Revision 2 Decision Making Techniques

I.
CVP Analysis
Answer 1
(a)

	Product
	Unit contribution
	Sales volume
	Total contribution
	Total sales revenue

	
	$
	Units
	$000
	$000

	J
	6
	10,000
	60
	200

	K
	32
	10,000
	320
	400

	L
	(0.20)
	50,000
	(10)
	200

	M
	3
	20,000
	60
	200

	
	
	90,000
	430
	1,000


Average contribution = 43% of sales revenue (430/1,000)

(b) and (c)
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The profit arising from the most profitable product (Product K) is drawn first on the profit-volume graph. At $400,000 sales revenue a profit of $80,000 ($320,000 contribution – $240,000 fixed costs) is plotted on the graph. The profits arising from the remaining products are then entered on the graph. Since fixed costs have already been covered by Product K, the next product (Product J) will increase profits by $60,000 (i.e. total contribution of $60,000). The second point to be plotted is therefore cumulative sales of $600,000 and profits of $140,000. The addition of Product M results in cumulative profits of $200,000 ($140,000 + $60,000) and cumulative sales revenue of $800,000. Finally, the addition of product L reduces total profits to $190,000.
The dashed line on the graph represents the average contribution per $1 of sales (43%) arising from the planned sales mix. The break-even point in sales value is $558,140 [fixed costs ($240,000)/contribution ratio (0.43)]. This is the point where the dashed line cuts the horizontal axis. At zero sales level a loss equal to the fixed costs will be incurred and at the maximum sales level profits will be $190,000 [($1m × 0.43) – $240,000].]
Product K yields the largest contribution/sales ratio (80%) and Products J and M yield identical ratios. Product L has a negative contribution and discontinuation will result in profits increasing by $10,000.
(d)

The contribution/sales ratio can be improved by:

(i)
increasing selling price;

(ii)
reducing unit variable costs by improving labour efficiency or obtaining cheaper materials from different suppliers;

(iii)
automating production and substituting variable costs with fixed costs.
Answer 2
(a)

	
	P
	E

	Unit contribution
	$5
	$2

	Weightings
	4
	3

	Total contribution
	$20
	$6


Average contribution per unit based on above weightings:

= $(20 + 6) ÷ 7

= $3.714

Breakeven point = Fixed costs / Unit contribution

= $561,000 ÷ $3.714

= 151,212 units [consisting of 86,407 units of P (4/7) and 64,805 units of E (3/7)]

Breakeven point in sales value:

	
	$

	P: 86,407 units × $10
	864,070

	E: 64,805 units × $12
	777,660

	
	1,641,730


(b)

	
	P
	E

	Unit contribution
	$5
	$2

	Weightings
	4
	4

	Total contribution
	$20
	8


Average contribution per unit based on above weightings:

= $(20 + 8) ÷ 8

= $3.5

Breakeven point = Fixed costs / Unit contribution

= $561,000 ÷ $3.5

= 160,457 units [consisting of 80,228 units of P each product]

Breakeven point in sales value:

	
	$

	P: 80,228 units × $10
	802,280

	E: 80,228 units × $12
	962,736

	
	1,765,016


(c)

The product mix in (a) above is preferable because it yields the higher average contribution per unit.
(d)

Machine hours are the limiting factor and the company should concentrate on the product which maximizes the contribution per machine hour.
	
	P
	
	E
	

	Contribution
	$5
	
	$2
	

	Contribution per machine hour
	$12.50
	($5/0.4 hrs)
	$20
	($2/0.1 hrs)


The company should therefore concentrate on Product E. If all the 32 000 machine hours are allocated to Product E the profit will be as follows:
	Contribution (32,000 hrs at $20 per hour)
	$640,000

	Less: Fixed costs
	($561,600)

	Profit
	$78,400


(e)

The answer should stress that the contribution graph enables the contribution at any activity level to be determined and so provides more information than a conventional graph.
Answer 3
(a)

1.
It is assumed that fixed costs are the same in total and variable costs are the same per unit at all levels of output. This assumption is a great simplification.
(i)
Fixed costs will change if output falls or increases substantially (most fixed costs are step costs).

(ii)
The variable cost per unit will decrease where economies of scale are made at higher output volumes, but the variable cost per unit will also eventually rise when diseconomies of scale begin to appear at even higher volumes of output (for example the extra cost of labour in overtime working).
2.
The assumption is only correct within a normal range or relevant range of output. It is generally assumed that both the budgeted output and the breakeven point lie within this relevant range.
3.
It is assumed that sales prices will be constant at all levels of activity. This may not be true, especially at higher volumes of output, where the price may have to be reduced to win the extra sales.
4.
Production and sales are assumed to be the same, so that the consequences of any increase in inventory levels or of 'de-stocking' are ignored.
5.
Uncertainty in the estimates of fixed costs and unit variable costs is often ignored.

