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1 Introduction

Decision making in Corporate Investment has always been a difficult undertaking for analysts. Traditionally, NPV and Decision Trees have been the fundamental tools for modeling investment opportunities. Recently, there has been a growing interest in financial Option Pricing Models (OPMs) in the corporate investment domain. The value of flexibility under uncertainties has been realized long back. Decision trees were the only available tools to quantify this value. However, the complexity of decision trees has hindered their widespread adoption.  Real options offer a simpler alternative to assess the value of this flexibility.

Formal decision-making is of utmost importance in areas such as US government environmental policy making, energy policy making, as well as financial risk analysis. Formal decision-making is widely adopted, especially in the financial world where some of these decisions actually directly impact our lives. For example, when the Federal Reserve Bank studies every quarter or so whether to raise interest rates in the US, scores of complex parameters are involved and the ultimate decision impacts us all. The example we propose to present is however a much less complex problem, but it is in no way representative of the types of wide decisions that can be modeled using these formal methods.

In this paper we present a case of real options contrasted with traditional models such as NPV and decision trees. We explore each of these models in a common framework by using a hypothetical example of a cell phone company (Extel). The company is evaluating a project that would add web-browsing features using a pointing device. Given the future uncertainties about the acceptance of web-browsing technology, it is not clear if investing a huge amount of capital today is the right decision.

2 Extel’s Web-phone Project

Managers at Extel have proposed to enhance the browsing feature of their cellular products. They plan to introduce a pointing device similar to those available on PDAs, for navigation purposes. This enhancement would require a major redesign of the hardware and some enhancement of the software. The company is currently the leader in the cell phone market. However, by introducing the new phones, it faces stiff competition from PDA vendors. 

In the following sections, we evaluate the project using NPV, Decision Trees and Real Options Modeling and explain the fundamental differences among the models.
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3 Net Present Value (NPV)

Traditionally, Net Present Value has been computed as the difference between how much the operating assets are worth (their present value) and how much they cost. If the NPV is positive, the project is viable. A negative NPV implies that the corporation is better off not making the investment.

Table 1 illustrates the NPV analysis of the web-phone project.  Managers estimate that the initial investment is $100 million. At the end of the first year, the expected revenue is $50 million. Further development requires $800 million and the generated revenue in the following two years are both $500 million. Suppose the risk-free interest is 5%. The cash flow is then discounted by a factor of 1/(1+5%) every year.  As shown below, the computed NPV turns out to be negative. In this case, management will discard the project immediately. However, the proponents of the project have the intuition that the project is feasible. Their intuition is founded upon the uncertainties of projected revenues. These revenues in the table can change drastically given the current uncertainty about future acceptance of web-phones. Clearly, the managers need some tools to measure this uncertainty before they discard the project.

The remedy is to incorporate the uncertainty factor into the model [8]. In practice, the discount rate consists of risk-free interest rate and a risk factor, which is estimated from the variance of different possible outcomes. This approach also discourages investment since the higher the risk, the smaller the resulting NPV. It actually contradicts the fact that a higher risk may generate a greater reward. Another modification to the classical NPV analysis is to calculate the expected revenue with probability theory. This idea is similar to that of decision trees, which is discussed in the next section. 

4 Decision Trees

Decision Trees [9,10] are a tool for decision making in projects where a lot of complex information needs to be taken into account. They have been around since the 1960s. They have been used in various fields such as Financial Modeling, Statistics, Artificial Intelligence, Data Mining, and many other areas. They provide an effective structure in which alternative decisions and the consequences of taking those decisions can be laid down and evaluated. They also help to form an accurate and balanced picture of the risks and rewards that can result from a particular choice. 

In the IT field, more specifically, the introduction of new technologies often involves considerable uncertainties. Furthermore, past investment strategies and life cycle costing techniques did not adequately account for the value inherent in options to abandon, contract, modify, or expand a project as a result of future developments such as technology trends, or changes in requirements. Information about such future events was by definition incomplete and hence, was rarely incorporated into objective cost benefit measures. The importance of modeling even the very limited knowledge of these future events cannot be over emphasized. Decision trees can help in accounting for such information about the likelihood of future developments; this accounting can then be incorporated into present value and cost benefit assessment. Note for example, that a project that gives the choice of being abandoned is more desirable than one that does not: should things go wrong unexpectedly, the project can simply be scrapped in the former case.

