereas other components of the scheme are not. Thus

the option theory methodology framework may be used. This

innovative approach allows to value the option and the

company under management contract.

Assuming that the main obj ective of the Privatization

through Restructuring Program is to provide revenues from

privatization, the owner is interested in designing the

management contract scheme to sUfficiently motivate the

management in order to exercise its option. The higher the

transaction price at privatization, the higher are the

revenues both to the owner and to the management.

As the results indicate, other than call option

compensation scheme components do not motivate the

management to privatize. In fact, if they are too large they

may create disincentives to privatization and potentially

drive down the value of the company. In particular the

management fee may create disincentives for privatization if

appropriate covenants are not imposed on the management. One

of such covenants is the constraint limiting the sum of

payoffs form net profits to the value of initial deposit.

This covenant may be an effective protection against

managerial abuse and stimulate management efforts to

privatize.

The value of call option depends on the discrepancy

between the true bid value and the "real" value of the

company. The size of the management compensation would

depend therefore not only on the management effort but also

on the bidding process itself. According to Jermakowicz W.,
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Jermakowicz E. and Koriaka B. [1994] the bids prices were

only slightly correlated with the equity of the companies.

This remark leads to the conclusion that improved bidding

rules ought to be designed.

CCA (Contingent Claim Analysis) is an appropriate

methodology to be applied to evaluate the management

contracts. Appropriate stochastic control models could be

built to evaluate management actions. Such models, however,

are very complex and have rarely analytic solutions. An

example of such a model and its solution describing the

dependence between the management control and the value of

the company was proposed in this dissertation.

The management contract simulation models based on the

option theory confirmed the relationships between the option

values and parameters of the models such as interest rates,

bid price (that is a strike price) and the underlying value

of asset.

In addition to the above remarks derived from the

modeling, several more general remarks could be made about

Privatization through Restructuring approach:

The management contract is a very useful tool in

restructuring companies that cannot be readily privatized.

It also enables the Treasury to partially entrust the burden

of ownership responsibilities to a more competent agent,

i.e. management.

The management contract is unfortunately not fully

compatible with the Polish Privatization Law. The PtR

program therefore could be judged solely as a pilot program.

Based on the pilot batch of 15 companies some regulatory

adjustments to the existing laws could be proposed orland

the management contract has to be split into several

separate agreements.
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The lack of requirement of evaluation of the companies

prior to assigning management contract is both a strength

and a weakness of the program. The preparation of business

profiles may however be as costly as a simplified valuation.

To avoid the valuation of the companies more emphasis should

be placed on the bidding process to assure that the bid

price is as close as possible to the "real" price. Such

rules could by offered in other privatization programs and

oftentimes require special regulations (Wojciechowski P. and

Michel L., 1994).

It would be desired to have more flexibility in

adjusting the compensation scheme depending on the

overr i.d i.nq objectives of the program (Wojciechowski P., 1992

and 1993). Such schemes could then be sold as packaged

deals.

The major drawback of the program is the fact that the

price of underlying asset is unobservable. option theory

makes an assumption that the price of underlying security is

observable. The observed value then could be modeled as a

stochastic process. If the price is unobservable however

there is a need to compute an appropriate convenience yield

(Hull, 1989). The risk-neutral valuation could be extended

to cover variables that are not the prices of traded

securities. A parameter called market price of risk must be

then included in the valuation.

Of course the Privatization through Restructuring

approach as well as the proposed methodology could be more

valid if applicable to companies that are floated on the

stock exchange.

A severe drawback of the Privatization through

Restructuring approach is in not assuring the controlling

equity share to potential strategic investors.

The element that is crucial in designing the contract
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is the monitoring of management performance. Even most

clever compensation scheme will not replace the adequate

monitoring of the contract. The restructuring plans may

change as the economy changes. Thus a set of flexible

monitoring rules should be employed in order to enforce

appropriate implementation of the restructuring plans.

7.2 Future research

During the development of the binomial model several

assumptions were made. An interesting extension of the

approach of this dissertation would be to consider valuing

models that assume different, and at the same time more

realistic, underlying stochastic process, for example

jump-Poisson process or other alternative stochastic

processes.

Another interesting consideration should be devoted to

the computation of convenience yield to account for the fact

that the underlying value of the company is unobservable.