(b)
Holiday resort cost and income statement

	Guests in residence
	Income per annum
	Variable costs
	Contribution
	Fixed costs
	Surplus

(deficit)

	
	$
	$
	$
	$
	$

	6
	18,000
	7,740
	10,260
	16,000
	(5,740)

	7
	21,000
	9,030
	11,970
	16,000
	(4,030)

	8
	24,000
	10,320
	13,680
	16,000
	(2,320)

	9
	27,000
	11,610
	15,390
	16,000
	(610)

	10
	30,000
	12,900
	17,100
	16,000
	1,100

	11
	33,000
	14,190
	18,810
	22,000
	(3,190)

	12
	36,000
	15,480
	20,520
	22,000
	(1,480)

	13
	39,000
	16,770
	22,230
	22,000
	230

	14
	42,000
	18,060
	23,940
	22,000
	1,940

	15
	45,000
	19,350
	25,650
	22,000
	3,650


There are two break-even points. If provision is made for between 6 and 10 guests, the first break-even point occurs just in excess of 9 guests per week (or 270 guests per annum). If provision is made for 11 or more guests per week, the break-even point changes to 13 guests per week.
(c)

The total costs for various activity levels are as follows:

	Guests
	Total costs

	
	$

	6
	23,740

	10
	28,900

	11
	36,190

	15
	41,350


The above costs are plotted on the breakeven chart shown below.
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II.
Linear Programming
Answer 4

(a)

The optimal production mix can be found by solving the two equations given for F and T.

7W + 5L = 3,500

2W + 2L = 1,200

Multiplying the second equation by 2·5 produces:

7W + 5L = 3,500

5W + 5L = 3,000

2W = 500

W = 250

Substituting W = 250 in the fabric equation produces:

2 x 250 + 2L = 1,200

2L = 700

L = 350
The optimal solution is when 250 work suits are produced and 350 lounge suits are produced. The contribution gained is

$26,000:

C = 48W + 40L

C = (48 x 250) + (40 x 350)

C = 26,000
(b)

The shadow prices can be found by adding one unit to each constraint in turn.

Shadow price of T

7W + 5L = 3,501

2W + 2L = 1,200

Again multiplying the second equation by 2·5 produces:

7W + 5L = 3,501

5W + 5L = 3,000

2W = 501

W = 250·5

Substituting W = 250·5 in the fabric equation produces:

(2 x 250·5) + 2L = 1,200

2L = 1,200 – 501

L = 349·5

Contribution earned at this point would be = (48 x 250·5) + (40 x 349·5) = 26,004 which is an increase of $4.

Hence the shadow price of T is $4 per hour.

Shadow price of F

7W + 5L = 3,500

2W + 2L = 1,201

Again multiplying the second equation by 2·5 produces:

7W + 5L = 3,500·0

5W + 5L = 3,002·5

2W = 497·5

W = 248·75

Substituting W = 248·75 in the fabric equation produces:

(2 x 248·75) +2L = 1,201

2L = 1,201 – 497·5

L = 351·75

Contribution earned at this point would be = (48 x 248·75) + (40 x 351·75) = 26,010, which is an increase of $10.

Hence the shadow price of F is $10 per metre.
(c)

The shadow price represents the maximum premium above the normal rate a business should be willing to pay for more of a scarce resource. It is equal to the increased contribution that can be gained from gaining that extra resource.
The shadow price of labour here is $4 per hour. The tailors have offered to work for $4·50 – a premium of $3·00 per hour. At first glance the offer seems to be acceptable.

However, many businesses pay overtime at the rate of time and a half and some negotiation should be possible to create a win/win situation. Equally some consideration should be given to the quality aspect here. If excessive extra hours are worked then tiredness can reduce the quality of the work produced.
(d)

If maximum demand for W falls to 200 units, the constraint for W will move left to 200 on the x axis of the graph. The new optimum point will then be at the intersection of:

W = 200 and

2W + 2L = 1,200

Solving these equations simultaneously, if:

W = 200, then (2 x 200) + 2L = 1,200

Therefore L = 400.

