	Decision Analysis: Tutorial Questions
	



1. A company is considering undertaking research and development work on a new battery suitable for use in commercially-viable electric car.  Once any research is completed a decision will be made as to whether or not to manufacture the battery.

Uncertainties exist as to whether any research undertaken will be completely successful, or only partially successful; and whether demand for the battery (if manufactured) will be high or low.

a) Sketch the decision tree

b) What policy would you recommend to the company, given the following data:-

Cost of R & D = 40

Profit from high sales = 80

Loss from low sales = 40

Probability of R&D being completely successful = 0.8

Probability of high sales if R&D completely successful = 0.8

Probability of high sales if R&D partially successful = 0.3

2. An employer is engaged in wage negotiations.  By way of an initial offer he considers three possible sums: high, intermediate or low.  Any offer which is made may be accepted or rejected by the union.  The employer decides that, as a matter of policy, if the initial offer is intermediate or low, and is rejected, he will raise the offer to the next level.  If the improved offer is rejected, or an initial high offer is rejected, he will force a strike.  The outcome of a strike will be either acceptance of the offer made immediately before the strike, or the raising of the offer to the next level, a high offer being raised to ‘very high’.  Any improved offer resulting from a strike will be accepted.

Data are as follows:-






Probability

Offer

Cost

of acceptance
Very High

12

---

High

10

0.8

Int


8

0.5

Low

7

0.2

The cost of a strike is 15, and the probability of a strike resulting in an increased offer is 0.6.  What offer should the employer make?

3. (a)  A motor manufacturer proposes to introduce a new model, which is to be produced in a new plant.  Two possible demand levels for the car are considered in forward planning: high demand (s1) or low demand (s2).  The new plant can be constructed to any one of three capacity levels:-

High (a1), medium (a2) or low (a3).  The returns expected from any combination of demand and plant capacity are as follows:-

	
	Table of returns

	
	
	s1
	s2

	
	a1
	40
	11

	
	a2
	30
	20

	
	a3
	16
	24

	Probability of demand
	
	0.6
	0.4


Which capacity level should the manufacturer choose in order to maximise expected returns?

(b)  The manufacturer considers the possibility of undertaking a market research study prior to making any decision as to what plant capacity to provide.  The cost of the survey is 1, and it is expected to yield sales forecast z1, or forecast z2.

Previous surveys have been undertaken, and the numbers of occasions n(zi, sj) on which demand level sj has followed a forecast zi have been recorded:-

	
	
	n(zi, sj)

	
	j =
	1
	2

	i =
	1
	9
	3

	
	2
	6
	7


Should the manufacturer undertake the market research?

4.  A civil engineering contractor has to drive piles to support the foundations of a bridge which is to span a river.  The bridge is to be carried on two piers; one situated on the north bank, and one on the south bank of the river.  The piles are to be driven through soft ground to the bedrock, the depth of which is not known with certainty.

Borehole results suggest that rock may be found at a depth of between 11m and 13m, with the following probabilities:-

	Table I (North and south piers)

	11m

12m

13m
	0.3

0.5

0.2


The actual depth to rock at any individual pile location is not known, and all the piles must be ordered before work commences.  One possibility would be to order all the piles the same length, but if any pile proves to be too long or too short the contractor incurs losses as follows:-

Pile too long by 1m; loss £20 per pile

Pile too long by 2m; loss £30 per pile

Pile too short by 1m; loss £25 per pile

Pile too short by 2m; loss £40 per pile

Detailed examination of the borehole results suggests that the rock under the north pier site may be shallower than that under the south pier site.  Whilst insufficient data are available to permit this hypothesis to be tested the data could be interpreted in terms of the following probability distributions:-

	Table II
	(North pier)
	(South pier)

	11m

12m

13m
	0.6

0.4

0.0
	0.0

0.6

0.4


If Table II held it would be reasonable to consider further actions involving the ordering of different pile lengths for each of the peirs, e.g. North – 11m, South – 12m, etc.  If Table I and II are equally likely to provide correct interpretations of the data, and 50 piles are to be driven under each pier, suggest what action the contractor might choose to minimise expected loss.

5. Current demand for a product is 10 items per week.  Demand is expected to rise over the next three years and then to stabilise at the level attained in 3 years’ time.  The following forecasts have been made:

	Forecast of d1 = weekly demand 1 year hence

	Weekly demand

i = 10

      11
	Prob(d1 = i)

0.3

0.7


	Forecast of d3 = weekly demand 3 years hence

	Table of probabilities Prob(d3 = j/ d1 = i)

	i = 10

      11
	j=12

0.8

0.14
	13

0.2

0.46
	14

0.0

0.4


The manufacturer of the product wishes to plan for the period commencing 3 years hence.  He considers that by the start of this planning period his manufacturing capacity should take one of three values 12, 13, 14 items per week.  The desired increase in capacity (from the current level of 10 items per week) can be achieved either by ordering the extra plant now, or by ordering it in 1 year’s time, after the value of d1 has been observed.  The annual interest charges, payable from the start of the planning period in 3 years’ time, on the capital needed to finance the expansion, are:-

Annual interest charges (£ millions)






New capacity level







12
13
14
Plant ordered now

1.8
2.5
3.2

Plant ordered in 1 years’ time
1.8
2.7
3.5
Given that annual profits, before deduction of interest charges, are at the rate of £1.5 million per item sold per week,

a) What level of capacity should the manufacturer install to maximise the expected increase in his annual profit net of interest charges?

b)
If the manufacturer evaluates
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and uses the maximum expected utility criterion, what is his optimal strategy?
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