More practical research obj ectives would suggest an

evaluation of management contract based on realistic results

of the pilot program implementation. This can be done

however only after the privatization of the companies.

Another ambitious research direction could be devoted

to the development and simulation of stochastic control

models. The crucial part of such a research should be

devoted to the analysis of possible management actions and

their influence on the value of the company.

Lastly a more thorough investigation of possible

compensation schemes could be made. simulations could be run

for different tailor made schemes that would involve both

rewards and penalties.
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APPENDIX I

Review of management/employee buy-outs

The main feature of buy-outs is the transfer of

ownership of a company to a new legal entity in which

managers and employees are significant if not majority

shareholders. The are several types of buy-outs according to

their organizational forms:

the ownership may be taken by insiders or outsiders of

the company,

all assets may be bought or the state may retain a part

of ownership, or finally assets may only be leased with or

without an option to buy.

Inside owners

A management buy-out (MBO) involves a group of managers

obtaining a majority of the equity of the company in which

they are employed.

A management and employee buy-out (MEBO) involves

management leading transactions where the opportunity to

participate in equity ownership is extended to employees.

An employee buy-out (EBO) involves the body of employees

Obtaining a majority of the equity of the company in which

they are employed.

outside owners

A management buy-in (MBI) occurs when there are

insufficient internal entrepreneurial skills to conduct a

buy-out, and outside owner-managers acquire the company.

91



Owners from inside and outside

A partial buy-out occurs when the vendor is retaining a

significant portion of the equity.

A lease buy-out occurs when there is a lease agreement

with an option to buy.

A voucher' buy-out involves not only the participation of

management and employees but also the wider pubLi.c in the

ownership of the privatized company.

A join buy-out involves management employed in the

company and an external industrial partner.

A buy-in / buy-out (BIBO) involves management employed

in the company and external specialists.
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APPENDIX 11

Simulation results under assumption that the underlying

stochastic process is a Geometric Wiener process.

The objective of the second simulation, under assumption that

the underlying stochastic process is a geometric Wiener

process, was to demonstrate that the choice of arithmetic or

geometric Wiener process does not change the relations

between variables observed in the first simulation presented

in section 6.3.

Results of the second simulation, presented below, are

analogical to those from section 6.3.

93



Table 11.1: Influence of the percentage of equity

sold on the value of the company and the call-option.

Tender value = 100

Management fee = 5%

Initial cash flow = 50

Risk free rate 8%

MODEL2 MODEL5 MODEL6
% 0 F

V V V
EQ U I TY .................................................. .................................................. ..................................................

5 0 L D C-O UMF CMF
C-O c-o

168. 15 159. 34 162. 62....................................._........... .................................................. ..................................................

100% 81 ·85 4 ·88 4 ·07
68 ·66 75 ·67

176. 34 166. 20 170. 19.................................................. ............................................._... ..................................................

9q% 73 ·66 4 ·88 4 ·07
61. 80 68 ·10

184. 52 173. 07 177. 76......_.......................................... .................................................... ..................................................

80% 65 ·48 4 ·88 4 ·07
54 ·93 60 ·53

192. 71 179. 94 185. 32.................................................. ................................................... ..................................................

70% 57 ·29 4 ·88 4 ·07
48 ·06 52 ·97

200. 89 186. 80 192. 89................................................... ................................................... ..................•...............................

60% 49 ·11 4 ·88 4 ·07
41 ·20 45 ·40

250 228 238. 29.................................................. .................................................... ..................................................

50% 0 ·00 4 ·88 4 ·07
0 ·00 0 ·00

v - value of the company

c-o - call-option

UMF - unconstrained management fee

CMF - constrained management fee
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Table 11.2: Influence of the level of management fee

on the total value of compensation for the management

in different models.

Variance of cash flow = 0.4
100% of equity sold
Tender value = 100

Risk free rate = 8%
Initial cash flow = 50

MODEL3 MODEL4 MODEL5 MODEL6
MAN A GE-

V V V V
MENT FEE .................................................. .................................................. .................................................. ..................................................

AS % OF UMF CMF + UMF + CMF
NET C-O C-O
PROF ITS TOTAL TOTAL

228 238. 29 159. 34 162. 62.................................................. ......................_.......................... .................................................. ...................................................