So, the new production plan will be to make 400L and 200W
Answer 5
(a)

Optimum production plan

Define the variables

Let x = no. of jars of face cream to be produced

Let y = no. of bottles of body lotion to be produced

Let C = contribution

State the objective function

The objective is to maximise contribution, C

C = 9x + 8y

State the constraints

Silk powder 3x + 2y ≤ 5,000

Silk amino acids 1x + 0·5y ≤ 1,600

Skilled labour 4x + 5y ≤ 9,600

Non-negativity constraints:

x, y ≥ 0

Sales constraint:

y ≤ 2,000

Draw the graph

Silk powder 3x + 2y = 5,000

If x = 0, then 2y = 5,000, therefore y = 2,500

If y = 0, then 3x = 5,000, therefore x = 1,666·7

Silk amino acids 1x +0·5y = 1,600

If x = 0, then 0·5y = 1,600, therefore y = 3,200

If y = 0, then x = 1,600

Skilled labour 4x + 5y = 9,600

If x = 0, then 5y = 9,600, therefore y = 1,920

If y = 0, then 4x = 9,600, therefore x = 2,400
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Solve using iso-contribution line

If y =800 and x = 0, then if C = 9x + 8y

C = (8 x 800) = 6,400

Therefore, if y = 0, 9x = 6,400

Therefore x = 711·11

Using the iso-contribution line, the furthest vertex from the origin is point c, the intersection of the constraints for skilled labour and silk powder.

Solving the simultaneous equations for these constraints:

4x + 5y = 9,600 x 3

3x + 2y = 5,000 x 4

12x + 15y = 28,800

12x + 8y = 20,000

Subtract the second one from the first one

7y = 8,800, therefore y = 1,257·14.

If y = 1,257·14 and:

4x + 5y = 9,600

Then 5 x 1,257·14 + 4x = 9,600

Therefore x= 828·58

If C = 9x + 8y

C = $7,457·22 + $10,057·12 = $17,514·34
(b)

Shadow prices and slack

The shadow price for silk powder can be found by solving the two simultaneous equations intersecting at point c, whilst adding one more hour to the equation for silk powder.

4x +5y = 9,600
× 3

3x + 2y = 5,001
× 4

12x + 15y = 28,800

12x + 8y = 20,004

Subtract the second one from the first one

7y = 8,796, therefore y = 1,256·57

3x + (2 x 1,256·57) = 5,001.

Therefore x = 829·29

C = (9 x 829·29) + (8 x 1,256·57) = $17,516·17

Original contribution = $17,514·34

Therefore shadow price for silk powder is $1·83 per gram.

The slack for amino acids can be calculated as follows:

(828·58 x 1) + (0·5 x 1,257·14) = 1,457·15 grams used.

Available = 1,600 grams.

Therefore slack = 142·85 grams.
III.
Pricing Decisions
Answer 6

(a)

Profit

In order to ascertain the optimum price, you must use the formula P = a – bQ

Where P = price; Q = quantity; a = intersection (price at which quantity demanded will be nil); b = gradient of the demand curve.
The approach is as follows:

(i)
Establish the demand function

b = change in price/change in quantity = $15/1,000 = 0·015.

We know that if price = $735, quantity = 1,000 units.

Establish ‘a’ by substituting these values for P, Q and b into our demand function:

735 = a – 0·015Q

15 + 735 = a

Therefore a = 750.

Demand function is therefore P = 750 – 0·015Q

(ii)
Establish marginal cost

The labour cost of the 100th unit needs to be calculated as follows:

Formula = y = axb.

a = 1·5

Therefore, if x = 100 and b= –·0740005, then y = 1·5 x 100–0·0740005 = 1·0668178

Therefore cost per unit = 1·0668178 x $8 = $8·5345

Total cost for 100 units = $853·45.

If x = 99, y = 1·5 x 99–0·0740005 = 1·0676115

Therefore cost per unit = $8·5408

Total cost for 99 = $845·55

Therefore cost of 100th unit = $853·45 – $845·55 = $7·90.

Therefore total marginal cost = $42 + $7·90 = $49·90.

Fixed overheads have been ignored as they are not part of the marginal cost.

(iii)
Find profit

(1) Establish the marginal revenue function

MR = a – 2bQ

MR = 750 – 0·03Q

(2) Equate MC and MR

49·90 = 750 – 0·03Q

0·03Q = 700·1

Q = 23,337

(3) Find optimum price

P = 750 – (0·015 x 23,337)

= $399·95
(b)(i)
Penetration pricing

With penetration pricing, a low price would initially be charged for the Energy Buster. The idea behind this is that the price will make the product accessible to a larger number of buyers and therefore the high sales volumes will compensate for the lower prices being charged. A large market share would be gained and possibly, the Energy Buster might become accepted as the only industrial air conditioning unit worth buying.
The circumstances that would favour a penetration pricing policy are:

· highly elastic demand for the Energy Buster i.e. the lower the price, the higher the demand. The preliminary research does suggest that demand is elastic.

· if significant economies of scale could be achieved by Heat Co, then higher sales volumes would result in sizeable reductions in costs. This is not the case here, since learning ceases at 100 units.