Decision trees incorporate in their model the risks and decisions associated with an investment, including future decisions. These future decisions can be viewed as investment options. Hence, at the end of each path in a decision tree, we add a value associated with that path. A cash flow model linked to the tree usually calculates this value. To make any estimate of cash flows over the uncertain future phases, certain assumptions have to be made. Optimistic assumptions often yield higher cash flow estimates whereas pessimistic assumptions often yield lower estimates. In addition, the probability of the forecasting error related to the expected cash flows is computed and displayed on top of the concerned branch.

4.1 Applying Decision Trees

In the lines that follow, we will attempt to step through building the decision tree for our example. The objects used in drawing the diagram follow the most widely used convention for drawing decision trees: squares for investment decisions and circles for project uncertainties or random factors.

To setup the decision tree, we start drawing the tree with a decision that needs to be made. This decision is represented by a small square towards the left of a large piece of paper for example. From this box we draw lines towards the right for each possible resolution, and write that resolution along the line. We keep the lines as far apart as possible so that the tree can be expanded. At the end of each solution line, consider the results. If the result of taking that decision is uncertain, draw a small circle. If the result is another decision that needs to be made, draw another square. Write the decision or factor to be considered above the square or circle. If a complete solution has been identified at the end of a line, it may be left blank.

Coming back to our example, we have added expenditures below the lines and revenues above the lines (see Figure 1 below). At year zero an expenditure of $100 million is incurred to develop the new phones. At the beginning of the second phase, a revenue of $50 million is generated, resulting in a net value of $750 million, discounted by 5%, to return $714 million. We now get to a circle where an uncertainty arises (market reaction). We then compute the probabilities related to taking one of three possible outcomes: Favorable acceptance, Moderate Acceptance, and Poor Acceptance of the new phones each with probabilities 0.4, 0.4, and 0.2 respectively. At the end of this phase, there are expected revenues of $750 million, $500 million, and $300 million, all of which are discounted by (5%)2. These numbers are added to the tree. In the last phase, the final expected revenues are computed and added along the lines. These are $750 million, $500 million, and $300 million, respectively. Again, these numbers are discounted by (5%)3. The final tree and its corresponding table are given below in Figure 1 and Table 2. Note that the NPV is now positive.
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Though decision trees can be helpful in making some informed decision, their subjectivity led to their decreased use. To overcome disadvantages of decision trees a lot of corporations are considering alternatives. Recently Real Options have generated a lot of interest in this area. Real Options are an alternative way of evaluating options underlying in real world projects. In the next section we discuss options in more details.
5 Financial Options and Real Options

Options have been studied extensively in financial literature and are well understood in financial domain. An option confers upon the owner the right, but not the obligation, to take an action in the future. Options always have timing restrictions. Every option has an expiration date after which the option can no longer be exercised. European Options can only be exercised on their expiration date unlike American Options that can be exercised on or before their expiration. American options offer interesting opportunities to the owner. The value of the option changes over time, as future uncertainties are resolved. The owner can maximize his/her profits by exercising it at the right moment. Options also differ in terms of the right being conferred. In financial market terms, a call option confers upon the owner the right to purchase a security at a fixed price where as a put option offers the right to sell a security at a fixed price. 

Businesses often face the problem of making irreversible investments under uncertainties. In our example, Extel is facing the problem of investing a substantial amount of software and hardware in its mobile phones to make them browser ready (web-phones). At present it is unclear how often people would be using web-phones for browsing. In the future, new applications could come in the market that can change the way people would like to browse. If web-phones indeed become popular, Extel can make billions by being early in this market. Since the investment requires huge amounts of capital, it would be unwise to invest in web-phones right now. By delaying Extel can learn more about the future and resolve some of the uncertainties. Waiting too long can be fatal as other competitors can grab the whole market share. To solve this dilemma, Extel can do the following: 

It can make an investment small enough to keep the costs under failure reasonable and big enough to give it a competitive edge if the market reacts positively to phone browsing. 

By now the application of financial options to the Extel's problem is clear. In financial terms Extel is considering buying an American call option by making the small investment today. By investing now, Extel will have the option to purchase the market share in the future by making a full investment. In corporate domain we call such an option a Real Option. To justify the initial investment, Extel has to quantify the value of this real option. The initial investment would make sense only if this real option has more value than the initial investment. This is where analogy of real options with financial options becomes useful. The same financial option pricing models (OPMs) can be applied to value a real option. Before we discuss the application of OPMs to pricing Real Options in detail we first present two fundamental OPMs.