5% 4 ·88 4 ·07 + 4 ·88 + 4 ·07
68 ·66 75 ·67

73. 54 79. 74

207 237. 84 150. 27 161. 35............................................._... ................................................... ..................................................... ......................................................

10% 9 ·5 4 ·97 + 9 ·5
+ 4. 98

56 ·73 76 ·49

66. 23 81. 46

187 238. 09 141. 38 161. 17.................................................. ................................................... .................................................. ......................................................

15% 13 ·88 4 ·96 + 13 ·88
+ 4 ·96

45 ·62 76 ·91

59. 50 81. 87

168 238. 36 132. 48 161. 20...................................................... .................................................. .............................................•_.. ...................................................

20% 18 4 ·82
+ 18

+ 4 ·82
35 ·52 77 ·16

53. 52 81. 98

150 238. 57 123. 11 161. 26................................................... ................................._............... ..•.......................•....................... ...................................................

25% 21. 88 4 ·70 + 21. 88
+ 4 ·70

26 ·89 77 ·30

48. 77 82

133 238. 68 113. 94 161. 31................................................... .................................................. .................................................. ....................................................

30% 25 ·50 4 ·63
+ 25 ·50

+ 4 ·63
19 ·06 77 ·38

44. 56 82. 01

V
C-O
UMF
CMF
TOTAL

- value of the company
- call-option
- unconstrained management fee
- constrained management fee
- total compensation
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Table 11.3: Influence of the level of risk free rate

on the value of the company and the call-option.

variance of cash flow

100% of equity sold

Tender value = 100

0.4 Management fee = 5%

Initial cash flow = 50

MODEL2 MODEL5 MODEL6

RI s K V V C.................................................. .................................................. .........._......................................
FREE C-O UMF CMF
RA TE C-O c-o

177. 03 167. 84 171. 12................................................... .................................................. ..................................................

0% 72 ·97 4 ·88 4 ·24
60 ·16 66 ·75

171. 39 162. 45 165. 73.................................................. .................................................. ..................................................

5% 78 ·61 4 ·88 4 ·13
65 ·55 72 ·41

166. 06 157. 32 160. 61..........................................._..... ................................................... ...................................................

10% 83 ·94 4 ·88 4 ·02
70 ·68 77 ·78

161 . 08 152. 47 155. 79.................................................. .................................................... ..................................................
15% 88 ·92 4 ·88 3 ·91

75 ·53 82 ·82

156. 45 147. 94 151 29................................................... ................................................... ...................................................

20% 93 ·55 4 ·88 3 ·79
80 ·06 87 ·53

152. 18 143. 73 147. 13................................................... .................................................. ..................................................

25% 97 ·82 4 ·88 3 ·67
84 ·27 91. 88

148. 26 139. 86 143. 29..............................."................... ................................................... ..................................................

30% 101 ·74 4 ·88 3 ·56
88 ·14 95 ·88

v - value of the company

C-O - call-option

UMF - unconstrained management fee

CMF - constrained management fee
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Table II.4:

call-option.

Risk free rate = 8%

100% of equity sold

Influence of the tender value on the

Management fee = 5%

Initial cash flow = 50

MODEL2 MODEL5 MODEL6

V V V
TEN DER .................................................. .................................................. ..................................................

VAL UE C-O UMF CMF
C-O C-O

168. 15 159. 47 162. 62
100

.................................................. .................................................. ......-..........................................

81. 85 4 ·88 4 ·07
68 ·66 75 ·67

230. 51 214. 38 216. 03
300

.................................................. ................................................... ..................................................

19 ·49 4 ·88 4 ·87
13 ·62 14 ·54

245. 56 225. 11 225. 31
500

..................................•............... .................................................. ..................................................

4 ·44 4 ·88 4 ·87
2 ·89 2 ·91

248. 82 227. 37 227. 37
700

................................................... .................................................. ..................................................

1 ·18 4 ·88 4 ·88
0 ·63 0 ·63

249. 70 227. 84 227. 84
900

................................................... .......•........................_................ ..................................................

0 ·30 4 ·88 4 ·88
0 ·16 0 ·16

249. 94 227. 96 227. 96
1100

.................................................. ................................................... ..................................................

