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Abstract 
 

This dissertation explores the valuation techniques provided by real options theory through 

applying the technique into assessing the value of investment opportunities and the value of 

company.  

As one of the most prevalent pricing theory, as opposed to traditional DCF approach, real 

option theory takes into account the flexibilities of managing projects when facing the 

uncertain market condition. By excavating the potential value hiding in the project’s option, 

the evaluation of a project will acquire a substantial increase.  Besides, the recent 

development in the real options technique allows the valuation of a company. 

After literature review, which includes the basic concept and types of real options, the core 

option-pricing approaches will be elaborated along with a further discussion of real options 

theory. The main part focuses on the valuation of investment opportunities and the 

assessment on the value of an IT company, Hewlett-Packard Development Company. 

The dissertation mainly uses binomial tree method in estimating the value of investment 

opportunities as well as Black-Scholes model where it is necessary. For the R&D project, 

which needs multi-stage decision-making, the compound option model developed by 

Geske(1979)is applied to assess its value.  
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Chapter 1: Introduction 

. 

1.1 Background 

Every asset, financial as well as real, has a value (Damodaran, 2002). Therefore the 

premise of seeking for the investment opportunities, to some extent, is to identify the intrinsic 

or theoretical value of the target asset under uncertain internal or external environment. 

Besides, the valuation of investment opportunities is also a central issue in the area of 

financial studies. Unfortunately, as Luehrman (1998) indicates, the financial tool most widely 

used to estimate the value of strategy, discounted-cash –flow (DCF), assumes that the 

manager must follow a predetermined plan, regardless of how events unfold. Thus, a better 

approach that is able to take the uncertainty inherent in business and the value of active 

decisions into consideration—— the pricing mechanism of financial options—— has been 

introduced into the valuation of the real asset and business strategy. Advances in both 

computing power and our understanding of option pricing over the last 20 years make it 

feasible for us to begin analysing business strategies and the value of investment 

opportunities as chains of real options. 

1.2 Research Objective  

The purpose of the dissertation is to explore the valuation techniques based on real options 

approach by applying the option pricing models, such as DCF, binomial trees, Black-Scholes 

model, Geske’s two-stage compound options model and Schwart and Moon’s continuous- 

time model,  in assessing the value of investment opportunities under uncertain 

circumstances and the investment value of companies. The main part of this paper is to 

explore the application of real option techniques in project valuation and company valuation, 

to look for the key element that lies in the value of options, and finally get a fair judgment on 

the investment value of a company based on the outcome acquired from the models.  

A set of data for analysing an investment opportunity and a R&D project will be required to 

conduct the research in chapter 4. All financial data used in chapter 5 comes from the 

annual and quarterly financial statement on the firm’s official website of investor relations 

and all data related to the basic information, stock price and relevant statistics and estimates 

of the company is acquired from Yahoo Finance. The long-term growth rate of industry refers 

to Professor Damodaran’s personal website.  
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1.3 Research Structure 

The paper is divided into two main parts: one is the literature review and the introduction to 

option theory, which involves the basic concept of real options and the elaboration of 

important option pricing models; the other part aims to apply the option pricing approaches 

into assessing the value of investment opportunities and the value of a company. 

Generally, the dissertation will focus on the following 4 parts:  

 Chapter 2 will discuss the limitations of traditional valuation models, introduce the 

basic concept of real options and then give an introduction to different types of real 

options. 

 Chapter 3 will focus on the derivation of core option pricing models, which is the 

research foundation of chapter 4 and 5. Besides, in this part, the key assumptions of 

option theory and important properties of financial options will be elaborated and 

demonstrated. In addition, a further discussion of real option theory and its difference 

from financial options will be shown.  

 Chapter 4 will value an investment opportunity and a R&D project based on designed 

data by using the approaches discussed in chapter 3, such as DCF, binomial trees, 

B-S model and Geske’s model. 

 Chapter 5 concentrates on analysing the investment value of Hewlett-Packard’s 

stock through Schwart and Moon’s continuous-time model and Monte-Carlo 

simulation. The research of this part is based on the financial statement announced 

on the official website of HP and other relevant data is obtained from Yahoo Finance. 
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Chapter 2: Literature Review 

2.1Limitations of Traditional Valuation Model 

Traditional valuation method determines whether to invest in a project or build a new factory 

by calculating the difference between the present value of the expected cash inflow and the 

present value of the stream of expenditures required during the production or construction 

process (NPV). If the difference is greater than zero, the project will be accepted and 

launched.   

However, as Dixit and Pindyck(1994) point out, issues, such as the estimation of the 

expected steam of profits from the project, the treatment of inflation rate and the selection of 

discount rate, which are important topics in capital budgeting, are overlooked when simply 

applying  NPV. The basic principle of NPV is simple: calculate and see whether it is positive. 

The model used to calculate PV is known as the DCF (discounted cash flow) valuation: 

   ∑
  

      

 

   

 

Where  

PV= present (market) value; 

  = forecasted incremental cash flow after corporate taxes 

T= project life (   includes any salvage value) 

r= the opportunity cost of capital, defined as the equilibrium expected rate of return on 

securities equivalent in risk to the project being valued 

Some implicit assumptions of NPV valuation method, as Dixit and Pindyck (1994) indicate, 

has also been neglected when applying in reality.  First, the NPV valuation assumes that the 

investment is reversible, which means it can be undone and when market circumstances 

turn out to be worse than originally anticipated the expenditures can be recovered. Second, 

if the investment is irreversible, management will face the problem that if the firm does not 

undertake the project immediately, it will never have the chance to invest in the future. 

However, as Trigeorgis (1996) points out, in reality, irreversibility and the possibility of delay 

are crucial factors when making investment decisions. The neglect of them, as Hayes and 

Garvin (1982) criticised, will lead to the misperceptions of uncertainties and the myopia of 

investment choice and thus result in systematic bias against long-term investment. Thus, 
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managers using DCF techniques tend to avoid those long-term projects which have negative 

NPV but will bring potential growth opportunity to the firm.  

Besides, in early research, Myers (1977) has found that conventional DCF valuation ignores 

the growth options derived from sequential follow up investment decisions, which means this 

capital budgeting technique lacks the ability of capturing the actual value of contingent 

investment. In addition, Myers (1984), who views the growth opportunities as options that 

may contribute more value to the project than direct cash flows, illustrates that when 

evaluating projects including growth options or intangible assets (e.g. R&D), the practical 

value of traditional DCF is so limited because of its neglect of the value created by the 

flexibility of operating, such as. 

Moreover, Magee (1964) deems that given that the optimal decisions depend on the firm’s 

reaction and decision on subsequent stochastic events in the future, management flexibility 

must be taken into consideration. Kester (1984) also suggests that the traditional capital 

budgeting method should be expanded by seriously analysing the real investment 

opportunities, such as the opportunity to alter production scale or the opportunity to wait for a 

better market condition. Furthermore, Copeland and Antikarov (2001) point out that the 

option to switch use will also bring substantial benefits to the project and the value of this 

flexibility cannot be reflected by simply calculating traditional NPV. According to Mason and 

Trigeorgis (1987), the main problem with traditional budgeting approach is its flaw in valuing 

the asymmetric claims resulting from management flexibility which can properly be analysed 

by regarding the investment opportunities as packages of real options through the technique 

of Contingent Claims Analysis (CCA, which will be discussed in detail in chapter 3). 

 

2.2 An Introduction to Real Options 

In the previous section, it can be seen that the neglect of uncertain exterior factors in market, 

the character of irreversibility and the possibility to delay, and management flexibility of a 

project has jointly made up the limitations of traditional DCF valuation approach. Therefore, 

an increasing number of decision scientists and corporate practitioners have been 

dissatisfied with such existing model of investment valuation which assumes that cash flows 

will be generated as expected and the firm tends to maintain a static operating strategy till 

the end of the project. 

As Trigeorgis and Mason (1987) point out, in reality, due to the uncertainty and competitive 

interactions within the market, cash flows generated are probably different from what is 

originally expected by the manager.  Such uncertainty may require the management to 
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adjust the initial strategy or alter operating scale according to new information and market 

conditions for the purpose of mitigating losses or seizing profitable opportunities. For 

example, the firm may have the flexibility to defer, to expand or contract the production scale, 

to shut down temporarily, to abandon and acquire the salvage value, and to change to other 

operating strategies at various stages. 

Such managerial flexibility is analogous to financial options. “An option is defined as the right, 

without an associated symmetric obligation, to buy (if a call) or sell (if a put) a specified asset 

(e.g. common stock) by paying a pre-specified price (the exercise or strike price)on or before 

a specified date (the expiration or maturity date)”(Trigeorgis, 1996, p69).  

If the underlying asset is a financial asset (e.g. common stock), the option is a financial 

option. If the underlying asset is extended to non-financial assets, as Myers (1977) proposed, 

the option then can be called “real options”.  Based on the definition of financial options, 

Copeland and Antikarov (2001) provide a precise statement of real options: “A real option is 

the right, but not the obligation, to take an action (e.g., deferring, expanding, contracting, or 

abandoning) at a predetermined cost (the exercise price), for a predetermined period of 

time-the life of the option” (Copeland and Antikarov, 2001, p5). 

As Myers (1977) indicates, the real options approach applied in investment valuation actually 

provides a bridge between financial theory and strategic planning.  Real options, Borison 

(2005) deems, refer to the application of option pricing theory to value investment 

opportunities in real assets where much of the value is attributed to flexibility and learning 

over time. 

2.3 Types of Real Options 

Trigeorgis (1996) points out that after the Second World War, capital budgeting and strategic 

planning emerged as two complementary but distinct systems in resource allocation. What is 

interesting is that Myers (1984) regards the two systems as “two cultures looking at the 

same problem”, as capital budgeting, based on DCF techniques, tends to focus on 

measurable cash flows rather than intangible strategic benefits from developing competitive 

advantage and making appropriate adjustments according to the timing and riskiness of 

these cash flows. It can be seen that according to the system of strategic planning, the 

intangible strategic advantage instead of tangible cash flows brings additional value of a 

project. But what kind of options exactly can bring such intangible advantages to the project 

or plant and thus need to be analysed seriously?    This is what is going to be discussed in 

this section.  
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2.3.1 Option to Defer Investment   

It is one of the most common options among others. The essence of option to defer is a call 

option. The advantage provided by this option, according to Brealey, Myers and Allen (2006), 

is providing the opportunity to wait for a better market condition or to learn new knowledge 

and useful information, which will influence the value of the project, before investing. The 

decision on whether or not invest in the project depends on the fluctuation of the price (no 

matter act as cost or sale price) before the expiration date. If the product price increases 

sufficiently, management will make the decision to invest the original outlay   ; if the price 

goes towards the opposite direction, the firm has the flexibility to cancel the investment, 

which enables the firm to save the planned outlays. Thus, according to Trigeorgis(1996), 

before the expiration date, the option to defer will be              which is analogous to an 

American call option on the gross present value of the completed project’s expected 

operating cash flows, V, with an exercise price equal to the initial outlay,   .  

A firm with an option to defer investment and benefit from the resolution of uncertainty about 

the price factor (e.g. the decrease of the cost material or the rise of the sale price of the 

product) can be regarded as being given a license granting the right to defer undertaking the 

project during a period (e.g., to build a new plant or to construct a new production line).  

Trigeorgis (1996) argues that to value the option to defer is analogous to pricing the 

investment opportunity provided by the license with which management has the flexibility to 

defer undertaking the project and hence maintains the right to benefit from beneficial random 

movement and avoid being hurt by unfavourable market circumstances. Copeland and 

Antikarov (2001) deem that such asymmetric obligation to invest creates the value of the 

flexibility, because an option (the flexibility) to defer the project will only be exercised when 

the project value next year turns out to exceed the investment cost at that time, which 

translates into the right to choose the maximum of the difference between the project value 

and the required investment or zero. According to Trigeorgis (1996), the payoff structure can 

be illustrated by a binomial tree as follows:  

                , with probability of q 

      

                , with probability of 1-q 

Year 0                                                           1 

(  ,    :  the gross value of the project if the market moves up or moves down   ;     : the 

requied outlay of the next year) 
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Under the risk-neutral assumption, the value of    can be expressed as follows: 

    
           

   
 

(r: the riskless rate  ; p: risk-neutral probabilities) 

It can be found that the value of the investment opportunity does not explicitly contain the 

actual probabilities, q. Instead, it is expressed in terms of risk-neutral probabilities, p, which 

allow expected values to be discounted at the riskless rate. 

Copeland and Antikarov (2001) describe the application of this option in a coal deposit, 

where, with a land lease in hand,  the investment on the mine is the exercise price and the 

price of the coal is the payoff of the option.  Such option provides the holder with the right to 

wait until the market moves up and acquires the maximum profit. 

