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MIXED STRATEGIES

• If the optimal strategy is simultaneously 

the maximum of its column and the 

minimum of its row, the point of equilibrium 

has been reached, the point is a saddle 

point, and the competition is solved by 

pure strategy.

• If there is no saddle point, the game is 

solved by mixed strategies.
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Example 2
Droflas Associates and SMM are in the process of 

devising a plan to compete for securing a very 

lucrative commission. Each company has two fee 

strategies (low fee and high fee)). The payoff matrix is:

SMM Row 

Minimum

B1 B2

Droflas A1 2 5 2

A2 6 1 1

Column

Maximum

6 5
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• What is the optimal strategy for each 

company?

• The solution is to select the strategies at 

random with some probability, say p, of 

selecting A1 in preference to A2, and 

some probability, say q, of selecting B1 in 

preference to B2.

• What is the optimal value of p and q?
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• ANSWER TO EXAMPLE 2

• Let the probability of employing strategy A1 be p.

• The probability of employing strategy A2 is 

therefore p-1.

• If SMM employs strategy B1, then the expected 

gain to Droflas is “p + 6(1-p).

• If SMM employs strategy B2, then the expected 

gain to Droflas is 5(p) + 1 (1-p).

• The optimal plan for Droflas requires that its 

expected gain be the same regardless of SMM’s 

decision, so:
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• 2p + 6(1-p) = 5p + 1 (1-p)

• Therefore, p = 0.625

• Droflas’ expected gain is therefore 

2(0.625) + 6 (1 – 0.625) = 3.5

• Q is calculated the same way.

• Calculate Q.

• Note: the same solution can also be 

obtained by linear programming.
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Risk

• The term is used frequently, but what does 

it mean ?

• For something to be considered as risk, it 

MUST have three factors:

- A loss associated with it.

- Some degree of uncertainty

- An element of choice is involved.
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Risk

• A risk is defined as a potential event, either 

internal or external to a project that, if it 

occurs, may cause the project to fail to meet 

one or more of its objectives. 

A risk therefore has two aspects

– the expected likelihood (or probability) of 

that event occurring; and,

– the expected impact if it does occur.
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DECISION MAKING UNDER RISK

Characteristics:

• Each strategy results in more than one outcome;

• Probability measures are attached to each 
outcome.

Assumptions:

• More than one strategy;

• More than one state of nature;

• The probability distributions for the relevant 
outcomes are known for each strategy;

• The optimal strategy is the one that yields the 
highest expected utility.
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Example 1

• You are invited to play a game. A coin will 

be tossed and you will receive £4 each 

time a head appears; however, you will 

pay £5 each time a tail appears.

• Will you play the game? 
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• Answer = No!

• Approximate expected utility (value)  = 4(0.5) – 5(0.5)

= -0.5

= -£0.5

• I.e., on average, over the long run, you will lose 50p 

per game.

The mathematical model is therefore:

• Expected utility = U1P1+ U2P2+ U3P3+ ….+UnPn

• Where the U’s are the monetary or utility values of 

various discrete outcomes, and the P’s represent the 

allocated probabilities.
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• Where the U’s are the monetary or utility 

values of various discrete outcomes, and 

the P’s represent the allocated 

probabilities.
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• Conditional payoff tables are needed;

• A repetitive experiment (game) is assumed;

• Utility and monetary values may not be the same;

• The expected value criterion does not take into 

account the ‘quality of risk’, i.e., it does not 

consider standard deviations.

• Different people have different attitudes to risk that 

are not reflected in this approach. Real life 

adjustments for risk can be done by the use of:

– Certainty equivalents;

– Risk premiums;

– Contingency allowances.
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CERTAINTY EQUIVALENTS

• Suppose you have a choice between receiving a fixed 
(deterministic) payoff of £1000 offered in full and final 
settlement of a claim or alternatively proceeding to 
litigation in which you can either win £10,000 with a 
probability of 0.5 or lose £2000 with a probability of 0.5.

• The expected utility of the second choice is therefore 
£4000.

• [10000(0.5) – 2000(0.5)] 

• Now let us assume that your utility function is such that 
you are indifferent between these two alternatives.

• I.e., £1000 now is equally acceptable to £4000 sometime 
in the future!
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• Then in this situation, £1000 is the 

‘certainty equivalent’ of an expected return 

of £4000 at this defined future point; and 

the certainty adjustment factor is 

1000/4000 = 0.25
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Example 2
• The marketing manager of Droflas Construction Plc has 

kept complete records concerning four types of buildings 
that it builds (I.e., offices, factories, schools, housing). 
The records contain data regarding the number of 
contracts and net revenues received by the company as 
a function of the four different building types.