0 ·06 4 ·88 4 ·88
0 ·04 0 ·04

249. 97 227. 99 227. 99
1300

................................_................ .................................................. ..................................................

0 ·03 4 ·88 4 ·88
0 ·01 0 ·01

250 228 228
1500

......................._......................... ................................................... ..................................................

0 ·00 4 ·88 4 ·88
0 ·00 0 ·00

V - value of the company

C-O - call-option

UMF - unconstrained management fee

CMF - constrained management fee
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APPENDIX III

Computer program

The following program is used to calculate the value of

the corporation as sum of discounted cash flows net of

management expenses. The purpose of the program is to help

in the evaluation of the management contract and to improve

its design. The program implements 6 models presented in

section 5.1 of the dissertation:

- model 1: no management contract,

- model 2 : with management fee,

- model 3 : with constrained management fee,

- model 4·: with call option,

- model 5: with unconstrained management fee and call

option,

- model 6: with constrained management fee and call option.

The program was written and compiled with Turbo Pascal

6.0, Borland laboratories and run on a PC computer.

Technical requirements:

The program can be executed on any PC compatible computer.

To run the program 3 files are necessary:

- model7.exe

- adrdata.dat

- gdrdata.dat

The first file is the executable program.

The two other files store data needed for the execution of

the program.

How to run the program:

To run the program you must have the following 3 files:

model7 . exe, adrdata. dat, gdrdata. dat in your present

directory and type model7.
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*************************************************************************}
* *}
* A PROGRAM USED TO CALCULATE THE VALUE OF THE CORPORATION UNDER *}
* MANAGEMENT CONTRACT, AS A SUM OF DISCOUNTED CASH FLOWS NET OF *}
* MANAGEMENT EXPENSES. *}

* *}
* KEY ASSUMPTION: ARITHMETIC OR GEOMETRIC WIENER PROCESS IS THE *}
* UNDERLYING STOCHASTIC PROCESS OF THE CASH FLOW. *}

* *}
* MODELS: 1 NO MANAGEMENT FEE AND NO CALL OPTION *}
* 2 NO MANAGEMENT FEE AND CALL OPTION *}
* 3 UNCONSTRAINED MANAGEMENT FEE AND NO CALL OPTION *}
* 4 CONSTRAINED MANAGEMENT FEE AND NO CALL OPTION *}
* 5 UNCONSTRAINED MANAGEMENT FEE AND CALL OPTION *}
* 6 CONSTRAINED MANAGEMENT FEE AND CALL OPTION *}

* *}
* This program needs the files Adrdata.dat and Gdrdata.dat in the *}
* directory in which it is executed. *}

* *}
* *}
* Copyright C (1994) by PAWEL WOJCIECHOWSKI *}

* *}
*************************************************************************}

rogram MANAGEMENT_CONTRACT_MODEL;

ses

onst

crtj

Mmax=50; {maximum size of the lattice}
T=5j {time horizon of 5 years}
steps text='Number of steps per year in the lattice: ';
sigma-text='Variance of cash flow: ';
r text='Risk free rate, as percentage: 'j
mg text='Management fee, as percentage: 'j
X text='Initial cash flow: ';
K-text='Tender value: ';
Percentage sold text='Percentage of the equity sold: 'j
Model1 text='Model 1: no management fee and no call option.';
ModeI2-text='Model 2: no management fee and call option.';
ModeI3-text='Model 3: unconstrained management fee and no call option.
ModeI4-text='Model 4: constrained management fee and no call option.';
ModeI5-text='Model 5: unconstrained management fee and call option.';
ModeI6-text='Model 6: constrained management fee and call option.';
Question text='Enter the number of the model that you want to run: I;
process text='Do you want an Arithmetic process, y or n ? ';
printer-text='Do you want to print the results, y or n ? ';
Arithmetic text='Arithmetic Wiener process is the underlying stochasti
Geometric text='Geometric Wiener process is the underlying stochastic
Expected_v_text='Expected value of the company after 2 years: ';

******************** LATTICE STRUCTURE **********************************}

ype node = record
X: real;
V: real;
M: real;
C: real;

end;

{cash flow}
{value}
{management fee}
{call option}

********************** VARIABLES USED IN THE PROGRAM *******************}

on_printer : boolean;

Call_option : boolean;