To sum up, this option is mainly used in natrual-resource extraction industries and real 

estates, and offers the opportunity to defer a project. In essence, it is a call option which 

could be either American options if the opportunity is available during a period of time, or 

European options if the chance is only available at a fixed date in the future.  

 

2.3.2 Option to Expand 

The essence of the option to expand is also a call option. After the project is launched, the 

firm then has the flexibility to expand the operating scale to accelerate the rate of production 

if the demand in the market is higher than originally anticipated. Suppose that management 

decides to expand the scale of production by x% at the expense of    , which is analogous to 

a call option to receive a floating cash flow of x% of the base-scale of project with an 

exercise price of   . Then management has the flexibility to maintain the same scale and 

acquire the project value, V, at maturity date, or to increase the scale by x% and receive a 

cash flow of            at the end of the year. According to Trigeorgis (1996), that is, 

                                     (Expansion option) 

With 

                       

                       

(                                                                                  ) 
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Thus, the investment opportunity of expanding can be viewed as the initial-scale project plus 

a call option on a growth opportunity in the future (Myers, 1977). The option to expand will 

be exercised if there is a favourable turn in the market, but will be left unexercised if the 

market moves towards another direction.  The value of the investment opportunity can be 

expressed as following: 

   
           

   
    

As mentioned above, the option to expand enables a firm to capture future growth 

opportunity. As Trigeorgis (1996) indicates, the option that can provide the firm with future 

growth or expansion opportunities, such as buying a vacant land or building a negative NPV 

plant in a totally new location to take advantage of a developing market, play an important 

role in the strategic planning of the corporate and thus has value that is of great significance 

to investment decision. 

2.3.3 Option to Contract 

The essence of option to contract is a put option. Unlike the option to expand, which is 

valuable when future market developments are favourable, the option to contract aims to 

forgo fixed large expenditures in the future by reducing the scale of a project in case the 

product is not well accepted in the market.  Suppose in one year, a firm has the option to 

invest    to maintain the scale of production, V, or reduce the scale to      by making a 

lower investment. Therefore, the selection between the two options has been changed to the 

choice between two cash flows: 

                                               (contract) 

(  =      ) 

Thus, it can be seen that the option to contract is the cash flow from maintaining the scale 

plus a put option on the behaviour of contracting with an exercise price equal to the 

difference between the outlays based on distinct scales. The investment opportunity is then 

worth 

              

   
   , which is the same as that of option to expand. 

Analogous to the option to expand, the option to contract is valuable especially when 

introducing new products to uncertain markets. The flexibility to contract, according to 

Trigeorgis(1996), enables the firm to plan in advance to face the possible stagnant market 



 

9 
 

by building a plant with lower initial construction cost and higher maintenance cost to acquire 

the privilege to contract the production by cutting down on large maintenance expenditures.  

 

2.3.4 Option to Shut Down 

In reality, if, due to the market condition or inner problems of the firm, cash inflows are not 

sufficient to cover the variable expenditures generated from the next period of operation, 

management may find it preferable to shut down the production for a period of time. Thus, 

management has the flexibility to operate in a given year and obtains the projects value (net 

of the fixed cost, FC) minus relevant operating cost (OC) or shut down and receives the 

project’s value minus the cash revenue: 

                    

                 

It can be seen that the option to shut down enables the firm to choose the minimum one 

between the costs of maintaining operation when the market condition is favourable and 

cash revenues when circumstances become unfavourable and management choose not to 

operate. The value of the investment opportunity is then              

   
   . 

One point that should be noticed, as Trigeorgis (1996) points out, is that the option to shut 

down is distinct from permanent abandonment of the project, because after a temporary 

shut-down, management has the flexibility to restart operations if the market turns favourable 

or remain temporarily shut if the market moves down again.  

2.3.5 Option to Abandon for Salvage Value or Switch Use 

As market circumstances change and as the prices of input and output or other production 

factors fluctuate, to achieve the maximum profit of the project, managers may find it 

beneficial to alter the current operating model by using a cheaper input to replace the 

original one or switching to a more profitable output or to simply dispose the project in 

exchange for the salvage value which is more valuable than the profit brought by continuing 

operating (Myers and Majd, 1990).  Kulatilaka (1993) examines the option to switch between 

two different energy forms in running a plant. Trigeorgis(1996) summarises that the option to 

abandon for salvage or switch use involves the trade-off between the maximum of the 

project’s value in its present use, V, and  the value of its best alternative use, A(in other 

words, its opportunity cost), which can be expressed as            . 
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In essence, as Myers and Majd (1990) indicate, the option to switch or abandon can be 

analysed as American put options, if the cash flow from the alternative option is fixed. The 

option to switch use can be applied to new-product introduction in a market with large 

uncertainty especially when the cost of switching between alternative uses is sufficiently low 

or it is feasible to trade the project in the second hand market (Trigeorgis, 1996). 

Besides, Dixit and Pindyck (1993) point out an interesting link between the option to 

abandon to obtain a termination value and the option to defer: abandoning the project and 

acquiring its salvage value is analogous to an immediate investment while continuation 

means the firm chooses to defer the project. 

2.3.6 Time-to-Build Option 

The essence of option to default is a compound option. This type of option is also called 

timing option (Hevert, 2001), which, as Majd and Pindyck (1987) point out, mainly contains 

the following characteristics: 

(i) investment decisions and cash outlays happen sequentially over time, instead of a 

one-time expenditure;  

(ii) projects take time to complete; 

(iii) the project cannot generate cash flows before it is completed. 

When the project has several stages, then the holder has the right to abandon at any stage if 

the new information is unfavourable, which implies that the essence of option to default (or 

time-to-build option), in terms of the type discussed above, is the compound option of an 

abandon option on an abandon option(Hull, 2012).  

Trigeorgis (1996) calls it option to default on planned cost “instalments”, as he views  

investment outlays at different stages as a sequence of investment ”instalments”  and each 

instalment, , he deems, represents an exercise price that is paid to acquire the subsequent  

options. Thus, this option is of great importance to the industries highly related to R&D 

projects, especially pharmaceuticals and log-term capital intensive projects. Schwartz and 

Moon (2000) claim that the real option model used to price R&D project can be extended to 

a sequential process. 

 

2.4 Summary  

This chapter gives an introduction to the limitation of traditional DCF valuation method, and 

based on this illustrates the practical value of real options approach in valuing management 

flexibility and investment opportunities. The main part of this chapter focuses on the 
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description and discussion of the types of some primary real options including their natures 

and applications. The types according to the illustration above can be classified as following.  

Table 2.1 The Classification of Real Options 

Type of real option nature Initial Investment 

Option to defer Call options No 

Option to expand Call options Yes 

Option to contract Put options Yes 

Option to shut down Put options Yes 

Option to switch use Put options  Yes 

Option to default Compound call options  Yes 
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Chapter 3: Option-Pricing Models and Real Option Theory 

3.1 Basic Assumptions of Option Pricing and Rational Properties  

Before introducing pricing models, it is necessary to have a look at the assumptions based 

on which the models are developed and the properties of option itself.   

3.1.1 Important Assumptions 

Generally, the mainstream option pricing theory is assumed to follow these three hypotheses: 

1. Risk-neutral assumption 

2. The movement of the price of stock and assets follow Wiener Process. 

3. There are no arbitrage opportunities existing in the market. 

Standard assumptions which are also very prevalent in other pricing theories (e.g. CAPM) 

1. Frictionless markets (for stocks, bonds, and options), which implies that there are no 

transaction costs, no restrictions on short sales,  that all shares of all securities are 

infinitely divisible and that borrowing and lending are unrestricted. Besides, the 

frictionless market allows continuous trading. 

2. Short-term riskless rate is constant. 

3. There are no taxes. 

3.1.2 Eleven Basic Properties of Options 

To obtain a basic and quick understanding of the characters of options, 11 fundamental but 

vital properties are illustrated as below. 

1. The value of options is non-negative, e.g.  

           (American call options) 

           (European call options) 

           (American put options) 

           (European put options) 

where S is the price of assets,   is time to maturity and E denotes exercise price. 

As Trigeorgis (1996) points out, options have limited liability because they will only be 

exercised when exercise can bring the holder positive cash flow. 

2. At maturity date, the value of an American option is equal to the value of a call option, and 

is worth  
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So is the put option:  

                              

3. To remove the arbitrage opportunity, the price of an American option must be at least 

equal to the exercise price: 

                     

                     

4. Since an American option provides all the rights that the European option can offer plus 

an additional right of early exercise, it is priced at least as much as a European option on the 

same underlying asset: 

                  

                  

5. The value of a call option increases when the exercise price rises :( for call only) 

                    

                           

6. The value of an American option rises while time to expiration increases: 

                            

7. A call option will never exceed the price of its underlying stock(for call only) 

           

(From 6 and 7, it can be deduced that                    ) 

8. Suppose there are two portfolios, A and B: 

Portfolio A: The investment contains a European call          and E bonds at the price of 

     each, where           is the price of a riskless pure discount bond paying £1in   

years. 

Portfolio B: Buy the stock for S 

Then at maturity time: 
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Table 3.1 Portfolio A and B 

 A B 

If                   S 

If       S 

 

It can been found that A always performs better than B, which means                 .  

Therefore, a call option is worth at least as much as the stock price minus the present value 

of the exercise price: 

                        

From 1, 4 and 8, and since                

It can be acquired  

                                              

9.  An American call without dividends will never be exercised before expiration and thus 

should have the same value as an identical European call: 

                  

(Proof: According to 8,                     , the American call will never be exercised 

early because its value is always larger than the gains from exercise before the maturity date) 

10. A perpetual call option on a non-dividend-paying stock has the same value as the 

underlying stock, 

           

(Proof:
                                                    

                         } ⇒           ) 

11. Put-call parity: 

                          

Proof: Consider a portfolio containing a non-dividend-paying share, 1long put option and a 

short call option on the share. Therefore, the current value of the portfolio (suppose time to 

maturity is  ) is  
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The value at expiration date 

                                                       

As pointed in 3.1.1, in a non-arbitrage market all assets earn the risk free rate, discount the 

value at risk-free rate to the initial time 

         

Thus  

                             

Since          , the equation above is 

                             

(See also Oliver’s(2013) teaching notes.) 

 

3.2 Models of Option-Pricing 

3.2.1 Binomial Tree Model (Discrete Time) 

Given the difficulty of mathematics that is used by Black, Scholes and Merton to derive the 

price of options, Cox, Ross, and Rubinstein (1979) found that the price of an option can be 

calculated by using elementary mathematics and do not need to know the probability that the 

price of underlying assets will go up or fall down. Such method is known as binomial pricing 

or as the multiplicative binomial process over discrete-time period. As Cox, Ross, and 

Rubinstein (1979) suppose, the rate of return on the underlying asset over each period could 

have two possible values: (d-1) with the probability of q if the market moves up or (d-1) with 

the probability of 1-q if the market moves down. Therefore, assume the current price of the 

asset is S, then the value will be either    or    at the end of the period. This result can be 

expressed as the following binomial tree diagram: 

 

                      

  

                        

One point that should be noticed is that the whole derivation process is based on the 

assumptions listed in 3.1.1.  
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To value an option on the underlying asset in one period, it is necessary to let C be the 

current value of the option; let    and    respectively be the value of the call in the situation 

of the asset price going up to    or going down to   . Thus, if the exercise price is E, at the 

end of one period T, it can be seen that  

                                  

  

                                    

Hull (2012) considers a portfolio that contains    shares of stock (  ) and a short position in 

a call option. 

     

To make the portfolio riskless, it is necessary to calculate the   that makes the returns of the 

portfolio on both states (up and down) having the same final value.  That is 

               

And 

  
     

      
 

From the equation above, it can be seen that   is the ratio of the change in the price of the 

option to the change in the price of underlying asset. 

Under the assumption of no arbitrage opportunities in the market, the portfolio must earn the 

risk-free interest rate, which is  

    =(            

Or 

                     

Substituting for  , then obtain 

   (
     

      
)                  

Rearrange the equation 
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If let 
     
   

  , it can be acquired 

                    

The equation above is the one step binomial tree.   

As Hull (2012) points out, this is an application of risk-neutral valuation, a very important 

valuation method in pricing derivatives, which assumes that investors are risk-neutral (they 

have no preference on extra expected return for extra risk). A world where investors are risk-

neutral is called risk-neutral world and generally it has two features: 

1. The expected return on any investment should be the risk-free rate 

2. The rate used to discount the expected payoff from an option or other financial instrument 

is the risk-free rate. 

Such features, according to Hull (2012), are especially useful in dealing with the difficulty of 

evaluating the risk version of investors, and as Trigeorgis (1996) indicates, simplify the 

problem of valuation when the discounted rate in the real world cannot be precisely identified.  

