Linear progreming


June,2005

A company, which manufactures four components (A, B, C and D) using the same machinery, aims to maximize profit. The following information is available:

Component







A
 B
 C
 D

Variable production cost per unit (£)

 60
 64
 70
 68

Purchase cost per unit from

an outside supplier (£) 



100
 120
 130
 110

Machine hours per unit to manufacture 

  4 
  7 
   5 
  6

As it has insufficient machine hours available to manufacture all the components required, the company will need to buy some units of one component from the outside supplier.

Which component should be purchased from the outside supplier?

A Component A

B Component B

C Component C

D Component D
December 2005 (1.2)

3 JWW Ltd manufactures two products, X and Y, and any quantities produced can be sold for £60 per unit and £25 per unit respectively. Variable costs of the two products are:






X

 Y





    £ per unit 
    £ per unit

Materials (at £5 per kg)

          15

  5

Labour (at £6 per hour)

          24

  3

Other variable costs 

            6
               5





        –––

 –––

Total 



          45     

  13





        ––– 

  –––

Next month only 4,200 kg of material and 3,000 labour hours will be available.

The company holds no stocks and aims to maximise its profits each month.

Required:

(a) State the objective function and constraints in a form suitable for solving by linear programming.







(5 marks)

(b) Determine the optimal production plan for next month (in units). (4 marks)










(9 marks)
June 2006 (1.2)

The following information relates to questions 1 and 2:

A company which manufactures and sells two products (X and Y) aims to maximise its profits. It holds no stocks. Product X makes a contribution per unit of £4 and product Y makes a contribution per unit of £1.

Next period the company faces three ‘less than’ production constraints and these are shown as the lines 
labelled (1), (2) and (3) on the following graph:

[image: image1.emf]
1.  Which of the following points shown on the graph is optimal for next period?

A Point H

B Point J

C Point K

D Point L

2.  Which of the following constraint formulations is represented by the line labelled (2) on the graph?

A 10X + 17Y ≤70,000



B 17X + 10Y ≤70,000

C 17X + 13Y ≤91,000



D 13X + 1 7Y ≤91,000
December 2006, 1.2

3. Merryl Ltd manufactures four components (E, F, G and H) which are incorporated into different products made by the company. All the components are manufactured using the same general purpose machinery. The following production cost and machine hour data are available:







E
 F
 G
 H

Variable production cost (£ per unit) 

32
 27
 34
 35

Fixed production cost (£ per unit) 

 6 
 14 
   8
 16

General purpose machine hours per unit

 5
   6
   7
   8

The fixed production costs represent a share of factory-wide costs that have been related to the individual components by using a direct labour hour rate. There are no fixed costs which can be specifically related to individual components.

From next month the company’s monthly manufacturing requirements are for 2,000 units of each component. The maximum number of machine hours available for component manufacture is 35,000 per month.

The company can purchase any quantity of each component from Sergeant Ltd at the following unit prices next month:






E
 F
 G
 H






£48
 £51
 £55
 £63

Merryl Ltd aims to minimise its monthly costs.

Required:

(a) Calculate the shortfall in general purpose machine hours next month.

 (2 marks)

(b) Determine how many units of which components should be purchased from Sergeant Ltd next month.










(4 marks)

(c) Briefly explain THREE other factors that the management of Merryl Ltd should consider before making a final decision to buy in components from Sergeant Ltd for next month. 
(3 marks)












(9 marks)
June 2007 1.2

25 A company which manufactures four components (A, B, C and D), using the same skilled labour, aims to maximize its profits. The following information is available:







Component






A
 B
 C
 D

Variable production cost per unit (£)
 60
 70
 75
 85

Purchase price per unit from

another supplier (£) 


108 
130
 120 
124

Skilled labour hours per unit

to manufacture



   4 
   6 
   5 
   3

As it has insufficient skilled labour hours available to manufacture all the components required, the company will need to buy some units of one component from the other supplier.

Which component should be purchased from the other supplier?

A Component A

B Component B

C Component C

D Component D
2007 june (1.2)

2 Plaza Ltd aims to maximise profit from the two products (X and Y) which it manufactures and sells. The unit selling price for product X is £200 and the company can sell all the units that it can produce at this price. The unit selling price of product Y is £250 but, at this price, the annual demand is limited to 40,000 units. The company holds no stocks.

The following product cost data are available:






Product X
 Product Y






£ per unit
 £ per unit

Direct material (£5 per kg)

    60 

     40

Direct labour (£10 per hour) 

    50 

     80

Other variable costs 


    60    

     90






  –––
                  –––

Total variable cost 


  170 

     210






  –––

     –––

Next year the supply of direct material will be limited to 540,000 kg and the direct labour hours will be limited to 400,000.

Required:

(a) Determine the optimal production plan in units for next year and calculate the resultant total contribution.

Workings should be clearly shown.

Note: Graph paper is available.












(8 marks)

(b) Explain the term ‘shadow price’ in the context of scarce resources. State clearly which, if any, of the company’s resources will have a shadow price next year. No calculations are required. 












(3 marks)












(11 marks)

2008 june,

2. Higgins Co (HC) manufactures and sells pool cues and snooker cues. The cues both use the same type of good quality wood (ash) which can be difficult to source in sufficient quantity. The supply of ash is restricted to 5,400 kg per period. Ash costs $40 per kg.

The cues are made by skilled craftsmen (highly skilled labour) who are well known for their workmanship. The skilled craftsmen take years to train and are difficult to recruit. HC’s craftsmen are generally only able to work for 12,000 hours in a period. The craftsmen are paid $18 per hour.

HC sells the cues to a large market. Demand for the cues is strong, and in any period, up to 15,000 pool cues and 12,000 snooker cues could be sold. The selling price for pool cues is $41 and the selling price for snooker cues is $69.

Manufacturing details for the two products are as follows:







Pool cues

 Snooker cues

Craftsmen time per cue 



0·5 hours 

0·75 hours

Ash per cue




 270 g


 270 g

Other variable costs per cue


 $1·20


 $4·70

HC does not keep inventory.

Required:

(a) Calculate the contribution earned from each cue. 




(2 marks)

(b) Determine the optimal production plan for a typical period assuming that HC is seeking to maximise the contribution earned. You should use a linear programming graph (using the graph paper provided), identify the feasible region and the optimal point and accurately calculate the maximum contribution that could be earned using whichever equations you need.













 (12 marks)

Some of the craftsmen have offered to work overtime, provided that they are paid double time for the extra hours over the contracted 12,000 hours. HC has estimated that up to 1,200 hours per period could be gained in this way.

Required:

(c) Explain the meaning of a shadow price (dual price) and calculate the shadow price of both the labour (craftsmen) and the materials (ash).





 (5 marks)

(d) Advise HC whether to accept the craftsmens’ initial offer of working overtime, discussing the rate of pay requested, the quantity of hours and one other factor that HC should consider. 











(6 marks)











(25 marks)

3