5.1 Financial Option Pricing Models

The field of finance has developed a variety of option pricing models (OPMs), with fundamental ones being the Binomial and the Black-Scholes models. Black, Scholes and Merton proposed the Black-Scholes model in the early 1970s. This model has been used extensively in finance to price any derivative security dependent on a non-dividend-paying stock. The Black-Scholes equation is used to obtain value for European call and put options on the stock. The model assumes that investors are risk- neutral. This assumption is the basis of Black-Scholes. In a world where investors are risk neutral, the expected return on all securities is the risk free rate of interest, r. To account for the future uncertainty, the model uses volatility (or variance) of the market, (. In this report we use Black-Scholes as a black box. Interested reader can get more information in [3]. 

The Binomial model can be considered the discrete version of the Black-Scholes model. It works very much like decision trees discussed earlier. The only difference is in the way probabilities are calculated. In binomial models, probabilities are derived using the volatility of the market. Binomial models can be used to price both European and American options. In this report we do not discuss binomial models further. More information on the model can be found in [3].

5.2 Applying the OPMs

The key in applying OPMs to corporate investment problems is realizing where the option lies. It is very easy to skip an embedded real option that can result in bad investment decision. In our current example, Extel is the leader in mobile phones today. Therefore it does not face an immediate threat from the other players in this market. The other players are not in the position to buy the same real option as Extel. This is very different from financial domain where options are traded in free market where anybody can buy any option. To resolve this, one should realize that Extel already has an American call option to buy the real option mentioned earlier. After realizing this Extel's problem becomes more interesting. It should not only decide whether to buy the Real Option of early entry into web-phone market but also when to buy this option. 

Options on options are very common in corporate investment world. In this example, Extel should first determine the value of the real option of entering into web-phone market. Next it should decide when to buy this option. Extel cannot defer this decision forever otherwise the current small players might acquire the ability to start web-phone investments. In financial terms, if the web-phone real option is a positive bargain, Extel should buy it before the option of buying it expires. 

To make the analysis simple, in this paper we assume that Extel has decided to exercise its option to buy the web-phone real option this month. Hence we are only concerned with the value of the web-phone real option. 

5.3 Applying the Black-Scholes Model

Instead of using the Black-Scholes Model natively, we use the framework presented in [4]. It uses a table to look up the value of the option. This value is calculated using two values - NPVq and 
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. ( is the volatility of the market under consideration and t is the time until the option expires. Instead of using NPV, it uses NPVq, which is S ( PV(X). S is the present value of the project's assets (web-phone market) and X is the expenditure required to acquire the project assets. NPVq uses PV(X), which is the discounted present value of X.

To analyze Extel’s project we divide the project into two phases. The first phase involves purchasing the web-phone real option and the second phase involves exercising the web-phone real option. We compute the NPV of each phase separately. In the first phase the investment is being made now, so there is no future uncertainty.  The NPV of phase 1 is the traditional NPV of –$8.4 million. To calculate the NPV of phase 2 we use the framework developed in [4]. In this example S = 708.8 and X = 800. The rate of return is assumed to be 5% as before. Lets assume that ( is 40% and t is 1 year. Now we can combine these values and compute the rate of return for phase 2.

NPVq = 
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By looking up the table in [4], we see that the rate of return is 13%. This implies that the value of web-phone real option is 13% of the value of the underlying assets S.  Therefore, the NPV for phase 2 is $92.14 million. 

The NPV of the entire proposal is the sum of the NPVs of the two phases. This gives 

Overall NPV = -8.4 + 92.14 = $83.74 million

This is substantially more than what was calculated by traditional NPV method. This clearly supports our initial claim that traditional NPV is unable to capture the large value of embedded real options that can swing the final decision in favor of the web-phone project. 

As with decision trees the hardest part in Black-Scholes model is to quantify uncertainty of a future outcome. Here we model uncertainty as variance. There are many ways to come up with a value of variance for a particular project. Variance of related stocks can give a good estimate of variance. In our example Extel can derive variance by looking at the variance of Internet and wireless market. In cases where the opportunity is unique, one can use 30% to 60% variance [3]. In our example we assume the variance to be 40%. To learn more about how to calculate variance refer to [4]. In practice, one always has to do sensitivity analysis to identify the impact of assumptions. After computing the option value for a particular variance, managers can change the variance to get pessimistic estimates of the option value. In the Black-Scholes model, sensitivity analysis is simple, as one only has to change one parameter, which is volatility. 