From the equation and statement above, it can be found that the value of the option today is 

its expected future pay-off in a risk-neutral world discounted at the risk-free rate with 

parameter    as the probability of an up movement in a risk-neutral world and     as the 

probability of a down movement in the world. 

The above valuation process, as Cox, Ross, and Rubinstein (1979) show in their article, can 

be extended to multiple periods by subdividing the time to expiration of the option  , into   

equal sub-intervals. By starting at the expiration date and working backward, the general 

binomial pricing formula is  

  
∑   

         
                           

   

       

Based on binomial distribution, the first half of the equation, 
  

        
           , gives the 

probability that the stock will take   upward jumps in   steps, each with risk-neutral 

probability p. The latter half,                  , represents  the value of the option at 

maturity date after    ups of u% and       downs of d%. 
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Finally, the binomial option-pricing formula can be written as  

             
 

   
         

Where   is the complementary binomial distribution function (giving the probability of at least 

  ups out of   steps) 

where          ∑   
        

           
   ,    (  

   
)  , 

 

3.2.2 Black-Scholes-Merton Option Pricing (Continuous Time) 

As Brealey, Myers and Allen (2006) point out, the binomial methods, described above, is a 

simplified approach to option valuation which reduces the possible states of changes in 

stock price in the next period to only two discrete values. Since the binomial tree approach 

analyses the changing process of stock price in this way, Trigeirgis (1996) views the tree 

method as the discrete-time analysis. However, in reality, the possible distribution of the 

change in the stock price cannot be represented by only two outcomes. Instead, as Black 

and Scholes (1973) suppose in their article, the movement of stock prices follows a 

continuous-time stochastic process, Wiener Process, a particular type of Markov process 

with a mean change of zero and a variance rate of 1 per year. According to Hull (2012), if 

variable      follows a Wiener process, changes in z over a small time interval,   , should 

have the following two properties: 

Property 1. The change     over small period of time,   ,  satisfies  

    √   

  Where   follows the standardised normal distribution      , which means 

                          √    

Property  2. The values of     over any two small time intervals,   , are independent, which 

implies that z follows Markov process,  a type of stochastic process where only the current 

value of a variable is relevant for predicting the future (this is also consistent with the weak 

form of the efficient market hypothesis). 

Nevertheless, although the stock price can be assumed to follow the Markov process, 

Trigeorgis (1996) explicitly point out that price changes are clearly not normally distributed. 

Instead, they are more likely to follow log-normally distribution, which means the natural 
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logarithm of price follows the Wiener process. In continuous time, when     , a 

generalized process can be expressed as following  

                      , 

  : the increment of the standard Wiener Process with mean 0 and variance dt 

      ,        : the drift and variance efficient expressed as functions of the current state and 

time.  Such continuous-time stochastic process is called an Ito process, with mean and 

variance as follows: 

                               

If we let                            (         are constants), then the geometric 

Brownian motion with drift is shown below 

             

where   is the instantaneous expected return on the stock,   is the instantaneous standard 

deviation of the return. 

To further accurately estimate the movement of stock price within an extremely short period, 

it is necessary to introduce a function,      , of an underlying asset S and time t, with S 

following the Wiener process. Thus, based on the Taylor Expansion of multivariate function, 

a more precise measurement of price change can be expressed asbelow 

   
  
  

   
  
  

   
 
 

   
       

   
    

     
 
 

   
          

Substitute for               (discrete-time model of Brownian motion) and notice that  

                               
 
  

                 →                                      

which demonstrates that the term     has a component that is in the order of    and hence 

cannot be ignored. Therefore, in the limit, as higher-order terms disappear, 

   
  
  

   
  
  

   
 
 

   
           

This equation is also called Ito’s lemma. 

As the price of a call option,        , which follows the Wiener process, can also be 

measured by the above equation,                , the Ito’s lemma can be applied in 
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deriving Black-Scholes partial differential equation. Review the riskless portfolio constructed 

in the binomial case,     . Suppose the portfolio       (B is an asset that earn 

riskless return), we can obtain           with     
  ⁄  (  measures the rate of 

change of derivative value with respect to changes in the value of the underlying (Oliver, 

2013)). 

By applying the Ito’s lemma of dC 

  
  

   (
  
  

   
  
  

   
 
 

   
          )     

Then 

 (
  
  

   
 
 

   
          )     

It has been set that the asset B earns risk-free return, thus          . Substitute for 

      , it can be got 

              

or 

    
  
  

         

Equating the two equations for dB, 

 (
  
  

   
 
 

   
          )      

  
  

         

Rearrange the above equation 

 
 

   
         

  
  

 
  
  

        

Besides, notice that there are upper and lower boundary conditions. The price of a call 

option,        , must be subject to 

        
 

        

                

which have already been demonstrated in 3.1.2.  
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Black and Scholes (1973) solve the above partial differential equation and acquire the 

famous Black-Scholes Model  

                           

Where 

   
  ( 

 )           

 √ 
 

   
  ( 

 )           

 √ 
 

N(·)is the cumulative standard normal distribution function. 

By applying put-call parity, we get the price of a put 

                               

①r is the riskless interest rate, which is a constant in this model 

②  is the current value of the underlying asset  

③  is the life to expiration of the option 

④E is the exercise price of an option 

⑤  measures the volatility of the underlying asset, which is constant in this model 

⑥          is the price of a call, with an exercise price E and time to maturity  , in a risk-

neutral and non-arbitrage opportunity market 

⑦          is the price of a put, with an exercise price E and time to maturity  , in a risk-

neutral and non-arbitrage opportunity market 

 

3.2.3 Geske’s Compound Valuation Model (Continuous Time) 

Compound option, just as its name implies, are options on options. Black and Scholes (1973) 

proposed a point of view that most corporate liabilities, to some extent, can be viewed as 

options. Furthermore, they also discussed the pricing of common stocks when regarding the 

equity as the option on the value of the corporate and indicate that the common stock of the 

firm with outstanding coupon bonds can be considered a compound option.  A formula has 

been derived by Geske(1977) to value subordinated debt as a compound option.  At the 
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same time, Myers (1977) suggested that if investment opportunities are viewed as option, 

then the common stock is still a compound option. Trigeorgis (1996) deems that in reality, 

management and investment decisions are made sequentially, which means the decision of 

investment in the next stage depends on the operating result of this phase.  Such sequential 

decisions are made in the form of compound options and hence can be analysed by the 

approach of pricing compound options.   

Normally, a two-stage compound option has two exercise price and two maturity date. For 

example, considering a call on a call, on the first maturity date  , the holder of a compound 

option has the right to pay the exercise price    to acquire a call option which entitled the 

holder to pay another strike price    to receive the underlying asset on the second maturity 

date,   .  The compound option will be exercised on the first maturity date only when the 

value of the call option on the firm’s asset exceeds the first exercise price. 

Based on the above principle, Geske (1979) regards a common stock as the call option on 

the firm’s asset and a call option on the stock as a compound option on the value of the firm. 

Here the debt holder is the owner of the firm and the stock as an option entitles the 

stockholders to buy the asset back at the maturity date of the debt.  

The call option on the stock is the compound option on the firm’s asset, which can be 

expressed as                     . By means of this, the pricing of a compound option 

has transformed the original condition,               to a more complex relationship 

                       (D is the value of the debt.).  This compound option will be 

exercised only if firm’s value,  , satisfies the condition of 

                        

By constructing riskless hedge portfolio, as what has been done in deriving Black-Scholes 

model, Geske(1979) acquires two partial differential equations: 

  
  

    
  
  

   
 
 

   
                                                          

  
  

    
  
  

   
 
 

   
                                                 

As Geske (1979) indicates, the solution of equation 1 depends on the solution to equation 2, 

because its boundary condition hinges on the result of equation 2. Based on the equation 1 

and 2, and their boundary conditions, Geske (1979) has solved the value of compound call 

option as following: 
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     (      √    ⁄ )           (      √    ⁄ )                 

Where 

   
  (  

  )       
      

 √  
         √   

   
  (  

  
)       

      

 √  
          √   

The           is the cumulative bivariate normal distribution expression that the first variable 

will be less than a and the second will be less than b when the coefficient of correlation 

between the two is  .    is the critical value of asset at which the compound option can be 

exercised. 

As Geske (1979) indicated, this compound option pricing equation is acquired on the basis 

of the following assumptions: 

①the security markets are perfect competitive 

②unrestricted short sales with full use of proceeds is allowed 

③risk-free interest rate is known and constant over time 

④changes in the value of the firm follow a random walk in continuous time with a variance 

rate proportional to the square root of the value of the firm 

⑤ investors agree on this variance   
  

⑥ the firm has no pay-outs 

⑦ trading takes place continuously in time 

The pricing method of compound options, according to Trigeorgis(1996), are especially 

useful in valuing a chain of interrelated projects, the earlier of which are prerequisites for the 

ones to follow. Therefore, the relationship between compound option theory and real option 

can be summarized as follows: if an option whose payoff is another option, it is classified as 

a compound option; if an investment opportunity whose reward is another investment 

opportunity, then the compound option pricing theory may provide an approach to value 

such opportunity. In the next chapter, Geske’s compound option pricing model will be viewed 

by applying to estimate the value of a R&D project. 
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3.2.4 Monte-Carlo Simulation Method 

The Monte Carlo simulation method has a long history and is originally developed to deal 

with some calculation problems in nuclear physics (Dowd, 2005). In recent decades, the 

simulation has been introduced in the area of finance. According to Hull (2012), Monte Carlo 

simulation generates random numbers to sample different paths to estimate the value of a 

derivative. The method suits for valuing derivatives the payoff of which cannot be simply 

caught by gathering the information from the history of the underlying variables. Moreover, 

variables in the model are typically assumed following general stochastic processes, such as 

Brownian motion, as in Black and Scholes (1973), or jump diffusions, as indicated by Cox 

and Ross (1976) and Merton (1976).  

The simulation process has some specific steps.  The first is to select a sampling procedure 

for the stochastic variables of interest. Then n likely paths are simulated for the underlying 

assets based on the risk neutral assumption. After that, calculate the payoff for each path 

and average it to acquire the expected value. Finally, the payoff is discounted to obtain the 

value of the derivative. 

The advantage of Monte Carlo simulation is that it could get the nearly same answer as with 

those rigorous formulas and suits for the situations that no formulas are available.  However, 

as Hull (2012) indicates, the simulation also has the imperfection aspect of time consuming 

and cannot be directly applied to value American options. Rubinstein (1981) summarise the 

circumstances that is appropriate for Monte Carlo simulation: the acquisition of data is 

impossible or too costly; no relevant mathematical formula is available; the observed system 

is too complex; the acquisition of analytical solution is difficult.  

3.2.5 Schwart and Moon’s Model (Continuous Time) 

The discrete approach, binomial tree model, is good at valuing the project with identifiable 

investment opportunities. However, to estimate the value of a company that is made up of 

potential growth opportunities and value of existing assets, such method will need a great 

amount of calculation and hence might not be appropriate. Schwartz and Moon (2000) 

developed a continuous-time model to value the stock price of Amazon.com by applying real 

options theory and capital-budgeting techniques. The basic idea of the model is to establish 

the process of the movement of variables on the basis of stochastic differential equation, 

during which the model takes into account the growth of the company and introduces the 

mean-reverting process to describe the characteristics of reversion in some relevant 

variables. For simplicity, the approach utilises the discrete functions to calculate and by 

running thousands of times of Monte-Carlo simulations acquires the possible distribution of 

the company’s value. 
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According to Schwartz and Moon (2001), the model contains six state variables, three of 

which, revenues, expected growth in revenues and variable costs, follow Brownian motion 

and only the uncertainty in revenues is assumed to have a risk premium related to the  of 

the stock, while the other three, loss-carry-forward, cash balances and accumulated PPE 

(Property, Plant and Equipment) are the variables not influenced by stochastic process.   

Thus the value of the stock at any time is the function of the above six variables: 

                   

Where R represents revenues,   represents the expected growth in revenues,   is the 

variable costs, L is the loss-carry-forward, X represents the cash balances, P is the 

accumulated PPE and t represents time. By applying Ito’s Lemma,  the dynamics of the 

stock value can be obtained as following 

                                       
 
        

 
        

 
       

                         

In the following section, the derivation process of Schwart and Moon’s model will be 

unfolded. 