· if Heat Co was actively trying to discourage new entrants into the market. In this case, new entrants cannot enter the market anyway, because of the patent.
· if Heat Co wished to shorten the initial period of the Energy Buster’s life cycle so as to enter the growth and maturity stages quickly. We have no evidence that this is the case for Heat Co, although it could be.
From the above, it can be seen that this could be a suitable strategy in some respects but it is not necessarily the best one.
(b)(ii)
Market skimming

With market skimming, high prices would initially be charged for the Energy Buster rather than low prices. This would enable Heat Co to take advantage of the unique nature of the product, thus maximising sales from those customers who like to have the latest technology as early as possible. The most suitable conditions for this strategy are:
· the product is new and different. This is indeed the case with the Energy Buster.

· the product has a short life cycle and high development costs that need to be recovered quickly. The life cycle is fairly short and high development costs have been incurred.

· since high prices attract competitors, there needs to be barriers to entry in order to deter competitors. In Heat Co’s

· case, there is a barrier, since it has obtained a patent for the Energy Buster.

· the strength and sensitivity of demand are unknown. Again, this is not the case here.
Once again, the Energy Buster meets only some of the conditions which would suggest that although this strategy may be suitable the answer is not clear cut. The fact that high development costs have been incurred and the life cycle is fairly short are fairly good reasons to adopt this strategy. Whilst we have demand curve data, we do not really know just how reliable this data really is, in which case a skimming strategy may be a safer option.
IV.
Dealing with Risk and Uncertainty in Decision-Making
Answer 7
There are two possible selling prices and three possible direct material costs for each selling price. The contributions per unit before deducting direct material costs are £12 (£15 – £3) for a £15 selling price and £17 for a £20 selling price. The purchase costs per unit of output are £9 (3 kg ×
£3), £8.25 (3 kg × £2.75) and £7.50. Where the firm contracts to purchase a minimum quantity any surplus materials are sold at £1 per kg.
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Notes

a 170,000 kg minimum purchases at £2.50 per kg less 16 000 kg [70 000 – (3 kg × 18,000) at £1 per kg].

b 50,000 kg minimum purchases at £2.75 per kg less 11 000 kg [50 000 – (3 kg ×
13,000) at £1 per kg].

c 70,000 kg minimum purchases at £2.50 per kg less 1000 kg [70 000 – (3 kg × 23,000) at £1 per kg].
d 70,000 kg minimum purchases at £2.50 per kg less 31 000 kg [70 000 – (3 kg × 13 000) at £1 per kg].
If the objective is to maximize expected profits then the £20 selling price combined with purchasing option (iii) is recommended. On the other hand, if the maximin criterion is adopted then the £15 selling price combined with purchasing option (ii) is recommended. An alternative approach is to examine the probability distributions (final column of the statement) and adopt a combination which best satisfies the decision-maker’s risk/return preferences.
(b)

If demand is predicted to be optimistic, the highest payoff of £130,000 (£20 selling price and £2.50 purchase price) for the most optimistic demand level would be chosen. If the most likely demand is predicted, the highest payoff is £81,000 (£20 selling price and £2.50 purchase price). If the pessimistic demand level is predicted, the highest payoff is £2,500. The expected value of profits assuming it is possible to obtain perfect information is:
	
	$

	£130,000 × 0.3
	39,000

	£81,000 × 0.5
	40,500

	£2,500 × 0.2
	500

	
	80,000


The highest expected profit without perfect information in (a) is £67,700. Therefore the maximum price payable for perfect information is £12,300 (£80,000 – £67,700).
Answer 8
(a)

The relevant costs per unit are as follows:
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a Labour costs are only relevant when idle time has been exhausted. This occurs at 2000 units for grade 1 labour (2,000 units × 2 hours) and 4000 units for grade 2 labour (4,000 units × 1 hour). It is assumed that beyond these output levels incremental labour costs of £2 per hour for grade 1 and £3 per hour for grade 2 will be incurred.

b Replacement cost of £9 per unit.

c Each unit of Y used saves the company £2 disposal costs. The product requires 2 units of Y, thus saving £4 disposal costs. When the stock of 16,000 units has been used (8,000 units produced) additional supplies will be purchased at £4 per unit.

d Variable overheads are assumed to vary with hours of input.
The relevant production costs for various output levels are as follows:
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The outcomes and expected values for each selling price are presented in the following schedule:
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(b)

On the basis of the expected value decision rule, a selling price of £25 should be selected. Management might use criteria other than maximizing expected value. For example the decision might be based on the minimization of risk. The above probability distributions indicate that £20 is the only selling price at which a loss will not arise. The final decision should be based on an examination of each of the above probability distributions and management’s attitude towards risk.
(c)

Assuming that management is proposing a selling price of £40, if the information indicated that demand would be zero or 3000 units then Warren should cancel the advertising at a cost of £10 000. This would give the following expected value:
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It is worthwhile obtaining the information, since the expected value increases from £11 300 to £27 800. The £40 selling price now yields the highest expected value, and this selling price should be selected if decisions are based on maximizing expected values. Nevertheless, management might select another selling price, since the £40 selling price still has a 0.7 probability of making a loss.
20

