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• In the last seminar, we talked about: 
- The intuition behind options 

- How to calculate NPV (with infinite periods) 

- How to value an real option 

• The solutions to the seminar problem set 1 has been sent to you 
and uploaded to my website 

• The assessment for this module is due in Week 27 (03/04/2023) 

• Please note that you can book multiple slots for my office hour, 
if you think you will need a large amount of time. 

• This week we will be discussing 
- Exam questions and seminar questions for real options 

- Risk neutral probabilities 

- Efficient market hypothesis

Recap



NPV
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• Note that managers have been observed to accept negative NPV projects. 
- In the previous example, we can also calculate the NPV of £100 state: when discounted to the 

present at 10% and weighted by its 50% probability, this state contributes to -£318.2 to the 
NPV, leading the average NPV to be £363.6 

• The main difference between NPV methodology and real options is that 
the former discounts expected cashflows at a constant discount rate. 
NPV implicitly assumes that no decisions will be made in the future— that 
all expected cashflows are pre-committed. 

• A second important difference between NPV and real options is that they 
deal with mutually exclusive opportunities in quite different ways. NPV 
treats the decision to defer one year as a mutually exclusive alternative 
from deferring for two years and so on. The NPV of each possible deferral 
choice is calculated, and we then choose the maximum of the set. In 
contrast, real options analysis uses a decision tree and works backward 
through it, from the future to the present, to calculate a single value.

Discussions on Real Options versus NPV



• They both make state-contingent future decisions 

• Decision trees assume a constant discount rate — either the 
risk-free rate or the weighted average cost of capital— 
throughout the tree.  

• Real options analysis uses replicating portfolios and obeys the 
law of one price. Implicitly, it changes the risk-adjusted discount 
rate at each branch in the tree.  

• If we extend the simple one-period example given above to the 
two-period example, decision tree may face difficulty on 
choosing discount rate

Discussions on Real Options versus Decision Trees



• The risk-free rate of interest is not equivalent to the discount 
rate, WACC.  
- Most corporate finance analysts would estimate WACC by finding the beta of a 

firm whose systematic risk is similar to the project, assuming a market risk 
premium, a tax rate, a target capital structure, and a risk-adjusted cost of debt.  

- But there is another approach— to find a priced security that has perfectly 
correlated payouts with the project — a twin security. 

- According to the law of one price, which prevents arbitrage, the current price of 
the portfolio must equal the present value of our project 

• When calculating real option values, twin security don’t work 
-  These payouts are not perfectly correlated with the twin security or the project 

itself. However, we can use put-call parity to construct a replicating portfolio that 
is made up of m shares of the twin security and B default-free bonds

Missing discount rate



2020 Exam Question 1
The UK is negotiating fishing access in the post-Brexit trade deal. Assuming the deal is signed 
by 31 December 2020, it is expected to be worth £20 billion to the UK in present value terms. 

By December 2021, this expected present value of the deal will either increase to £30 billion 
or fall to £13.33 billion. 

Between the end of 2021 and the end of 2022, this will go up or down again; the deal will be 
£45 billion if the value has increased 2 years running; £20 billion if it has had one rise and 
one fall (in either order); or £8.88 billion if it has fallen twice in a row. 

The objective probability of a rise in any given year each year is 70%. 

Currently, the deal will cost £21 billion to implement. 

- Delaying the decision (extending the negotiation) to the end of 2021 will cost £3.5 billion 
(whether or not there is a deal) and increase the implementation cost by 10%. 

- A further extension (to the end of 2022) will cost an additional £0.5 billion and increase 
implementation cost by a further 10%. (Extension costs are paid when the decision to 
extend is made; implementation costs are incurred when the deal is concluded). 

- There is a tradeable security that currently (in Year 0) costs £2 billion per unit and follows 
a binomial lattice with u= 3/2 and d= 2/3 (meaning the price in any given year is u times 
the previous price if the asset goes up and d times the previous price if it goes down). It is 
correlated with the change in the PV of the deal. The riskless rate of interest is 5%. 
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2019 Exam Question 1



Risk-neutral probabilities

• Note: risk-neutral probabilities are not “real” probabilities; they 
don’t reflect the actual odds of any particular cash flow. They are 
simply another way of determining the project’s market value. 