3.2.5.1 The Derivation of the Continuous Time Model 

First, they consider a company with instantaneous rate of revenues (or sales) at time t given 

by R(t) and assume the dynamics of the revenues follow geometric Brownian motion: 

   
     
    

                

Furthermore, they refer to the Inter-temporal Capital Asset Pricing Model of Merton (1973) 

and indicate that the risk adjusted processes for revenues should be acquired from the 

following equation: 

   
     
    

                      
  

Where      is related to the covariance between the revenue and the revenue in market 

portfolio,   
 is a random variable that follows the normal distribution, and       represents the 

expected growth in revenues. Dixit and Pindyck (1994) pointed out that although the stock 

price or growth rate of the company is often modelled as geometric Brown motions and in a 

short period they may fluctuate randomly up and down, in the long run they tend to revert to 
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the long-term average drift  ̅  (mean-reverting process). In terms of this, the differential 

equation of expected growth in revenues can be expressed as the following process: 

          ( ̅      )           

Here, K is the speed of reverting which influences the rate at which       is expected to 

converge to the long-term average,  ̅.  
   
 

 is viewed as half time of the deviation, which 

means if the time of growth rate of a company reverting to the average level is half a year, 

then                         . 

The unanticipated change in growth rate of revenue and the unanticipated change in drift 

term,     may interact with each other, but in this model Schwartz and Moon (2001)assume 

the correlation between them is zero: 

                          

The volatility of growth rate in revenues,     , is also assumed to follow mean-reverting 

processes and converge to  ̅ in the long term while the unanticipated change in the growth 

rate,      , is also assumed to converge to zero. 

           ( ̅      )   

                   

The risk premium in revenues depends on the product between the   of the revenue and the 

risk premium of the market.  

                 

The  of the stock can be written as a function of the  of the revenues: 

      
   

  
  

   

 
 
         

  
  

   

 
   

Since the volatility of the revenues changes as time changes and the risk premium is 

proportional to the  of the revenues, it can be set  

         ̅     

According to Schwartz and Moon (2001), the total cost at any time can be divided into two 

parts: the fixed cost and the variable cost that is assumed to be proportional to the revenues. 

                       



 

27 
 

The parameter      of the variable cost in the above equation also follows stochastic 

processes and is influenced by the uncertainty caused by technological developments, 

competitive environment and market share. The differential equation can be expressed as 

below 

            ( ̅      )           

where   , as before, represents the rate at which the variable costs are expected to 

converge to their long-term average. The unanticipated change in the variable cost,      , is 

also assumed to follow mean-reverting processes and converge to the normal level  ̅. 

              ̅          

Then the net income after tax can be defined as  

                                     

where Dep(t) represents depreciation and    is the corporate tax rate which is only paid 

when the net income is positive and the accumulated loss-carry-forward is zero. Thus, the 

dynamics of the loss-carry-forward can be formulated as: 

    {
                          

                                  

The model regards the accumulated Property, Plant and Equipment at time t, P(t),  as a 

function of the capital expenditures of the period, Capx(t), and the rate of depreciation, 

Dep(t). 

                             

Where the capital expenditure, Capx(t), in the above equation is assumed to be the planned 

capital expenditure CX(t) for the initial period  ̅, and is a fraction CR of revenues after that. 

    {
                      ̅

                      ̅ 

Depreciation in this model is assumed to be a fraction DR of the PPE  

                   

For simplicity, the model assumes that the cash flow generated by the operation of the 

company will remain in the company and earns the risk-free rate of interest and will not be 

distributed to shareholders until the amount has reverted to the normal level of the industry. 
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Therefore, cashes available at time t is given by X(t), and the change in the amount of  cash 

over a short time interval can be defined as the risk free rate earnings based on the amount 

of cash available in the last period plus net income in this period and again plus the 

difference between the depreciation and the capital expenditures. 

                                        

Besides, the model has also assumed that the company is going bankrupt only when the 

amount of cash reaches a predetermined amount,   . 

According to standard assumptions described in the previous section, the value of a firm is 

acquired by discounting at the constant risk free rate under risk-neutral measure. Therefore, 

the continuous time real-options model assumes that on the basis of risk neutral hypothesis 

the value of a company is the present value of the firm’s expected value at time T.  In term of 

this, the model divides the value at time T into two parts: the cash balance outstanding and 

the growth value brought by continuous operation, which is assumed to be a multiple of 

EBITDA (earnings before interest, taxes, depreciation and amortization). 

                                        

3.2.5.2 Discrete Version of the Model 

However, as Schwartz and Moon (2000) indicate, the continuous model constructed above 

is path dependent, which means the cash available at any time t is influenced by the amount 

of each previous period. For example, the cash amount determines whether the bankruptcy 

is triggered, and the accumulated loss-carry-forward and the depreciation tax shields 

determine the amount and time of paying the corporate taxes, all of which are path 

dependent. Thus, it is necessary to use Monte-Carlo simulation to solve such path 

dependence.  

To apply the simulation, Schwartz and Moon (2001) assume that all the mean reversion 

coefficients are equal and take the value of the half-life of the deviations in the growth rate of 

revenues. To implement the simulation the following discrete version of the risk-adjusted 

processes is used. 

                  [      ̅          
 ]       √     

 

                      (       ) ̅  √        
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                      (       ) ̅  √        

  
       

where 

                 ̅         

                

                 ̅         

Here,          are variables that follow standard normal distribution, and there are no 

correlation between any two of them. When generating random values by applying 

simulation, substitute for the corresponding value, and the initial values of   ,    and    can 

be obtained. 

 

3.3 Two Theoretical Cornerstones of Real Option Theory  

In the financial market, options are commonly traded on stocks, stock-index, bonds and 

other fixed-income securities, or currencies in the over-the-counter derivatives market and 

the option pricing theory is also developed based on the demand of valuing these financial 

derivative instruments. However, in the early articles of Black and Scholes (1972, 1973) and 

Merton (1974), they also recognised that the same pricing approach can also be used to 

value other investment problems. From then on, option-like structures were being found in a 

number of other areas and the research about the application of option-pricing approach is 

developed so fast. One of the preceding option-pricing applications that do not involve 

financial instruments is called “real options”, the most developed area of which is investment 

decisions made by firms. The common element that can be found both in option-pricing and 

valuing an investment opportunity is that they both face the uncertainty of the future and the 

uncertainty of the environment, and that the flexibility( or right) that enables them to make an 

decision after such uncertainty is partly or totally resolved definitely has value(Merton,1998). 

For example, in response to the fluctuation of interior and exterior environment, options to 

defer, expand, contract and abandon as described in chapter 2, enable the manager 

flexibility to seek the maximum profit for the company, and hence the existence of these 

options have changed the assessment of the project. In terms of this, option-pricing theory 

provides a theoretical foundation and guidance for assessing such value of investment.  

But how these options improve the value of a project that is traditionally assessed by DCF? 

What factor plays a crucial role in determining the potential value of the investment?  In 
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essence it is the asymmetry that exerts the magical power on those projects which have 

been already denied by DCF method. 

 

3.3.1 Flexibility and Asymmetry 

“The asymmetry deriving from having the right but not the obligation to exercise the option 

lies at the heart of the option’s value (Trigeorgis, 1996, p.4)” 

As was pointed in chapter 1, the main flaw of the traditional DCF techniques is that they do 

not take into consideration the uncertainty of future cash flows and the flexibility of making 

corresponding adjustments according to such uncertainty. Thus, it cannot properly capture 

the potential value of a project and finally leads to underestimation of the true value of an 

investment opportunity.  

The essence is that the flexibility of being capable of making adjustments on the basis of 

future environment introduces an asymmetry or skewness in the probability distribution of 

original NPV that can enhance the value of the investment opportunity by expanding its 

upside potential while limiting its downside space to control losses.  

In other words, by providing a better adaption to the uncertainty in the future, managerial 

flexibility enables the distribution to skew to the right. Without such flexibility, the firm would 

be at the mercy of the downside risk and have no option to limit the loss, or would be 

helplessly seeing an upward tendency in the market but cannot do anything to catch the 

opportunity. Hence the probability distribution of NPV, which, according to Trigeorgis (1996), 

is viewed to be static, is symmetric. That is how the traditional NPV treat the project, 

an ”inert machine”, as Brennan and Trigeorgis (2000) indicate. The comparison can be seen 

from the figure below. 

Figure 3.1 The Distribution of Project without Flexibilities and with Flexibilities 

 

(Resource: Trigeorgis(1996) Real Options: Managerial Flexibility and Strategy in Resource Allocation. MIT Press, pg.123.) 



 

31 
 

The above figure shows that in the absence of flexibility (the left picture) the distribution of 

NPV exhibits a symmetry shape while the right picture, which denotes the project with 

managerial flexibility, has positive skewness that brings an additional value to the project. 

Therefore, such asymmetric distribution has a greater expected value than that of the 

symmetric distribution of the static NPV because of the increment brought by managerial 

operating flexibility and strategic adaptability. Hence the excess part can be viewed as an 

option premium, also regarded as the value of the managerial flexibility (Trigeorgis, 1996). 

Thus, a new “expanded NPV” is required to measure the investment opportunity which 

contains the direct cash flows from traditional static NPV and “an option premium capturing 

the value of the operating and strategic options under active management and interaction 

effects of competition, synergy, and inter-project dependence (Trigeorgis, 1996, p.124).” The 

expanded NPV according to Trigeorgis(1996) is  

                                       

From the statement and figure above, it can be found clearly that it is the option premium 

directly caused by such asymmetry that creates extra value or opportunity for the project. 

In the next chapter, the essence that asymmetry creates value will be further illustrated and 

demonstrated by analysing practical valuation problems.  

  

3.3.2 Risk Neutral Valuation  

Traditional DCF techniques and NPV analysis, as Dixit and Pindyck (1994) point out, use the 

expected rate of return of the project’s twin or similar security as the discount rate to 

calculate the present value of the expected cash flows. The discount rate is typically 

acquired by applying CAPM with the   of the price of its twin security. However, as generally 

it is not very easy to find the so-called “twin asset” in the market, the main shortcoming of 

DCF or DCF-based method (e.g. DTA) is the problem of determining an appropriate discount 

rate. Moreover, as can be seen from figure 3.1, the flexibility of managing the project has 

altered the structure of payoff: the payment which is assumed to follow the normal 

distribution now has got positive skewness, which implies the required rate of return has 

been increased by the option premium. Therefore, although in some situation a constant 

required rate of security comparable in term of risk is available, if we use it to calculate the 

project with operating flexibilities, the value of the option will be overestimated by using an 

underestimated rate. This is why it is not proper to use DCF or DCF-based approach to 

calculate the value of options.  
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In terms of this, risk-neutral valuation is introduced to calculate the value of the flexibility. In a 

risk-neutral world, all portfolios are expected to earn the risk-free rate. The method achieves 

this goal by equating the probable income in an up state with that in a down state and then 

acquires the number of shares invested in the long position,  , that can remove the possible 

difference of income between the two states in the future(as elaborated in 3.2.1). By using 

risk-neutral valuation, all cash flows will be discounted at risk-free rate, which solves the 

problem of identifying an appropriate required rate of return. Just as what Trigeorgis (1996) 

has pointed out, by applying certainty-equivalent cash flows and the certainty-equivalent 

discount rate, any contingent claim on an asset can be priced. This is what risk-neutral 

valuation approach contribute to calculate the value of options. As Merton (1998) points out, 

the creation of the concept of risk-neutral has laid a theoretical foundation for the 

subsequent development of option pricing theory.  

 

3.4 The Difference between Real Options and Financial Options 

Real option theory is derived from financial options. However, because the environment in 

which the approach is applied is substantially different, the relevant properties have also 

been changed. The advantage of option pricing theory is that based on the assumption of 

risk-neutral and non-arbitrage argument, in the process of valuation it is not necessary to 

consider the risk preference of investors. But when applying the pricing theory into the 

investment decision-making, the corresponding deviation caused by such decision should be 

taken into consideration in the application of real option. As Kogut and Kulatilaka (2004) 

point out, instead of viewing real option theory as a “domain extension” of financial option 

pricing techniques, they would rather regard it as a “domain translation”, which means the 

assumptions that make the theory valid in financial option pricing process may apply to the 

real options. The following four points are the main differences between financial options and 

real options that must be considered. 

1. There is no tangible trading market for real options, so is the price. However, financial 

options are standardised contracts, on which the underlying assets are explicitly 

specified, such as common stock, the stock price index, future contracts, bonds and 

exchange rates, so are the amount of assets, exercise price and the maturity date. Real 

options are more like a type of right contained in the project and influenced by the 

specialty of the project. Thus, different projects have different real options, which 

increases the difficulty in recognising them. 

2. Compared to financial options, the elements of real options is not determined. As is 

known, the underlying asset, exercise price and expiry date of financial options are all 
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predetermined. But every element of real options changes with the market condition. 

Furthermore, the volatility of a financial option can be acquired by calculating the 

historical data of the underlying asset unlike real options the volatility of which is difficult 

to obtain. Thus, the uncertainty that exists in the determinants of real options makes their 

value more complex to evaluate. 