{should the results be printed}

{model with or without Call_option}



constraint : boolean; {model with or without Constraint}

Mgmt_fee : boolean; {model with or without management fee}

Arithmetic . boolean; {arithmetic or geometric model}.
answer : integer; {answer}

lattice: array [O .. Mmax,O .. Mmax] of node;

i,j: integer;

totalsteps,steps

Y: integer;

sigma: real;
intsigma: integer;

r: real;
intr: integer;

deltat: real;

p,pl: real;

u,d: real;

a: real;

mg: real;
intmg: integer;

Call: real;

K: real;
intK: integer;

intx: integer;

deposit: real;

tmpl,tmp2: real;

{lattice indexes, i : steps}

integer; {number of steps to be performed}

{time period}

{variance of cash flow}
{percentage}

{risk free rate}
{percentage}

{time period / number of steps}

{adjusted probability, pl=l-p}

{cash flow mUltipliers, u*d=l}

{time value of money per step}

{management fee from cash flow}
{percentage}

{call option}

{strike = tender value}

{management deposit = 5% of tender value}

{temporary variables}

Expected_value: real; {expected value of the company after 2 years}

percentage_sold: integer;{percentage of the company sold}

ch : char; {to read the keybord buffor}

*************** A PROCEDURE SHOWING THE TITLE PAGE **********************}

trocedure TITLE_PAGE;

rar ch : char;

)egin
clrscr;
writeln;
writeln;
writeln;

rriteln (' **************************************************************



copyright C (1994) by PAWEL WOJCIECHOWSKI

A PROGRAM USED TO CALCULATE THE VALUE OF THE CORPORATION UND
MANAGEMENT CONTRACT, AS A SUM OF DISCOUNTED CASH FLOWS NET 0
MANAGEMENT EXPENSES.

NO MANAGEMENT FEE AND NO CALL OPTION
NO MANAGEMENT FEE AND CALL OPTION
UNCONSTRAINED MANAGEMENT FEE AND NO CALL OPTION
CONSTRAINED MANAGEMENT FEE AND NO CALL OPTION
UNCONSTRAINED MANAGEMENT FEE AND CALL OPTION
CONSTRAINED MANAGEMENT FEE AND CALL OPTION

MODELS: 1
2
3
4
5
6

*
*
*
*
** KEY ASSUMPTION: ARITHMETIC OR GEOMETRIC WIENER PROCESS IS TH
* UNDERLYING STOCHASTIC PROCESS OF THE CASH FL

*
*
*
*
*
*
*
*
*
*
**************************************************************

riteln ('
riteln ('
riteln('
riteln('
riteln ('
riteln('
riteln('
riteln ( r

riteln('
riteln('
riteln ('
riteln('
riteln('
riteln ('
riteln( ,
riteln( ,
riteln('
riteln('

nd;

Repeat until Keypressed;
ch:=ReadKey;
clrscr

{TITLE_PAGE}

*************** A PROCEDURE CALCULATING YEARLY RESULTS ******************}

rocedure YEARLY_BORDER_CONDITIONS (Year,im: integer);

onst mg share = 0.7;
prIvatization =

{management share of real capital gain = 70%}
0.51;{privatization = at least 51% of shares are sold}

ar CF: real;
X: real;
V: real;
jm: integer;
count: integer;
V sum: real;
percent: real;

{end of the year cash flow}
{cash flow}
{calculated value of the company}
{lattice index}
{index to calculate the expected value in year 2}
{sum of values in the year 2}
{percentage of the company sold}

egin
jm:=O;
count:=O;
V_sum:=O;
percent:=percentage sold/lOO;
while (jm<=im) do -
begin

Call:=O;
CF:=lattice[im,jm].X;
V:=lattice[im,jm].V;
lattice[im,jm].V:=CF+V;
V:=lattice[im,jm].V;

{expected value of the company after 2 years}
if (Year=2) then
begin

V sum:=V sum+V;
count:=count+1

end;