2021 Exam Question 1



• A critical and dubious assumption is that we can describe the 
process behind the value of an underlying objectively and 
clearly – this effectively states that properly- anticipated prices 
will vary randomly (exogenously) 

• But will this hold? 
- Apple’s stock price might be correlated with other tech companies 

- Apple’s stock performance today might be related to its performance yesterday 

- Apple’s stock may fluctuate around a mean value

Efficient Market Hypothesis (EMH)



• Fama saw financial markets as competitive, so price fluctuations 
must converge to the ‘true’ value.  

• Fama’s “Prices fully reflect all available information” lacks a 
clear definition of things like ‘prices’, ‘information’ and ‘reflect’ – 
it is also not clear how this has to happen (what ‘efficient’ really 
means).  

• Samuelson believed randomness and unpredictability arise from 
competition among investors, independent of ‘true value’.  

• In informationally efficient markets, price changes must be 
unforecastable if they fully incorporate the information and 
expectations of all market participants.  

• The more efficient the market, the more random the sequence 
of price changes it generates 

Fama versus Samuelson



• Weak form: current price reflects the information contained in all past prices, so 
charts and technical analyses that use past prices alone would not consistently 
outperform the market.  

• Semi-strong form: current price reflects the information contained in all public 
information (including financial statements and news reports), so no strategy 
predicated on using and massaging this information can consistently outperform 
the market.  

• Strong form: current price reflects all information, private and public, so no 
investor can consistently beat the market.  

• No group of investors should be able consistently to beat the market using a 
common investment strategy.  

• An efficient market would also carry very negative implications for many 
investment strategies and actions that are taken for granted -  

Implications



• “The growing availability of data and the use of technical and ‘big data’ analysis tools will make 
capital markets (strong-form) efficient.” Discuss whether this is true and the implications for 
market regulation. (50 marks) 

• Should discuss the efficient markets hypothesis conclusion that no strategy can ‘beat the 
market’ consistently and forever; thus technical analysis will not (under ideal conditions) pay off. 
But trades made in this way will reflect a broader set of relevant information which are then 
embedded in market prices. A second point concerns the set of information used; there is a 
potential issue of endogeneity that suggests that not all data will be available to all potential 
investors – as a result of this asymmetry, the market may be incomplete. Another question is 
whether ‘big data’ tools can identify technical vs. fundamental divergence (treating all data as 
unstructured). A further uncertainty is whether sophisticated (next-gen) algorithms will succeed 
or be driven out by fast/stupid ones. The computational disadvantages and noisiness of analytics 
applied to unstructured data – and the widespread availability of computing platforms to the 
public - may lead such models to incorporate only publicly-available data and thus to generate at 
best semi-strong efficiency. A good answer might also discuss whether strong efficiency 
necessarily implies semi-strong efficiency or vice versa. The regulatory implications are that 
market behaviour may become less predictable and more chaotic, that linkages between the real 
and financial economies may ‘rewire’ and that control of data (and markets in data) may overlay 
both real and financial economies. This may mean that we need to consider information flow and 
access regulation, algorithmic regulation, structural regulation, etc. 

2021 Exam Question 2



• Discuss the differences between the Fama and Samuelson approaches to the 
efficient market hypothesis. What are the different types of market efficiency, and 
how might they be affected by e.g. better and more accessible market data, 
enhanced computation methods (such as machine learning) and regulation? Do you 
agree with the statement that “financial regulation should seek to make markets as 
efficient as possible, and nothing more” – explain your answer. [50 marks]  