3.  There are interactions between real options. In comparison with a single financial option, 

real options are usually combined together and have influence on each other. Thus, 

when evaluating the real options, interaction effects are also regarded as part of the 

project’s value. As Trigeorgis(1996) indicates, when considering the mutual effects 

between real options, the value of a project should be broadly interpreted as 

            

                                       

                                                  

                     

where interaction effects may come from competition, synergy and inter-project dependence. 

4. The exercise of real options may take time. As is known, the financial option can be 

exercised instantaneously and many pricing models are also established on this fact. 

However, in the application of real options the exercise may need operations that do not 

happen in an instant ,which means  the pricing approach needs to take this into account 

and makes adequately adjustment to the model when applying in valuation process. 

 

3.5 Summary  

At the beginning, this chapter introduced the basic assumptions of option pricing theory and 

summarised the properties of options to eleven basic points for people new to option theory. 

Most of the chapter elaborated the derivation of option pricing models, one discrete-time 

model, three continuous-time models and Monte-Carlo simulation. In addition, based on the 

introduction in the previous chapter, section 3.3 further discussed two of the core theories in 

real options: the source of the value in management flexibilities, the asymmetry to exercise 

the option and the foundation of the development of modern option theory, risk neutral 

valuation. The main differences between financial options and real options are listed and 

elaborated in 3.4. In the next two chapters, the above option pricing techniques will be 

applied into the evaluation of projects and companies.  
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Chapter4：The Application of Pricing Models in Project Valuation  

Compared to traditional DCF techniques, which ignore the uncertainty in future cash flows 

and the flexibilities owned by managers to make corresponding adjustments according to 

new information, the real option theory provides much more satisfactory approaches in 

valuing projects by viewing flexibilities to change with the market conditions as a part of the 

potential value of the project. But how do the flexibilities influence the value of project? How 

can the flexibilities be valued? This chapter aims to explore the answer of the above two 

questions by separately valuing the project with option to defer, option to expand, option to 

contract option to abandon at any time and at a fixed maturity time. 

 

4.1 Methodology 

To elaborate the flexibility and explicitly demonstrate the extra value it provides to the project 

and the investment opportunity, this section is going to apply the four-step process of valuing 

flexibility, which is introduced by McKinsey Company (2005), to value a designed case. The 

process is developed based on binomial tree approach and can acquire identical results as 

generated by alternative option-pricing formulas .The four steps are shown below:  

1. Use traditional DCF technique to calculate the present value of the project without 

flexibility. 

2. Use binomial tree to expand the present value calculated in the first step to every 

node and see how the value change under uncertainty over time. 

3. Add flexibilities into the tree and work backward through time.  

4. Estimate the value of flexibility. 

 

4.2 A Numerical Example  

Assume a new project, which requires an initial investment of £ 350 M, can generate a cash 

flow of £100 M every year in the subsequent five years. The risk free rate in the market is 

8%, the volatility of the project per year is assumed to be a constant, 30%, and the expected 

rate of return of a twin asset is 15%.  To fulfil the goal of comprehensively examining the 

value created by the flexibility, suppose the investment gives the company the option to  

1. Defer the project for one year. If the market condition goes up, the initial investment 

£350M, which in the second year is £378M, will be made. 
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2. Expand the project at any time during the subsequent 5 years by making an 

additional investment outlay of £150 M if the market moves up and acquires a 50% 

increase in the value of the project. 

3. Only make an initial investment of £150M. If the market demand grows, the 

remaining £200 M, which is worth £216M in the second year, will be invested. If the 

market goes to the opposite direction, the company will only invest £ 50 M, which is 

£54M in the second year, and then the scale of the project will be reduced to 50%. 

4. Abandon the project and acquires the salvage value £300 M at any time during the 5 

years   

5. Abandon the project and acquires the salvage value of £300 in the fifth year 

6. Exercise either option of expanding or abandoning at any time during the 5 years 

It should be noticed that in this case it is only the uncertainty in the market that determines 

which option is going to be exercised.  

4.2.1 The Value of Option to Defer 

Step 1: Compute the present value of project without flexibility. 

 As assumed before, the project will generate £100 per year in the following 5 years. Thus 

future cash flows discounted by the cost of capital is 

          
   

         

    
           

Since initial investment is £350 M, the NPV of the project is  

                              

which is negative. Therefore, the project without flexibility will never be undertaken. 

Step 2. Expand the present value of the project into a binomial tree. 

Define T as the number of years per upward movement or downward movement takes, 

which is one year in this case, and   as the annualised volatility of the project. The “up” and 

“down” factors u and d in a binomial tree can be determined as the below formula (Oliver, 

2013): 

  
 
 

   √  

Substitute numerical values into the formula: 
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      √         

  
 

      
        

The possible values the project might have for every period are illustrated in the binomial 

tree below: 

Exhibit 1. Project without Flexibility 

£ M          

 t=0 t=1 t=2 t=3 t=4 t=5    

       Underlying asset 

      1502.58 PV=335.22 

     1113.11  Volatility=0.3 

    824.58  824.58 Initial investment=350 

   610.85  610.85  No flexibility NPV=(14.78) 

  452.51  452.51  452.51    

 335.22  335.22  335.22     

  248.33  248.33  248.33 Assumptions   

   183.96  183.96  Risk-free rate=8% 

    136.28  136.28 Cost of capital=15% 

     100.96     

      74.79    

          

  

 

Step 3: Take into consideration the flexibility to invest, determine when to exercise the 

option, and work backward to recalculate the present value. 

As is mentioned before, the company has the option to defer the investment for one year 

and only invest in the upward market. Therefore, add the option into the tree. It turns out to 

be: 
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Exhibit 2. Project with Option to Defer 

£ M          

 t=0 t=1 t=2 t=3 t=4 t=5    

       Underlying asset 

      1502.58 PV=418.99 

     1113.11  Volatility=0.3 

    824.58  824.58 Initial investment 

   610.85  610.85  =378 (year 2) 

  452.51  452.51  452.51 NPV with option to defer 

 418.99  335.22  335.22  =£68.99M   

  NE  248.33  248.33  

   NE  183.96  Assumptions 

    NE  136.28 Risk-free rate=8% 

     NE  Cost of capital=15% 

      NE    

       NE: non-existing state 

          

 

Step 4: Estimate the value of flexibility. 

According to the above exhibit, the present value of the project with option to defer is 

£418.99M. Thus,  

    
               

    
                    

The option to defer increases the value of the project by £83.77 M                     , 

which is also the value of the flexibility. On the basis of this result, it is profitable to accept 

the project. 

 

4.2.2 The Value of Option to Expand 

As the project can be expanded by making an additional investment outlay of £200M at any 

time during the subsequent 5 years, the option to expand can be treated as an American call 

option. Since the risk-free interest rate is 8%, the risk neutral valuation factor p can be 

calculated as below 
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Thus, the probability of an up movement is 0.5623 and the probability of a down movement 

is 0.4377. As illustrated in 2.3 and 3.2.1, the present value of any node can be acquired by 

discounting the expected payoff at the risk-free rate.  

   
             

   
 

where    is the project’s value of the rising state,     is the project’s value of the declining 

state, and r is the risk-free rate. 

The value of option to expand, which will increase the project’s value by x%, as shown in 

chapter2, can be expressed as below 

                                     

The equation given above is the European style, which means the option to expand is only 

available at the fixed maturity time. However, in this case, the option to expand can be 

exercised at any time when exercise can provide a better result than not doing so.  

In terms of this, the value of each node in the binomial tree below is the maximum one 

between the expected present value of the node if we choose to expand at the next stage 

and the value of the project if we choose to expand now. Thus, it is necessary to make a 

little change to the formula above and the value in each node can be calculated as 

                 

                                                                             

                    
   

where    
               

   
  and    in this case is £150 M. The below binomial tree can be 

used to value such option. To acquire the project’s value at a given point, start with the final 

branches and work back towards time 0.  
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Exhibit 3. Project with Option to Expand 

£ M          

 t=0 t=1 t=2 t=3 t=4 t=5    

       Underlying asset 

      2103.87 PV=416.81 

     1535.86  Volatility=0.3 

    1110.2  1086.87 Initial investment=350 

   801.46  766.275  NPV with option to expand 

  578.01  551.32  528.765 =66.81   

 416.81  396.59  375.94     

  285.9  270.29  248.33 Assumptions   

   195.96  183.96  Risk-free rate=8% 

    136.28  136.28 Cost of capital=15% 

     100.96  Risk-neutral valuation 

      74.79 p=0.5623   

       1-p=0.4377   

 

From the exhibit above, it can be found that the value of the project with the option to expand 

has been increased by £81.59M                     ). Thus the value of the option to 

expand is £81.59 M. Based on the value of this expanded NPV, the project will be accepted. 

However, during the process of calculating every value in the node, it can be found that 

although the firm has the flexibility to expand the production at any time in the five years, the 

option is not exercised until the fifth year, where the project can acquire the maximum 

increment in the expanded NPV. Because the option to expand in this case is analogous to 

an American option, such result contributes to explain why American options without 

dividends will never be exercised before the expiration date (the property 9 in 3.1.2). 

 

4.2.3 The Value of Option to Contract 

As pointed in 2.3.3, as opposed to expansion option, option to contract is only exercised 

when the market environment slumps. In 2.3.3, it has been shown that the value of option to 

contract is                   , where    is the saving cost from cutting down the 

investment. The case then can be divided into the following two situations: if the market 

moves up, an additional investment of £216M (£200M*1.08) will bring an income of 

£452.51M while if the market goes down, an additional investment of £50M, which is £54M 
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in the second year, can generate a cash inflow of  £124.165M. The details of the two 

situations can be seen in the exhibits below. 

Exhibit 4. Project with Full Scale 

£ M         

 t=1 t=2 t=3 t=4 t=5    

      Underlying asset 

     1502.58 PV=452.51 

    1113.11  Volatility=0.3 

   824.58  824.58 Initial investment=216 

  610.85  610.85  NPV=236.51 

 452.51  452.51  452.51    

  335.22  335.22     

   248.33  248.33 Assumptions   

    183.96  Risk-free rate=8% 

     136.28 Cost of capital=15% 

 

Exhibit 5. Project with Half Scale 

£ M 

        

 

t=1 t=2 t=3 t=4 t=5 

   

      

Underlying asset 

     

412.29 PV=124.165 

 

    

305.425 

 

Volatility=0.3 

 

   

226.255 

 

226.255 Initial investment=54 

  

167.61 

 

167.61 

 

NPV=70.165 

 

124.165 

 

124.165 

 

124.165 

   

  

91.98 

 

91.98 

    

   

68.14 

 

68.14 Assumptions 

 

    

50.48 

 

Risk-free rate=8% 

     

37.395 Cost of capital=15% 

        

As can be found in exhibit 4, the expected present value of the project at time 1 is £452.51M 

if the company chooses to maintain the production scale and makes an investment of £216 

M. Then the NPV in this situation is £ 236.52 M. From exhibit 5, the present value of the 

project at time 1 is £124.165 M when the company exercises the option to contract the 
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production scale. The NPV is £70.165M. Therefore, the present value of the project under 

the risk neutral assumption is  

        
   

      
      

   
 

                                  
      

          

Thus, the net present value of the project is £1.58M, which means the value of the flexibility 

to contract the production scale in a declining market environment is £16.38M. The project 

with this option is also worth taking. 

 

4.2.4 The Value of Option to Abandon at Any Time 

When the market condition moves down, the firm then has the right to abandon the project 

and acquire the salvage value of £300M. Since the option is available at any time during the 

life of the project and is exercised once market circumstances go bad, it can be viewed as 

an American put option. Risk-free interest rate and risk-neutral valuation factors are same as 

the section before. The valuation should be as shown in Exhibit 6. 

Exhibit 6. Project with Option to Abandon 

£ M          

 t=0 t=1 t=2 t=3 t=4 t=5    

       Underlying asset 

      1502.58 PV=363.67 

     1113.11  Volatility=0.3 

    824.58  824.58 Initial investment=350 

   610.85  610.85  NPV with option to abandon 

  464.97  462.8  452.51 =13.67   

 363.67  362.54  357.18     

  300  300  300 Assumptions 

   NE  NE  Risk-free rate=8% 

    NE  NE Cost of capital=15% 

     NE  Risk-neutral valuation 

      NE p=0.5623   

       1-p=0.4377   

       NE: non-existing state 

 

From the exhibit above, it can been seen that the value of the project with option to abandon 

at any time is increased to £363.67M, with expanded NPV, £13.67M, which is £28.45M 

(option premium) higher than the NPV of the project without flexibility. The option to abandon 
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plays an important role in preventing the value of the project from going down to lower 

branches, by which eliminates the risk of declining when the market condition moves down. 