{execution of the Call option in year 2}
{if less than 51% percent of shares are sold, the call_option = O}

if (Call option and (Year=2) and (percent >= privatization» then
begin -



Call:=percent*mg share*(V-K);
if call < 0 then-Call:=O;
lattice[im,jm].C:=Call;
lattice[im,jm].V:=V-Call

end;
{end of execution of the Call_option in year 2}

jm:=jm+l
end;

if (count<>O) then

Expected_value:=V_sum/count
~d; {YEARLY_BORDER CONDITIONS}

k***************** A PROCEDURE TO ENTER THE DATA ************************}

)nst Adrdata='Adrdata.dat';
Gdrdata=IGdrdata.dat';
tmp_data=ldrdata.tmp';

~r file of data: file of string;
tmp data file: file of string;
data, data_file: string;

Locedure READ_DATA(comment:string; var variable:integer);

~r code:integer;
txt_var, new_var:string;

egin
write(comment);
read(file of data,txt var);
write (txt-var, ' You can change this value? ');
readln(new var);
val(new var,variable,code);
if (code<>O) then
begin

val(txt_var,variable,code);
new var:=txt var

end;
write (tmp_data_file,new_var)

nd; {READ_DATA}

egin
Assign(tmp data file,tmp data);
Rewrite(tmp_data_file)i -

if (Arithmetic) then
data file:=Adrdata

else
data file:=Gdrdata;

Assign(file of data,data file);
Reset(file_of_data); -

if (Arithmetic) then
begin

READ OATA(steps text,steps);
REAO-OATA(r text,intr);
REAO-OATA(mg text,intmg);
REAO-DATA(percentage sold text,percentage sold);
REAO=OATA(X_text,intX); - -



end
else
begin

READ DATA(steps text,steps);
READ-DATA(sigma-text,intsigma);
READ-DATA(r text,intr);
READ-DATA(mg text,intmg);
READ-DATA(percentage sold text,percentage sold);
READ-DATA(X text,intX); - -
READ=DATA(K=text,intK)

end;

Close(tmp data file);
Close(file of data);
Rewrite(file of data);
Reset(tmp data file);
while not(eof(tmp data file» do
begin --

read(tmp data file,data);
write (file_of=data,data)

end;
Close(tmp data file);
Close(file_of_data);

Erase (tmp_data_file)
nd;

****************** A PROCEDURE TO ENTER BOOLEAN DATA ********************}

rocedure YES_NO(comment:string; var logical:boolean);

ar answer : string;

egin
write(comment);
readln(answer);

if (answer='y') then
logical:=true

else
logical:=false

nd;

****************** A PROCEDURE PRINTING VALUES OF INPUT DATA ************}

rocedure PRINT_INPUT(printer:boolean);

egin
if printer then
Assign(file to print,'PRN')
else - -
Assign(file to print,");
Rewrite(file to print);
writeln(file_to_print,'INPUT');
writeln(file-to-print,steps text,steps);
if not (ArithmetIc) then -

writeln(file to print,sigma text,sigma:5:2);
writeln(file to-prlnt,r text,intr:2,'%');
writeln(file-to-print,mg text,intmg:2,'%');
writeln(file-to-print,percentage sold text,percentage sold:3,'%');
writeln(file-to-print,x text,lattice[O,O].X:5:2); -
writeln(file=to=print,K=text,K:5:2) ;



nd;

writeln(file to print) ;
case (answer) of
1: writeln(file to print,Model1 text);
2: writeln(file-to-print,Mode12-text);
3: writeln(file-to-print,Mode13-text);
4: writeln(file-to-print,Mode14-text);
5: writeln(file-to-print,Mode15-text);
6: writeln(file-to-print,Mode16-text)
end; - - -
if (Arithmetic) then

writeln(file to print,Arithmetic text)
else - - -

writeln(fil~ to print,Geometric text);
Close (file_to_print) -

{PRINT_INPUT}

************* A PROCEDURE TO CALCULATE INITIAL VARIABLES ****************}

,rocedure INITIAL_CALCULATIONS(logical:boolean);

oar tmp1: real;