• The manager has constructed a conditional payoff matrix 
shown below, based on these records. The states of 
nature refer to the number of contracts obtained. The 
numbers in the table represent utilities. Assuming all else 
is equal, (a very big assumption!) which is the best 
building type to select as a company strategy?
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State of 

Nature

N1 N2 N3 Expected 

Utility or 

payoff 

(EU)

Probability 0.2 0.5 0.3

Utility or Payoff

Strategy 

S1 (offices)

4 6 10 6.8

S2 (factories) 6 5 9 6.4

S3 (schools) 2 10 8 7.8

S4 (housing) 10 3 7 5.6
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• Answer = S3 with an expected pay-off of 

7.8. This is calculated by multiplying the 

utility of each strategy by its associated 

probability. Then summing these values of 

each state of nature for each strategy.

• S1 = (4*0.2) + (6* 0.5) + (10*0.3) = 6.8  

etc.
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Example 3

• Droflas Associates are planning their 

revenue targets and the strategies to 

achieve these targets. The data in terms of 

the three revenue targets, their respective 

utilities, various strategies (E.g., different 

combinations of fees, promotion, staff, 

new branch offices), appropriate 

probability distributions are given below. 

What is the optimal strategy?
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Revenue 

Target 

(£M)

50 75 100 Expected 

Monetary 

Value 

(EMV)

Expected 

Utility 

(EU)

Utility 4 7 9

Probabilities

Strategy 

S1

0.6 0.3 0.1 62.5 5.4

S2 0.2 0.5 0.3 77.5 7.0

S3 0.5 0.3 0.2 67.5 5.9
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• Answer = S2 For both EMV and EU

• EMV for S1 = (50*0.6) + (75* 0.3) + 
(100*0.1) = 62.5  

• EU for S1 = (4*0.6) + (7* 0.3) + (9*0.1) = 5.4 
etc.

• In this instance both the EU and EMV lead 
to the same solution. In other circumstances 
the EU and EMV could lead to different 
solutions. In this case it would be necessary 
to refine the calculation by either adding a 
weighting to the significance of EMV and 
EU to the solution, or alternatively calculate 
an indifference probability for strategy S2 
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INDIFFERENCE PROBABILITIES

• How much error can a manager make in 

the probability estimates without having to 

change the optimal strategy?
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• Example 4.

• Droflas Associates are trying to decide whether 
or not to open a new branch office in Warrington. 
A major competitor, SMM & Partners, may also 
open a new branch office in the same location, 
thus reducing Droflas’ business prospects in that 
area. Now, although 100% reliable information 
regarding the competitor’s plans is not always 
available, Droflas’ managing partner can make 
certain probabilistic statements based upon 
experience, research surveys, ‘informed friend’, 
or ‘industrial spy network’. Adopting the following 
notation:
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• C1 = SMM opens office

• p (C1) = p1 = probability that SMM opens 

office

• C2 = SMM does not open office

• p (C2) = p2  = probability that SMM does 

not open office

• S1 = Droflas decides to open office

• S2 = Droflas decides not to open office
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If the managing partner feels that p1 = 0.6, then, given the 

respective utilities, the conditional payoff matrix is:

SMM’s Strategy Expected 

Monetary 

Value 

(EMV)

C1 C2

Probability 0.6 0.4

Strategy S1 6 10 7.6

S2 4 15 8.4
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• To calculate the indifference probabilities 

we need to know the value of p1 (and 

hence p2) which will make EMVS1 = 

EMVS2. 

• This probability is the critical value that 

separates the two strategies and enables 

the managing partner to gain some feel for 

the robustness of the answer.

26AEPM L10



VALUE OF PERFECT 

INFORMATION

• What price is the manager willing to pay 
for additional information?

• The value of perfect information is the 
increase in EMV that would occur if SMM’s 
strategy was known for certain, ie p1 = 1 
or 0. If p1 =1, the optimal strategy is S1, 
and if p1 = 0, the optimal strategy is S2. 
The expected value under perfect 
information (EVPI) is therefore:
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• EVPI = 0.6(6) + 0.4(15) = 9.6,

• And the value of perfect information in this 

example is:

• 9.6 – 8.4 = 1.2

• This means that it would be profitable for 

Droflas to pay up to 1.2 EMV units for 

certain knowledge of SMM’s plans. 
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OPPORTUNITY LOSS (COST)

• What is the cost in lost opportunity if we did not 
choose the best strategy?

• If strategy S1 has been chosen and C1 happens 
in the future, then nothing is lost, as S1 was the 
best anyway. However, if S2 was chosen 
instead, only 4 units of EMV will occur instead of 
6 that would have occurred if S1 were chosen –
a 2 EMV unit loss. Similarly, if C2 turned out to 
be the future, S1 would have a loss of 5 EMV 
units and S2 would lose nothing. This can be 
summarised in an opportunity-loss matrix as 
shown:
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SMM’s Strategy Expected 

Opportunity 

Loss (EOL)

C1 C2

Probability 0.6 0.4

Strategy S1 0 5 2

S2 2 0 1.2
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• Using the criterion of minimum expected 

opportunity loss (EOL), Droflas’ optimal 

strategy is S2.

• Note that the value of the minimum EOL 

equals the value of perfect information, i.e.,

• Cost of uncertainty = value of perfect 

information = minimum EOL.
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