Based on such positive expanded NPV, the project will be accepted by the firm.      

4.2.5 The Value of the Option to Abandon at a Fixed Time 

As indicated in 2.3.5, the option to abandon can be viewed as American put options. But if 

the option is only available at a fixed time, then it is in essence close to a European option. 

To value options of the European style, Black-Scholes Model has provided a concise 

approach. According to the information listed before, the basic parameters in B-S model can 

be arranged in the table below: 

Table 4.1.  Basic Parameters of the Put Option 

Exercise Price X £300 M 

Time to Maturity T 5 years 

Current Price of the Underlying Asset    £335.22M 

Volatility of the Underlying Asset   0.3 

Risk-free Interest Rate r 0.08 

 

As shown in 3.2.2, the pricing model is  

                               

with  

   
  ( 

 )           

 √ 
 

   
  ( 

 )           

 √ 
 

Enter the model and variables into Excel. It can be got that                    and 

P=£21.67M. Thus, the value of the abandonment option is £21.67M. The net present value 

of the project is £ 6.89 M, which means the project with the option to abandon at the fixed 

time can be accepted.  

 

4.2.6 Value the project with both option to expand and option to abandon 

When the firm has the right to exercise both the expansion option and abandonment option, 

the value of every node can be expressed as the following formula: 
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Therefore the valuation can be shown as following: 

Exhibit 7. Decision Tree: Project with Option to Expand and Abandon 

£ M          

 t=0 t=1 t=2 t=3 t=4 t=5    

       Underlying asset 

      2103.87 PV=425.99 

     1535.86  Volatility=0.3 

    1110.2  1086.87 Initial investment=350 

   801.46  766.275  NPV with option to expand 

  584.68  559.81  528.765 =75.99   

 425.99  413.05  396.88     

  300  300  300 Assumptions   

   NE  NE  Risk-free rate=8% 

    NE  NE Cost of capital=15% 

     NE  Risk-neutral valuation 

      NE p=0.5623   

       1-p=0.4377   

 

As are obtained in 4.2.2 and 4.2.4, the NPV of project with option to expand and option to 

abandon are separately £66.81M and £13.67M. The project with two options (the expansion 

option and abandonment option), according to the exhibit above, has the NPV of £75.99M 

which is greater than that with any single option but is less than the sum of the two.  

4.3 The Valuation of a R&D Project 

R&D projects are the foundation of enterprises to acquire competitive advantage. Therefore, 

the issue of how to value a R&D project has become increasingly crucial to the long-term 

development of the firm. However, in the real world that is full of competition and uncertainty, 

the cash flow generated by the project may not be consistent with initial expectation. In 

terms of this, compound options pricing strategy has much more flexibility by taking the 

uncertainty into account.  

According to Geske (1979), the pivotal character of compound options is that the latter 

opportunity is available only if earlier opportunities are undertaken. A R&D project, the value 
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of which is not determined by the cash flow generated by initial investment (the early 

opportunity) but depends on the value of the following investment opportunity (the latter 

chance), has the same nature.  

Generally, a R&D project can be divided into the following three stages. 

Figure4.1   The Partition of Three Investment Stages 

                           
→                

                                                            
→                                          

                            
→                   

                                                                                                                                               , V 

As shown in figure4.1, the initial expense is C (the price of a compound call), the subsequent 

investment is    (the exercise price of the first call) with the maturity time   , and the 

discounted cash flow from this project after investing    in market promotion is V. If, at time t, 

the firm invests   to the project, it will obtain a right to continue the research at an expense 

of    (exercise price 1) at time   . If, at time   , the first call has been exercised, the firm will 

acquire a further opportunity to invest    (exercise price 2) in market promotion at time    

and gain profit from this project. Since there are two call options, and the first call is the 

premise of the second one, R&D project can be viewed as a compound option. 

Therefore, we assume a pharmaceutical company has a plan to design a new anti-

depressant drug. The research of the drug needs an initial input of £1 M to launch. After the 

business has sufficient confidence that the new drug will be authorized to produce, it will 

have an option to further invest £ 2 M to the second stage research. If the company chooses 

to exercise this option, it will acquire the right to invest 10 M to promote the new drug in the 

market and acquire the cash flow the present value of which is 7 M. The time schedule of the 

project can been in figure 4.2. 

Figure 4.2 The Investment Plan of the New Drug 

                                    
→                        

                                                
→                               

                                
→                      

     C=1,000,000                 =2,000,000                  =10,000,000 

PV=7,000,000 

Suppose, according to historical data, the volatility of the market is 0.3 and the risk-free rate 

at present is 0.08. All values of the parameters can be found as follows: 
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Thus the NPV of the project can be calculated as the equation below: 

        
  

       
  

                       

Judging from this result the company tends to reject the R&D project. However, if the 

flexibility of the investment has been taken into account, Geske’s Model shows the following 

calculation process. Given that    is the critical value of the firm that makes the holder of an 

option indifferent between exercising and not exercising the first option. Solve the equation 

         (    is the option’s value at time    ). The critical value is   

             

Thus, the value of the compound option can be calculated by the Geske’s Model below: 

     (      √    ⁄ )           (      √    ⁄ )                 

Where 

   
  (  

  )       
      

 √  
         √   

   
  (  

  
)       

      

 √  
          √   

Enter the model and all parameters into Excel, the following values are acquired: 

                                         

Use Matlab to calculate   (      √    ⁄ ) and   (      √    ⁄ ) , we get 

                                

                                 

              

Substitute for the relevant values in the Geske’s Model, the value of the compound option is  
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Thus the price of the compound option is £2325838. Given that the initial investment is 

1,000,000, the value of this project is          , which makes the project acceptable! 

 

4.4 Analysis and Summary for Project Valuation 

It can be found that in essence the first two options in 4.2 are call options while the following 

three are put options, and the last can be called combined options. The projects with 

flexibilities without exception all have greater value than the project only measured by DCF. 

Generally, it can be accepted that it is the flexibilities in operating that changed the value of 

the project.  This is definitely right but is the flexibility the direct cause that influences the 

project’s value? From the exhibits above, it is clear that the payoff structure has been 

changed when an option is exercised. For example, in the case of project with option to 

defer, expressed in exhibit 2, compare to exhibit 1 which has a symmetric payoff structure, 

all values at the bottom of the tree have been eliminated after the option to defer is exercised. 

Such asymmetric structure with only bottom values wiped off definitely has a larger 

discounted value than a symmetric structure. Recall the statement in 3.1.1. Trigeorgis(1996) 

points out that it is the asymmetry that, having the right but not the obligation to exercise the 

option, lies in the heart of the option’s value.  

Judging from the binomial trees in each situation, such conclusion can easily be seen.  In the 

case of expansion option, the option to expand gives the firm the right to expand the project 

to acquire greater income from the rising market, without the obligation to make the same 

decision when the market moves down. Such asymmetry can be illustrated clearly by 

observing the tree in exhibit 3 where the firm only make decision to expand when the 

expansion can bring a better payoff. Therefore, it can be found that the exhibit 3 has an 

asymmetric tree structure with the value in upper three lines increased, and that there is no 

decrement in the value located in the bottom of the tree. After working backward through 

time to the beginning, the increment is reflected in the new NPV and hence the project with 

option to expand has greater value than the present value of project without flexibilities. 

In the case of option to contract, exhibit 4 shows there is no change in the payoff when the 

market goes up and the original sale is maintained. However, it can be found that when the 

market goes down, the dramatic reduction in the cost of the second stage has increased the 

NPV of exhibit 5 to a high level based on which the expanded NPV is finally positive. Such is 

also the increment created by the asymmetric change in the payoff structure.  
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In the case of abandonment option, the option enables the firm to permanently abandon the 

project to eliminate the probability that the value in the node becomes lower than £300M in a 

descending market, but with no influence on the values in the upward market. Such 

asymmetry can be fully described by the tree in exhibit 6 where the firm only makes the 

decision to abandon the project when the market moves down to prevent the project from 

incurring further losses, which makes all states of values under £300M non-existent. Thus, 

only the bottom part of the tree is influenced by the flexibility to abandon. The flexibility in this 

case creates a payoff structure that is totally asymmetric. Discounting all values, NPV is 

increased due to such asymmetric impact caused by the option to abandon.  

In the case of the firm owning two options, the asymmetric impact brought by each option is 

aggregated together and jointly lead to a substantial increase in the total value of the project. 

Although in reality the option to expand and the option to abandon are unlikely exercised at 

the same time, the existence of multiple options still enhances the potential value of the 

project. As is shown the project with two options (the expansion option and abandonment 

option), has the NPV of £75.99M which is greater than that with any single option, £66.81M 

and £13.67M. Therefore it can be found that the option endows the firm with the flexibility to 

obtain potential value of the project, the more options a firm has, the greater flexibility it will 

enjoy when operating the project, and thus the larger potential value it will generate. 

However, such combined augment, £90.77M (£425.99M-£335.22M) in project’s value is less 

than the sum of single option’s increment, £110.04M (£28.45M+£81.59M).Just as what  

Trigeorgis’(1996) indicates,  the incremental value provided by an additional option is 

generally less than the value in isolation.  

Moreover, during the process of calculating the value of the project with option to expand (an 

American call option), it also can be seen that although the option is available at any time 

during the life of the project, the optimal strategy is exercising it in the last year, because 

based on the analysis of the exhibit 3, the option to expand is only realised in the upper 

three nodes of the final period, without any other exercises in previous stages. In terms of 

this, to acquire the maximum value of the project, such option with the American style should 

be exercised at a time nearest to the maturity date. In addition, another interesting result is 

that the net present value of project with option to abandon at any time, which is valued by 

binomial tree, is nicely larger than that with option to abandon at a fixed time, which is valued 

by Black-Scholes model. Such result not only helps examine the validity of the model but 

also prove the property 4 of options in 3.1.2 that the American option should be priced at 

least as much as the European option on the same underlying asset. 
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Chapter 5: Company Valuation：An Application of Continuous-Time Model 

In the previous chapter, the discrete-time real option pricing model, binomial tree method, 

has been applied in valuing projects that can be analysed by discrete decision nodes. 

Besides, in reality, the continuous-time version of real option pricing approaches, Schwart 

and Moon’s model, can also be used in the valuation of a company. This chapter is going to 

estimate the value of an IT company on the basis of this model.  

5.1 An Introduction to HP  

Hewlett-Packard Development Company, HP, founded in 1939, is the world’s leading PC 

manufacturer which specialises in developing and manufacturing computers, network 

hardware and the data storage. In 2012 HP was the world largest PC vendor by unit sale. 

5.2 Methodology and Data Selection 

1. The model and the method of estimating parameters will refer to the approaches provided 

by Schwart and Moon (2000 and 2001), which can also be found in 3.2.5 and the discussion 

in the following section.  

2. All financial data comes from the annual and quarterly financial statement on the firm’s 

official website of investor relations and all data related to the basic information, stock price 

and relevant statistics and estimates of the company is acquired from Yahoo Finance. The 

long-term growth rate of industry refers to Professor Damodaran’s personal website. 

3. Excel is used to build the model and calculate the growth rate in revenues, the volatility of 

revenues and other basic parameters. Stata is used to conduct regression analysis. Crystal 

Ball is used to run Monte-Carlo simulation, with 1,000,000 times to generate the result of 

valuation and 10,000 times to complete the sensitivity analysis. 

5.3 Parameter Estimation  

To estimate the value of the company, the following 20 parameters are going to be used.  

1. Initial revenue  : according to the 2012 annual report on official site of investor 

relations, www.hp.com/hpinfo/investor/ , by the end of October 31 of 2012, the total 

revenue of HP is $120,357 M (Millions).  However, to estimate value of the company, 

it is better to take into account the nearest performance. Therefore, in this case the 

revenue of 2013 including the forecasted quarter will be used to calculate the value 

of the firm. According to the later estimation in following point, the growth rate of the 

current year 2013 is -7.7%. Therefore, the revenue of this year is $ 111089 

M                    ). 



 

49 
 

2. Initial expected rate of growth in revenues   : based on the quarterly statements 

announced in the financial statement, it can be found that HP has achieved $28,359 

M, $27582 M, $27226 M of revenues separately in the first three quarters of fiscal 

2013, which means, compared to the same quarter in the last fiscal year, the growth 

rates are respectively -5.6%, -10.1% and -8.2%. According to the estimate from 

Yahoo Finance, the analyst predicts that in the fourth quarter of the fiscal 2013 the 

growth rate will be -6.9%.  In terms of this, the initial expected rate of growth in 

revenue can be viewed as the average of the four quarters: 

   
                     

 
        

3. Long-term rate of growth in revenues  ̅: such rate can be obtained from the average 

of historical growth rate in the relevant industry. As in general HP can be classified as 

an information technology company, during the analysis of this chapter,  ̅ is viewed 

as the long-term growth rate of IT industry. Damodaran (2013), a Professor of 

Finance at the Stern School of Business at New York University, has suggested that 

the historical growth rate in the sales of IT industry is 6.33% in the last 5 years, which 

is obtained based on the data of 63 IT companies. In this chapter, 6.33% will be used 

as an approximation of long-term growth rate in revenues. 