.eqi,n
K:=intK;

lattice[O,O].X:=intx;
lattice[O,O].M:=O;
lattice[O,O].C:=O;

totalsteps:=T*stepsi
deltat:=ljstepsi

mg:=intmgj 100i
deposit:=mg*Ki

Expected_value:=Oi

if (logical) then
{Arithmetic underlying stochastic process}
begin

sigma:=Oi {this variable is not used}

r:=intrj(100*steps)i

u:= 1.1;
d:=lj u i

a:=l+r;
p:=(a-d)j(u-d);
p1:=1-p

end

else
{Geometric underlying stochastic process}
begin

sigma:=intsigmaj100i

r:=intrj100;

tmp1:=sqrt(deltat)i
u:= exp(sigma*tmpl)i

d:=l/u;



a:=exp(r*deltat);
p:=(a-d)j(u-d);
pl:=l-p

nd;
end

{INITAL_CALCULATIONS}

**************** A PROCEDURE PRINTING YEARLY RESULTS ********************}

rocedure PRINT_OUTPUT(printer:boolean);

ar file to print : text;
year-: integer;
result,tmpl : real;

egin
year:=O;
if printer then
Assign(file to print,'PRN')
else - -
Assign(file to print,");
Rewrite(file to print);
writeln(file-to-print);
writeln(file=to=print,'oUTPUT');

writeln(file to print,Expected V text,Expected value:5:2);
writeln(file=to print); - - -

i:=O;
{while «i<=totalsteps) and (year=O» do}

while (i<=totalsteps) do
begin

writeln(file_to_print,'YEAR ',year);
tmpl:=l;
while (tmpl<=4) do
begin

if (tmpl=l) then write(file to print,'X: ')
else if (tmpl=2) then begIn

writeln(file to print);
write(file_to_print,'V: ');

end
else if (Mgmt fee and (tmpl=3) and (year <=2» then

begin -
writeln(file to print);
write(file_to_print,'M: ');

end
else
if (Call option and (tmpl=4) and (year <=2» then
begin -

writeln(file to print);
write(file_to_print,'C: ');

end;

j:=o;

hile «j<=i) and «tmpl<=2) or «tmpl=3) and Mgmt fee and (year<=2»
or «tmpl=4) and Call_option and (year<=2»)) do

begin
with lattice[i,j] do



if (tmpl=l) then result:=X
else if (tmpl=2) then result:=V

else if (Mgmt fee and (tmpl=3) and (year <=2» then
result:=M

else
if (Call option and (tmpl=4) and (year <=2» the

result:=C;

{printing in columns}
if result<lOO then

write(file to print,' ',result:5:2)
else if result<lOOO then

write(file_to_print,' ',result:5:2);

j:=j+l;

{if the line is too long it should be cut}
if «(j mod max_in_line)=O) and (j<=i» then
begin

writeln(file to print);
write(file_to_print,' ')

end;

end;
tmpl:=tmpl+1

end;

i:=i+steps;
year:=year+l;

{shows only yearly results}

nd;

writeln(file to print); {empty line between yearly results}
writeln(file-to-print)

end; - -

{PRINT_OUTPUT}

************ A PROCEDURE EXECUTING THE LATTICE DEVELOPMENT **************}

rocedure LATTICE_DEVELOPMENT;

ar mg fee : real;
max fee : real;
average mg fee : real;
nr_average-: integer;

egin
i:=l;
average_mg fee:=O;
nr_average:=O;
max_fee:=0.05*K;

{management fee}
{maximum management fee for constraint model}
{average management fee in year 1}
{number of nodes for the average}

{5% of tender value}

while (i<=totalsteps) do
begin

j:=O;

if (Mgmt fee) then
{for year2 calculation of the average management fee in yearl}
if «(i mod steps) = 0) and «i div steps) = 2» then

average_mg_fee:=average_mg_feejnr_average;

while (j<i) do
begin



lattice[i,j].X:=lattice[i-1,j].X*d;

lattice[i,j].V:=O;
lattice[i,j].M:=O;
lattice[i,j].C:=O;

{initial value}
{initial value}
{initial value}

if (Mgmt fee) then
begin
{management fee in years 1 and 2}
if «i mod steps) = 0) then
begin

if «i div steps) = 1) then {YEAR 1}
begin

mg fee:=mg*lattice[i,j].X;
if-«Constraint) and (mg_fee > max_fee» then

mg fee:=max fee;
lattice[i,j].M:=mg fee;
lattice[i,j].X:=lattice[i,j].X-mg fee;
average_mg_fee:=average_mg_fee+mg=fee;
nr_average:=nr_average+1

end
else if «i div steps) = 2) then {YEAR 2}

begin
mg fee:=mg*lattice[i,j].x;

if «Constraint) and-«mg fee + average mg fee) > max fee» then
mg fee:~max fee-average mg fee;
lattice[i,j].M:=mg fee;- 
lattice[i,j].X:=lattice[i,j].x-mg_fee

end
end
end;
{end of management fee in years 1 and 2}

j:=j+1
end;
{i=j}
{same as above but for i=j}

lattice[i,i].X:=lattice[i-1,i-1].X*u;

lattice[i,i].V:=O;
lattice[i,i].M:=O;
lattice[i,j].c:=o;