One has to be careful while applying the Black-Scholes model to evaluate real options. The Black-Scholes model assumes European call options but most of the real options including our example web-phone real option are American options. The company almost always has the right to invest earlier if uncertainties are resolved earlier or competition is increased. Having said that, Black-Scholes is still useful to get an insight into the value of the option. All things being equal, American options are always more valuable than European options. Therefore Black-Scholes can give a lower boundary of the option value. To account for flexible investment schedule, one can look at a few possible schedules and get an estimate of each schedule's value. 

Real options only estimate the value of options. This estimate will only be as accurate as our assumptions about variance. The key is to get insight into the value of the option. Real options with their powerful models offer a framework to quantify our intuition about a project. It's easy to realize how an investment can buy an option for the company. This observation alone cannot justify the investment unless we have an estimate of the value of the option we are buying. In light of this discussion, real options can be defined as the first step to getting some initial numbers for the project. As with any other investment project a good intuition is still the key to success.

6 NPV and Real Options

In light of the current example, we observed that there is a big gap between the NPV model and the real value of the project. 

NPV assumes stationary process

The new information obtained and the uncertainty resolved over time could not be effectively incorporated into the calculation of NPV. Therefore NPV actually views the change of the software development project and the evolution of the market as stationary processes, i.e., within time T, all changes are governed by laws that do not change over time. Furthermore, it does not take the corresponding reactions of the decision makers into consideration. For example, due to the emergence of competitors and new technologies, the project course could be significantly changed or the whole project could be abandoned in order to avoid bigger losses. In the face of these uncertainties, NPV tends to under estimate the value of a project, thus leading to under investment.

NPV assumes the option matures immediately

In real options terms, NPV models a project in which the embedded option matures immediately. However, most investment activities are not of the type of "now or never". The decision could be deferred in order to achieve maximum profit. By waiting, more uncertainties may be resolved and the implementation cost may be decreased. On the other hand, market shares could be lost and no revenue is generated between now and the time the decision is made. NPV cannot express this dilemma and therefore it can only answer the question: "should an investment be made", but fails to answer the question: "when is the best time to invest".

In short, NPV tends to favor under investment. It might be suitable for decision-making in traditional industry, but certainly not for IT investment where uncertainties abound.

7 Decision Trees & Real Options

As we have introduced earlier, decision trees offer an alternative to financial option pricing models for assessing real options. 

Decision trees can be safely used in some cases to shape and assess real options. The value of the option will stem out from the paths in the decision tree in which the option is exercised. However, thoroughly assessing market risks is rendered harder in decision trees, unlike in other models. This stance is exacerbated by the fact that risk analysis is most often based on subjective rather than an objective, market-based approach. This subjectivity is the result of the assumptions made during cash flow estimation. This may skew the outcome of the decision being modeled since the tree model did not reflect real world data. This fact is one of the main criticisms that real options and financial analysts make against decision trees. However, applying more formal methodologies or hybrid models in making the subjective decisions can lessen this skewed-ness.

Decision trees and real options are not disjoint but can rather be complementary. Since options pricing uses market values of existing securities, this can replace the assumptions that are made in decision trees. More specifically, if there is a parallel traded asset similar to the one being modeled using trees, the analyst does not have to go through the lengthy exercise of estimating cash flows and probabilities of associated future scenarios. The model for the parallel asset could be used instead. This is not, however, an all-inclusive solution: not only must private risk be accounted for, but also if there is not a closely related asset, the parameters of the model must still be estimated and the probabilities computed.

Overall, decision trees allow for more general specification of uncertainties than financial options. Hence, whenever a decision needs to be made on an investment whereby lack of data is prevalent (especially data related to traded assets), decision trees are most likely the best candidates. For example, deciding to release a new software product that did not exist before could be modeled using decision trees. This makes decision trees particularly suitable for the IT field, where market data is most of the time non-existent for a new product. However, decision analysts should be wary not to overuse decision trees: they can degenerate into very complex models (“bushy trees”), thus defeating the purpose of their use in the first place.