4. Initial volatility of revenues   : the standard deviation of percentage change in 

revenues over the recent past can be acquired by calculating the volatility of quarterly 

growth rate of revenues in 2011, 2012 and the first three quarters of 2013 and the 

result is 4.55% per quarter. Therefore, given that     √ , the annual volatility is 

9.1%. 

5. Long-term volatility of the rate of growth in revenues  ̅: the rate will be acquired by 

calculate the average volatility of stable companies in the industry in the last five 

years. In this case, the annual revenues of 3 IT companies, Dell Inc., IBM and HP 

itself, were chosen as the sample from IT industry, which indicates that the standard 

deviation of annual growth rate is 9.6%. 

6. Initial volatility of expected rates of growth in revenues   : this parameter can be 

inferred from the volatility of stock price, which, in this case, can be calculated by 

collecting daily closing prices from 30th July 2010 to 31st July 2013. Suppose   is the 

closing price of today. Then the yield rate of that day is                 and the 

standard deviation of the day is    √∑      ̅   
   

   
 ,  where  ̅ is the average rate of 

return. As there are 252 trading days in a year, the annual standard deviation can be 

expressed as      √   . Substitute for the parameter, the volatility is 0.378 

(0.0238*√   ) per year. 
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7. Initial loss carry-forward   : according to the announced balance sheet of 2012, the 

initial loss carry-forward in 2013 is $ 11,507M, which is equal to the loss from 

operating activities in 2012. 

8. Initial cash balance available   : as announced in the quarterly report of 2013, the 

cash and the cash equivalents at the end of the third quarter is $13,251 M. 

9. Variable costs parameter  :  This can be obtained by conducting regression analysis 

on the expense of operating(regressand) and the net revenue (regressor), and the 

coefficient of regressor is regarded as the approximation of   . In this case the 

parameter is 0.754. 

10. Fixed component of other expenses F: the resulting intercept acquired from the 

previous regression, $4,920M, is the fixed cost. 

11. The unanticipated changes in variable costs   : the standard error, 0.1261, from the 

regression can be viewed as the unanticipated change. 

12. Long-term variable costs parameter ̅:  to simplify the analysis, the long-term variable 

costs are assumed to remain on the same level 0.754. 

13. Long-term average of the unanticipated changes in variable costs  ̅: according to the 

level of other firms, it can be set as  0.045. 

14. The rate of capital expenditures for the period, Capx(t): in this case, the capital 

expenditure can be calculated according to the following steps: 1. Add the amount of 

cash outflow from investing activities, the value of depreciation , the impairment of 

good will and the purchased intangible assets of year 2012 back to long-term 

assets;2. Subtract the value of the long-term assets of the prior year to calculate the 

capital expenditure of year 2012; 3. Calculate the percentage ratio of the difference 

provided in step2 over the revenue of the fiscal 2012.  Based on the data of the 

financial statement, the capital expenditure of HP in 2012 account for 6.3% of the net 

revenue, which will be regarded as the rate of capital expenditures in the subsequent 

years.  

15. Depreciation, Dep(t): Depreciation is assumed to be a fraction of the accumulated 

PPE. It can be calculated that the proportion of the forecasted depreciation based on 

the first three quarters of 2013 over the value of PPE of the fiscal 2012, which is 39% 

in this case. 

16. Accumulated Property, Plant and Equipment at time t, P(t): according to the 

announced information in the financial report, the PPE of HP at the end of fiscal 2012 

is $11,954 M. In addition, by using the equation                          , 

the accumulated PPE at the end of each year can be acquired. 
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17. The risk premium of the revenues in the market,     : As mentioned in 3.2.5, the risk 

premium can be acquired from the equation               . According to the 

accumulated yield of S&P 500, which is 46.9% from 30th July 2010 to 31st July 2013, 

the annual yield of the market is 13.68%. The market price of risk related to revenues 

in the model is not observable. Thus, it is necessary to imply it from the   of the stock. 

The daily prices of HP and S&P from 30th July 2010 and 31st July 2013 are collected 

to calculate the value of  , which, as generally defined, can be obtained from the 

equation             
  

 , where   is the daily yield rate on the stock and     is the daily 

rate of return on S&P 500 index. Collect the data from 30th July 2010 to 31st July 2013 

and calculate the   , which is    . Then the risk premium can be acquired from the 

equation below 

      (     )                        

18. Speed of adjustment for the rate of growth process, K:  judging from the market 

share of HP, it is already a leader in the industry of diversified computer system and 

considering the current situation of the industry it may be not possible for HP to 

substantially expand its sales in the near future. According to the estimates provided 

by Yahoo Finance, in terms of earnings, HP could be expected to have an average 

growth rate of 0.67% in the next five years while a growth rate of 11.21% will take 

place in the industry. Given that the growth rate of the past five years is -0.6%, if a 

reversion speed of 1.2% for every ten years is assumed, then to revert to the 

average level (about 10 %) of the industry approximately 80 years will be taken. 

However, such assumption is so ivory-towered. Thus, at this stage, in the 

calculations 4 years will be assumed as a proper time for a large IT company, like HP, 

to revert to the normal level. In terms of this,      
   

     . 

19. Corporate tax rate,   , and the risk free rate of interest, r :The corporate tax rate is 

taken to be 35% and the riskless rate is assumed to be 5%. 

20. Horizon of the estimation, T and the time increment for the discrete version of the 

model,   : In this case, T is assumed to be 4 years and    is set at 1 year. 

The result of the above parameter estimation is rearranged in the exhibit below:  
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Exhibit 8 Parameters Used in the Base Valuation of HP 

Parameter Notation Proposed Estimation 

Procedure 

Initial revenue    $ 111089  million/year 

Initial expected rate of growth in revenues    -7.7%/year 

Long-term rate of growth in revenues  ̅ 6.33%/year 

Initial volatility of revenues    9.1%/year 

Long-term volatility of the rate of growth in revenues  ̅ 9.6%/year 

Initial volatility of expected rates of growth in 

revenues 

   0.378/year 

Initial loss carry-forward    $ 11,507 million/year 

Initial cash balance available    $13,251 million 

Variable costs parameter   0.75 

Fixed component of other expenses F $4,920 million/year 

The initial unanticipated changes in variable costs    0.126 

Long-term variable costs parameter  ̅ 0.754 

Long-term average of the unanticipated changes in 

variable costs 

 ̅ 0.045 

The rate of capital expenditures for the period         6.3% 

Rate of Depreciation        39% 

Initial accumulated Property, Plant and Equipment    $11,954 million/year 

The risk premium of the revenues in the market      0.095 

Speed of adjustment for the rate of growth process K      

Corporate tax rate    35% 

risk free rate of interest r 5% 

Horizon of the estimation T 4 

the time increment for the discrete version of the 

model 

   1 

5.4 Simulation Results  

In 3.2.5, the discrete version of Schwart and Moon’s model has been introduced. By entering 

the equation (20) to (25) into Excel workbook and using all relevant initial values listed in the 

exhibit above to solve the equations, the revenue, cash amount and cost of each period can 

be acquired. On the basis of the results at time T, the present value of the company is got by 

solving equation (19). Simulation processes is run on the Crystal Ball and as pointed in 3.2.5, 

         follow standard normal distribution and there are no correlations between any two of 
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them. The total revenue, the available cash, the total operating cost and the value of HP in 

the fourth fiscal year, which is 2017 in this case, is separately denoted by R4, X(4), Cost(4) 

and V(4). Define these four parameters as the forecast variables and run Monte-Carlo 

simulation 1,000,000 times, the expected revenue four years later (2017) is $111,776.89M, 

the expected amount of cash is $ 54,364.41 M and  expected present value of the company 

is 232,268.6. Details can be seen from the exhibits below. 

Exhibit 9.  Distribution of Revenues in 2017 

 

$ M Forecast values 

Trials 1,000,000 

Mean 111,776.89 

Median 94,837.33 

Mode --- 

Standard Deviation 69,787.42 

Variance 4,870,283,908.4 

Skewness 2.12 

Kurtosis 11.83 

Coeff. of Variability 0.6243 

Minimum 7,066.92 

Maximum 1,335,479.22 

Range Width 1,328,412.30 

Mean Std. Error 69.79 
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Exhibit 10.  Distribution of Cash in 2017 

 

$ M Forecast values 

Trials 1,000,000 

Mean 54,364.41 

Median 50,120.45 

Mode --- 

Standard 

Deviation 

51,827.31 

Variance 2,686,070,155.67 

Skewness 0.6803 

Kurtosis 5.66 

Coeff. Of Variability 0.9533 

Minimum -358,420.53 

Maximum 792,988.78 

Range Width 1,151,409.32 

Mean Std. Error 51.83 

 

Exhibit 11.  Distribution of Company’s Present Value 

 

$ M Forecast values 

Trials 1,000,000 

Mean 232,268.60 

Median 175,738.67 

Mode --- 

Standard Deviation 292,650.46 

Variance 85,644,289,653 

Skewness 1.91 

Kurtosis 13.03 

Coeff. of Variability 1.26 

Minimum -2,300,492.63 

Maximum 6,686,937.39 

Range Width 8,987,430.02 

Mean Std. Error 292.65 
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As is shown in exhibit 9, by using the parameters described above, the current value of the 

company acquired from the model is $232,268.6 M, which implies, given the number of 

shares outstanding is 1.93 billion (data from Yahoo Finance) and the total liabilities at the 

end of the third quarter is $ 80822 M, the stock price is $ 78. 5(the difference between 

$232,268.60 M and $80822 M divided by the number of shares, 1.93billion). Considering the 

average price in the August of 2013 is $ 25, this is 214% above the model price. 

 

5.5 Sensitivity Analysis Results 

By setting the present value of the firm, V(0), as the target variable and other input variables, 

e.g.  ,  ̅ etc., as the assumption variables following normal distribution, chart 1 shows the 

sensitivity analysis result acquired by running Monte-Carlo simulation 10,000 times. Judging 

from the chart, it is obvious that the long-term variable cost parameter  ̅, plays a dominant 

role in contributing the variance of the company’s present value, which implies, when all 

variables change by the same percentage, the value is mostly sensitive to the proportion of 

variable cost over revenues. This is partly due to speciality of variable cost parameter that  ̅ 

is rationally assumed not to go beyond 100%, which means every percentage change will 

have a substantial influence on the result, while other contributors, for instance the factor of 

revenue    or the available cash   , do not have such limitation. In addition, according to 

the equation (19) in 3.2.5,                                    , the main reason 

can be explained as the crucial effect of the cost factor         in determining the value of 

an IT firm. However, this cost factor exists in every key parameters of the valuation equation 

instead of only influencing the operating cost. As will be seen in the later discussion,  ̅ also 

contributes most to the variance of other final parameters. 

Sensitivity chart 2 is acquired by calculating the sensitivity of the revenue of the fourth year 

R4 to other initial assumption variables. In the chart it can be found that the initial revenue 

contributes the most part, 85.8%, of the variance of the final revenue. This seems quite 

reasonable, as the high level of the initial revenue means the firm is capable of providing the 

corresponding scale of product and generally can maintain on the level for a long time. 

Chart 3 shows the sensitivity of the available cash at the end of the fourth year X(4) to other 

initial input variables. As is seen from the chart, the variable cost parameters  ̅ and   still 

play the dominant role in contributing the variance of the final amount of the cash. The 

reason of this can be found in the differential equation of the cash increment in a small time 

interval: 
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Note that the result rearranged contains terms,              and      which is also 

contained in the equation of calculating the final value of the company. As is shown before, 

the present value of the firm, V(0), is very sensitive to the variable cost parameter and it has 

been interpreted as the crucial influence exerted by the cost factor on determining the value 

of a company. Therefore, it can be concluded that the available cash at any stage is also 

remarkably affected by the proportion of variable cost over the revenue. The higher the 

proportion of the variable cost, the lower the cash amount.  

Sensitivity chart 4 shows the sensitivity of the total operating cost to other variables. From 

the definition equation (10) in 3.2.5, it can be got an intuitional result that the variance of the 

cost largely depends on the change of revenues R (t) and the proportion of variable cost     . 

Besides, equation (11) in 3.2.5, the one that describes the mean-reverting process of     , 

explains why the cost is considerably sensitive to long-term variable cost proportion, ̅. 