{initial value}
{initial value}
{initial value}

if (Mgmt fee) then
begin -
{management fee in years 1 and 2}
if «i mod steps) = 0) then
begin

if «i div steps) = 1) then {YEAR 1}
begin

mg fee:=mg*lattice[i,i].X;
if-«Constraint) and (mg fee> max_fee» then

mg fee:=max fee; -
lattice[i,i].M:=mg fee;
lattice[i,i].X:=lattice[i,i].X-mg fee;
average_mg_fee:=average_mg_fee+mg=fee;
nr_average:=nr_average+1

end
else if «i div steps) = 2) then {YEAR 2}

begin
mg fee:=mg*lattice[i,i].X;

if «Constraint) and-«mg fee + average mg fee) > max_fee» then
mg_fee:~max_fee-average_rng_fee;



lattice[i,i].M:=mg fee;
lattice[i,i].X:=lattice[i,i].X-mg_fee

end
end
end;
{end of management fee in years 1 and 2}

i:=i+l

.nd j

end;
{LATTICE_DEVELOPMENT}

************************** MAIN PROGRAM ******************************}

~egin

YES NO(process_text,Arithmetic);

INPUT_OF_DATA;

writeln;
writeln(Modell text);
writeln(Mode12-text);
writeln(Mode13-text);
writeln(Mode14-text);
writeln(Mode15~text);

writeln(Mode16-text);
write(Question-text);
readln(answer);
Call_option:=false;
Mgmt fee:=false;
Constraint:=false;
case (answer) of
1: ;
2: Call option:~true;

3: Mgmt-fee:=true;
4: begin Mgmt fee:=true; Constraint:=true end;
5: begin Mgmt=fee:=true; Call option:=true end;
6: begin Mgmt fee:=true; call=option:=true; Constraint:=true end;
else answer:=l;
end;

INITIAL_CALCULATIONS(Arithmetic);

LATTICE_DEVELOPMENT;

i:=i-l;
{i=totalsteps}

LATTICE REGRESSION}

YEARLY_BORDER_CONDITIONS(T,i);

i:=i-l;
{i=totalsteps-l}

{first border conditions}

while (i>=O) do
begin

j:=O;
while (j<=i) do
begin

{discount of the value of the company}
tmpl:=lattice[i+l,j+l].V*p;
tmp2:=lattice[i+l,j].V*p1 i



lattice[i,j].V:=(tmpl+tmp2)ja;

if (Mgmt fee) then
begin -
{discount of the management fee}
tmpl:=lattice[i+l,j+l].M*p;
tmp2:=lattice[i+l,j].M*pl;
lattice[i,j].M:=lattice[i,j].M+«tmpl+tmp2)ja)
end;

if (Call option) then
begin -
{discount of the call option}
tmpl:=lattice[i+l,j+l].C*p;
tmp2:=lattice[i+l,j].C*pl;
lattice[i,j].C:=(tmpl+tmp2)ja
end;

j :=j+l;
end;

if (i<>O) then {no cash flow for year O}
begin

if «i mod steps) = 0) then
begin

Y:=i div steps;
YEARLY_BORDE~CONDITIONS(Y,i)

end
end;

i:=i-l
end;

'RESULTS PRINT OUT}

writeln;

YES_NO (printer_text, on printer);

clrscr;

PRINT INPUT(on printer) ;
PRINT=OUTPUT(on_printer);

{writeln('u=' ,u:l0:8);
writeln('d=',d:10:8);
writeln('a=' ,a:10:8);
writeln('p=',p:10:8);
writeln('pl=' ,pl:10:8); }

.nd .

if (not on printer) then
begin -

repeat
until Keypressed;
ch:=ReadKey

end