• Fama saw financial markets as competitive, so price fluctuations must converge 
to the ‘true’ value. He sought to reconcile technical and fundamental market 
analysis; given a single ‘grounded truth’, technical analysis is the means by which 
the fundamentals are identified and recognised; the random fluctuations are around 
this convergence, not the convergence itself. Fama’s “Prices fully reflect all 
available information” lacks a clear definition of things like ‘prices’, ‘information’ and 
‘reflect’ – it is also not clear how this has to happen (what ‘efficient’ really means).
For Samuelson, randomness and unpredictability arise from competition 
between investors, independent of ‘true value’. Price changes In informationally 
efficient markets must be unforecastable if they are properly anticipated (fully 
incorporate the information and expectations of all market participants). In other 
words, the more efficient the market, the more random the sequence of price 

2020 Exam Question 2



• changes it generates - the most efficient market is one in which price changes are completely random 
and unpredictable. This is not an accident, but the direct result of many active market participants 
attempting to profit from their information. An army of investors pounce on even the smallest 
informational advantages at their disposal; thus their information is incorporated into market prices and 
quickly eliminates the profit opportunities that first motivated their trades. If this occurs 
instantaneously, which it must in an idealized world of ‘frictionless’ markets and costless trading, then 
prices must always fully reflect all available information. Therefore, no profits can be garnered from 
information-based trading because such profits must have already been captured. In mathematical 
terms, prices follow martingales.  

• Students should differentiate efficiency with respect to different information sets (weak=past prices; 
semi-strong=public information; strong=all relevant information) and (optionally) informational, 
operational etc. efficiencies. Better data may bring markets closer to efficiency w.r.t. that data set, but 
possibly produce responses that are not efficient w.r.t. subsets (if data are not common knowledge). 
The speed and completeness with which data are spread and priced in may discourage investors from 
bringing them (esp. to public exchanges). Machine learning can improve efficiency, but can also lead to 
herding and/or algorithmic departures from the competitive ideal (as algorithms respond to each other, 
or as speed premium encourages fast/stupid models). Regulation that does not distinguish good from 
bad motives for a given behaviour (e.g. quote cancellation or naked short sales) can produce new 
forms of market manipulation or even drive economic activity away from markets. It can limit the speed 
of trade discovery and execution, inhibit abuses like quote-stuffing or obfuscation, and mandate even 
disclosure and verification of data. Efficiency may be an inadequate goal (it may stop markets from 
doing a second-best job of identifying and supplying capital to the best ‘real economy’ ventures, etc.  

•

2020 Exam Question 2



• “The random walk hypothesis” states that stock market prices evolve according to a random walk - so 
price changes are random - and thus cannot be predicted. The efficient markets hypothesis states that 
asset prices fully reflect all available information (implying that it is impossible consistently to "beat 
the market" on a risk-adjusted basis since market prices only react to new information). What, if any, is 
the relation between these two hypotheses (Does either imply the other? How can they be tested?)  

• These hypotheses are not directly related – neither strictly implies the other. The EMH says that the 
information available to the market at time t-1 and at time t is the same unless something happens 
outside the market. Effectively, you cannot test market efficiency without knowing how the market 
uses information to set prices. So you can either assume a mechanism for price setting and use this to 
test efficiency or assume efficiency and test market behavior – but not both at once. That’s why Fama 
says that the EMH is too general to be tested. The RWH is an assumption about how the joint 
distribution of prices evolves; to get from the EMH to the RWH we’d need to assume something like 
competitive markets.  

• A further refinement is that prices are pretty simple compared to the possible range of ‘all 
information’ (semi-strong and strong forms of EMH). This in turn means that there is no obvious 
reason why weak-conclusion that the expectation conditioned on all past information is the best 
predictor is valid: 

2019 Exam Question 2

• Students should note that EMH is a statement about aggregates or averages. A good answer will 
note that computing a conditional expectation does not necessarily say anything about how the 
market behaves. As for RWH, it says that discounted returns are unpredictable after corrections for 
dividends; but prices or returns themselves might be predictable. In particular, CAPM modelling 
shows that long-run excess returns are quite predictable. What is not predictable are attitudes 
towards risk – the ‘price of risk’.