From all four sensitivity charts, one point is extraordinarily clear that all target variables are 

generally primarily sensitive to two assumption variables, the initial revenue    and the 

proportion of variable cost  ̅. To observe the relatively sensitivity of the target variables to 

other assumption variables, in the next four charts the assumption variables ranked in the 

first two places are abandoned. 

After abandoning the variable cost parameter   and  ̅, charts 5 shows that the initial revenue 

   , the initial growth rate   , reversion speed K and the risk-free rate all contribute at least 

10% of the variance of the company’s present value, with    accounting for the largest part 

and risk-free rate r negatively correlated with the value of the company. 

The relationship between the revenue of the fourth year and other assumption variables 

except    and K, and the sensitivity of R4 to others is clearly shown in the chart 6. According 

to the Chart, it can be seen that initial growth rate  , long-term growth rates  ̅ and the loss 

carry-forward are positively correlated with the final revenue in 2017 while other assumption 

variables negatively correlated with the final revenue are mainly the risk-free rate r, 

unanticipated changes in variable costs   , the risk premium of the revenues in the market  , 

fixed component of other expenses F and the variable cost parameter  . 

After removing the effect of cost parameter   and  ̅ , the rate of capital expenditures 

contributes the most to the variance of the available cash in the final year 2017 and is 
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negatively correlated with it. Other assumption variables, the tax rate  and fixed cost F, are 

also negatively correlated with the cash and exert relative obvious effects on the variance. 

Other variables,   ,   ,    and K contribute a relatively large part of, and are positively 

correlated with, the variance. 

The last sensitivity chart shows the main contributor of the variance of the cost in 2017 

except long-term variable cost parameter  ̅ and initial revenue   .  ,  , , u and    are all 

positively correlated with the variance of the cost of 2017, with K,   and   contributing more 

than 10%.  ,    and the Long-term volatility of the rate of growth in revenues   are 

negatively correlated with the variance and all their contributions are less than 10%. 

5.6 Analysis and Summary 

According to the result provided by the model, the stock price of HP is $ 78.5, which is 214% 

higher than the average value $25 in August. The reason why there is such a big gap 

between them can be interpreted by dividing the value of company into four parts that are 

separately represented by four key parameters: the available amount of cash at time T, the 

revenues at time T, the multiple parameter M and the cost at time T. For example, when the 

risk free rate is fixed, more available cash at time T, a relatively large multiple value 

assumed, more revenues and lower cost will always lead to a higher present value of the 

company.  

Furthermore, the four parameters listed above are also affected substantially by the key 

factors in their own definition model. For example, as is demonstrated in the sensitivity 

analysis of chart 3, the amount of cash at time T is dominated by the proportion of variable 

cost. The revenue at time T, as shown in chart 2, is substantially influenced by the initial 

scale.  

Moreover, the total cost or expenditure before interest, depreciation, amortisation and tax is 

also mainly controlled by the variable cost parameter  , the value of which is obtained from 

the regression performed on the expense of operating(regressand) and the total revenue 

(regressor). However, the expense of operating is acquired by subtracting the non-cash 

expenditure (depreciation, amortisation and the impairment of good will and intangible 

asset)from the total cost, which means if the company has so much non-cash cost, this will 

not only definitely impact the earnings performance on the financial statement, which causes 

the low market price of HP’s common stock, but also lead to relatively lower cost of 

operating, which generates a lower value for   and then, as the sensitivity chart 1 shows, 

produces a higher value of the company.  
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To further explore the cause of the huge gap between the theoretical value and market price, 

it is necessary to take IBM for an example.  As observed from IBM’s annual report of the 

fiscal 2012, the company earns total revenues of $ 104,507 M similar to HP’s 120,357 and 

maintains $10,412 M of cash which also approaches to the amount, $11301 held by HP at 

the end of 2012. Besides, the number of shares outstanding is 1.1 billion which is also at the 

same level as HP’s 1.93 billion (both has arrived the level of a billion). Nevertheless, the 

stock price of IBM is $190.73 while HP is only priced at $ 21.96(13/09/2013).  

By applying the same method, the relevant parameter estimates of IBM are shown in exhibit 

12. 

Exhibit 12 Parameters Used in the Base Valuation of IBM 

Parameter Notation Proposed Estimation 

Procedure 

Initial revenue    $ 115898.26  million/year 

Initial expected rate of growth in revenues    10.9%/year 

Long-term rate of growth in revenues  ̅ 6.33%/year 

Initial volatility of revenues    4.8 %/year 

Long-term volatility of the rate of growth in revenues  ̅ 5.6%/year 

Initial volatility of expected rates of growth in 

revenues 

   0.189/year 

Initial loss carry-forward    N/A 

Initial cash balance available    $10,412 million 

Variable costs parameter   0.6 

Fixed component of other expenses F $21823million/year 

The initial unanticipated changes in variable costs    0.2 

Long-term variable costs parameter  ̅ 0.6 

Long-term average of the unanticipated changes in 

variable costs 

 ̅ 0.045 

The rate of capital expenditures for the period         8.8% 

Rate of Depreciation        24% 

Initial accumulated Property, Plant and Equipment    $13,996million/year 

The risk premium of the revenues in the market      0.066 

Speed of adjustment for the rate of growth process K      

Corporate tax rate    35% 

risk free rate of interest r 5% 
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Horizon of the estimation T 4 

the time increment for the discrete version of the 

model 

   1 

 

By using the parameters in exhibit 10, the theoretical present value of IBM is $302,510.32M. 

Given that the number of shares outstanding is 1.1 billion (data from yahoo) and the value of 

the total liabilities at the end of 2012 is $ 100,229 M, the theoretical price of IBM is $183.89 

which is much closer to its market price.  

Based on the estimation results of the value of HP and IBM, it can be said that the stock of 

IBM is adequately priced while the stock of HP is underestimated.  

As stated above, HP has the similar scale of revenues and available cash as IBM at the end 

of fiscal 2012. However, judging from the information announced on 2012 annual report, it 

can be found that IBM does not have so much non-cash cost. This is different from the 

situation of HP, which had the cost of $18,035 M related to the impairment of goodwill and 

purchased intangible assets in the fiscal 2012. Such situation directly causes the decline in 

earnings and hence leads to the low valuation of the stock. A company with so much non-

cash cost, as discussed before, will always have a high theoretical value and a low 

evaluation on the stock.  

Although from the estimation result above, the large gap between the ‘true value’ of HP and 

its market price may encourage investors to take the ‘value’ investment opportunity.  

However, Chanos(2012), the president and founder of Kynikos Associates, has pointed out 

that Hewlett-Packard has been hiding the true cost of its R&D though acquisitions and if the 

cost of that is taken into consideration, the revenue will be just offset by cash outflow. That 

can also explain why the cost in the impairment of goodwill and purchased intangible assets 

is so large in 2012.  

Besides, another reason why the stock price is so low is that the personal computer 

business, the main business of HP, is going down. The market share of traditional PC 

business is gradually replaced by smart phones and tablets, which is also supported by the 

declining revenue in the first three quarters of 2013. All of these make the growth prospect of 

HP not very clear. 

In comparison with HP, IBM had abandoned its traditional PC business in 2004 and 

concentrates on providing Internet technique service. Such strategy helps IBM avoid facing 

the decline of global PC business. 
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However, HP is not the only PC Company that is struggling. Dell’s stock price was also 

going down for 50% during the last two years. All PC makers are facing tough times. But this 

does not affect the effectiveness of the continuous model. Given that the market of PC 

business is shrinking, suppose HP will never revert to the average growth rate of the industry 

if it does not change its current business structure. Based on this assumption, we allocate 

100 years to the speed of reverting. Then,  

  
   
 

     

This gives to K equal to 0.0139. Substitute the value into the model, the new present value 

of HP is $153618 and the new theoretical price is $37.7, which is only 50% higher than the 

market price. The estimation value now falls on an acceptable range. Therefore, the problem 

of pricing deviation is solved by adjusting the parameter based on the evaluation for the 

market condition. 

The theoretical price acquired by the model, $37.7 and the market price, around $25, which 

one is more closed to the intrinsic value of the company?  

If the market is believed to be semi-strong-form, then the price of $ 25 already reflects all 

publicly available information including the anticipation of the prospect of the company. As is 

seen from Schwart and Moon’s model, there are no parameters that can further measure the 

worldwide shrink of HP’s main business and the trend of such continuous contraction. Hence 

the model cannot reflect the market anticipation that is already reflected in the price of the 

stock. In terms of this, there is no potential growth opportunity from mean-reverting process. 

Given that the main business is shrinking and other business at present do not reveal 

sufficient competitive advantage and growth propect,  the stock of HP is not reommended to 

hold.    

If the theoretical price is viewed as  the true value of the company, then the result shows that 

the price of HP is underestimated. The conclusion that the price may reflect a sort of 

pessimistic sentiment will be acquired. Following the principle of “value” investment, the 

suggestion should then be buying its stock and waiting for the price reverting to its normal 

level. Actually, this is also the most possible action after the investor see such a research 

outcome. If one buys the stock under the guidance of the value investment principle, another 

problem arises that how long the process of reverting to its true value is going to be taken. 

According to the final setting of the parameters, HP is assumed never returning to the 

average level if its business structure is not changed in the future, which means the stock 

holders who invest in the stock according to this intrinsic value will have a really long 
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time(more than 100 years) to wait. This is absolutely preposterous! First, if the average rate 

of return of the market is higher than the growth brought by mean-reverting process, why not 

buy the index of S&P 500 directly? Second, not only the opportunity cost needs to be 

considered but also the risk of holding the stock for a long time. After all, based on this 

pricing outcome and the current information, no one will guarantee that the company is 

already on the way of reverting to the mean value instead of deviating farther from the 

average. Recall the collapse of Long-Term Capital Management in 1998. Just as 

Keynes(1936) pointed out, in the long run, the price will go back to its long-term average 

value but the time of deviation from the normal level is always longer than your survival time 

in the market.  
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Chapter 6: Conclusion 

During the calculation and analysis in chapter 4, the article has exhibited in detail how the 

payoff structure is altered by adding the flexibilities of decision-making into the tree and 

elaborated how the flexibilities enhance the value of the project. It can be found that nearly 

all increments created by the flexibilities are directly related to such alteration in the structure 

of payoff shown in the exhibits. Further, the alteration in payoff structure is mainly reflected 

in the change of the symmetry in payoff distribution. Therefore, the article attributes the 

value increment brought by options to the existence of such asymmetry and emphases the 

concept that it is the asymmetry in exercising the options that directly creates the value of 

options.  

In chapter 5, the Schwart and Moon’s model has been applied into the valuation of the 

Hewlett-Packard Development Company. Although the original valuation result generated by 

the model is much greater than the market price, the final outcome after making an 

adjustment to the reverting speed is acceptable. During the previous analysis, the article 

attributes the gap between the theoretical price obtained from the model and the market 

price to two possible reasons: first, the model does not contain the parameter that can reflect 

the market anticipation for the business and growth prospect of the firm, and only simplifies 

the variation in the value as the reversion towards the long-term mean value; second, the 

current low price is likely the reflection of the pessimistic sentiment on the firm and in the 

long run it will revert to the normal price. But this is not a good reason to recommand the 

stock, because, no matter judging from the opportunity cost of buying the stock or the risk of 

holding it for a long time, the stock do not seem profitable based on the current available 

information. Cause it is not the obligation for the investor to buy HP’s stock, then the option 

to defer is available in this case. Therefore, one solution to this situation is waiting for the 

new information and making the decision later! 

However, one limitation in this article is that although the statement that the asymmetry 

creates value is proposed, the evidence to support this judgement is not sufficient so far 

especially in the area of investment and valuation. It seems that there is a great deal of work 

to do in the future to further unfold this argument. 

In conclusion, as can be seen from the previous calculation and analysis in project valuation, 

the real options approach plays a key role in discovering the potential value of the project 

with flexibilities to change with market conditions. Additionally, Schwart and Moon’s model 

also has a certain degree of reliability in the terms of assessing the value of a company. It is 

reasonable to believe that, due to the progress of computing technology, real options theory 

will be widely recognised and applied to other domains related to the pricing of uncertainty. 
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Appendices 

Sensitivity Chart 1 

 

Sensitivity Chart 2 
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Sensitivity Chart 3 

 

Sensitivity Chart 4 
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Sensitivity Chart 5 

 

Sensitivity Chart 6 
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Sensitivity Chart 7 

 

Sensitivity Chart 8 
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Figure 5.1 Regression Result of HP’s Variable Cost 

 

Figure 5.2 The Regression Line of HP’s Variable Cost 
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Figure 5.3 The Regression Result of IBM’s Variable Cost 

 

Figure 5.4 The Regression Line of IBM’s Variable Cost 
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