One of the main advantages of decision trees over financial option pricing models is their transparency. Furthermore, building the tree is the result of several analysts working in tandem, resulting in overall a better model. Decision trees also allow analysts to make general statements such as “within a year, we will know whether our product is a failure, a moderate success, or a hit.” This characteristic makes them more appealing to management, where technical jargon may sometimes lead to pure rejection of a project for lack of a clear and concise communication medium. To circumvent situations like this, the Monte Carlo Simulation, an increasingly more popular alternative approach to project valuation, has been pioneered. Detailed discussion of Monte Carlo is nonetheless beyond the scope of this paper.

Unlike some of the most recent modeling tools such as Real Option Valuation, the use of decision trees in decision-making is declining. Though they are very simple to use and understand, computing the probabilities related to the different possible branches in the tree is very complex, especially if each node in the tree has several branches. This is one of the main reasons why their widespread use has not come about. Hence, the resolution to use decision trees may end up being a double edged sword: though the final tree is easier and simpler to use than other decision-making tools, the path to getting this final tree can be a steep one.

8 Conclusion

In this paper we discussed three decision-making tools and contrasted them. Each one had its own merits in its own time, until it reached its limitations. We showed that the more traditional tools (NPV and Decision Trees) do not adequately reflect the potential worth of an IT investment project. It is our belief that these will see a decline in their use for modeling investment problems in favor of real options. As for real options, we observed that their recent application has seen a surge both in the Finance world and the IT field. However, there are certain limitations of modeling real options as financial options. Financial options are traded in the free market whereas real options cannot be traded freely in the market. Furthermore, it is difficult at times to come up with a good estimate of volatility when the opportunities presented by the option are unique. This leads to a subjective analysis of the problem at hand. Doing a good sensitivity analysis of the subjective assumptions made in the model can alleviate this problem. 

9 Future Work

We would like to do a case study for a software development project from the real world. It will not only test the feasibility of the idea of applying real options theory into the software engineering domain, but also help develop a framework. We believe that in order for the Option Pricing Model to be successfully applied in the IT field, some necessary changes will have to be made to the model. In this framework, we also would like to try and identify the real options embedded in software development projects and categorize them in order to help the typical engineer in applying financial models.
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Year�
0�
1�
2�
3�
�
Operating Projections�
�
�
�
�
�
Revenues�
�
50�
500�
500�
�
Expenditure�
100�
800�
50�
100�
�
Cash Flow�
-100�
-750�
450�
400�
�
Discount Factor�
1.000�
0.952�
0.907�
0.863�
�
PV (by year)�
-100�
-714�
408�
345�
�
NPV (sum of all years)�
-61�
�



Table 1: Extel’s Initial Project Estimates Using NPV (in millions)
































Phase 1


Year�
0�
1�
2�
3�
�
Operating Projections�
�
�
�
�
�
Cash Flow�
0.0�
50�
25�
25�
�
Investment�
-100�
�
�
�
�
Discount Factor�
1.000�
0.952�
0.907�
0.863�
�
PV (Cash Flow)�
0.0�
47.5�
22.6�
21.5�
�
PV (Investment)�
-100�
�
�
�
�
NPV (sum of years)�
-8.4�
�






Phase 2


Year�
0�
1�
2�
3�
�
Operating Projections�
�
�
�
�
�
Cash Flow�
�
0.0�
425�
375�
�
Investment�
�
-800�
�
�
�
Discount Factor�
1.000�
0.952�
0.907�
0.863�
�
PV (Cash Flow)�
�
0.0�
385.4�
323.4�
�
PV (Investment)�
�
-761.6�
�
�
�
NPV (sum of years)         �
-52.6�
�



NPV (sum of all years)                  �
-61.0�
�









Table 2: The decision tree’s data table





Year�
0�
1�
2�
3�
�
Operating Projections�
�
�
�
�
�
Revenues (Favorable = 0.4)�
�
50�
750�
750�
�
Revenues (Moderate = 0.4)�
�
50�
500�
500�
�
Poor Revenues (Poor = 0.2)�
�
50�
300�
300�
�
Expected Revenues�
�
50�
560�
560�
�
Expenditure�
100�
800�
50�
100�
�
Cash Flow�
-100�
-750�
510�
460�
�
Discount Factor�
1.000�
0.952�
0.907�
0.863�
�
PV (by year)�
-100�
-714�
462.5�
397�
�
NPV (sum of all years)�
45�
�
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