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Question 1 [12]

A machine tool company conducts a job-traimng programme for machinsts. Trained machimsts
are used as teachers in the programme at a ratio of one for every ten tramnees The training
programme lasts for one month From past experience it has been found that out of ten trainees
hired, only seven complete the programme successfully (the unsuccessful trainees are released)
Tramned machinists are also needed for machining and the company’s requirements for the next
three months are as follows

e January 100
e February 150
e March 200

In addition, the company requires 250 tramned machimists by April There are 130 trained ma-
chinists available at the beginming of the year Salary costs per month are

e Each trainee earns R4 000
e Each traimmed machinist (machiming or teaching) earns R7000
e Each trained machimst 1dle (union forbids firmg them!) earns R5 000.

Formulate the hnear programming problem that will produce minimum cost hiring and training
schedule and meet the company’s requirements Do not solve the problem
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Question 2 [20]

Imagine a furmture company that makes tables and chairs A table requires 0,14 m® of wood
and a chair requires 0,02 m® of wood Wood costs R5000 m® and 95 m® of wood are available
It takes 5 hours of skilled labour to make a table and 3 hours to make a chair There are 6000
hours of skilled labour available (The labour costs are not taken into account ) The price of a
table 18 R2170 and a chair R716

The owner of the firm comes up with a design for a cabinet Each cabinet requires 160 hours of
labour (this 15 4 weeks of full-time work) and uses 0,24 m® of wood Suppose that the company
can sell a cabinet for R2480

Variables
Let the number of tables be T# and the number of chairs CU
Let the number of cabinets be B

The revenue is
2170TF + 716CU + 24808,

while the cost 1s
7007 F + 100CU + 12008
(because wood costs R5000 m3) The objective function and constraints are therefore
Maximise profit = 147TF + 61CU + 1280B
subject to
0,14T'F 4 0,02CU + 0,24B < 95
STF + 2CU + 160B < 6000

Use PRINTOUT 1 to answer the following questions

(a) What would happen if the profit on chairs increased? Currently, the profit 15 R61 (8)
(b) What would happen if the profit on cabinets mcreased? Currently, the profit 1s R1 280 (3)
(¢) How would profit change if the wood constramnt changed? (5)

(d) How much would an additional labour hour be worth to the firm? (2)

(e) Suppose that imdustnal regulations complicate the fimshing process, so that 1t takes one
extra hour per chair, table or cabinet to manufacture. How would this change your
solution? (2)

PRINTOUT 1

THE FINAL TABLEAU

ROW (BASIS) TF CuU B SLK 2 SLK 3
1 ART 0 0 3200 250 28 1917560
2 TF 1.000 0.000 -14.100 10.000 -0.100  350.000
3 CU 0.000 1.000 108.200 -20.000 0.700 2300 000
ART ART 0 000 0 000 3247 500  250.000 28.000 0.000
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Question 3 [12]

An advertising agency 1s considering six possible advertising campaigns Information on these
campaigns 1s given 1n the following table

Projects Initial outlay | New staff needed | Profit generated
(RO00) (R000)
1 100 3 495
2 175 5 953
3 77 2 410
4 25 1 125
5 265 8 1105
6 170 3 745
Maximum available 500 12

The agency must decide which campaigns to choose The following conditions must be met
e At most four campaigns may be selected
e Campaigns 1 and 2 are for competing brands and hence may not both be selected

e If projects 3 and 4 are selected, project 5 must also be selected to follow them up

Answer the following questions

(a) Define the decision varables needed to model this problem (2)
(b) Write down the feasibility restrictions, if any (3)
(¢) Write down the integer programming model for this problem (7)
Question 4 12]

A company produces six products in the following fashion Each umit of raw matenal purchased
yields four unts of product 1, two umts of product 2, and one umt of product 3.

Up to 1200 umts of product 1 can be sold, and up to 300 umts of product 2 can be sold

Each umit of product 1 can be sold or processed further.
Each unit of product 1 that is processed yields a umt of product 4

Each umt of product 2 can be sold or processed further
Each umt of product 2 that 1s processed further yields 0,8 umts of product 5 and 0,3 umts of
product 6

Demand for products 3 and 4 1s unlimited Up to 1000 umts of product 5 can be sold, and up
to 800 umts of product 6 can be sold

Up to 3000 units of raw material can be purchased at R6 per unit

Leftover umts of products 5 and 6 must be destroyed It costs R4 to destroy each leftover unit
of product 5 and R3 to destroy each leftover unit of product 6.

The per-unit sales price and the production cost for each product are shown in the table below.
Formulate an LP the solution of which will yield a profit-maximising production plan. Do not
solve the problem
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Product|Selling price (R)|Production cost(R)
1 7 4
2 6 4
3 4 2
4 3 1
) 20 )
6 35 5
Question 5 [17]

A manufacturer makes three kinds of products The quantity of each type manufactured is
symbolised by 1, z; and £3 The process 1s subject to restrictions as elaborated 1n the following
model.

Maximise Profit = 12z; + 1825 4 1523
subject to

521 + 4zs + 3z3 < 160 (machine time 1 minutes)

4z1 + 10z, + 4z3 < 288 (labour hours)

2z1 + 2x9 + 4x3 < 200 (kilograms of raw material)
To < 16 (units manufactured)

T1, T2, T3 2 0
Refer to PRINTOUT 2 at the end of this question to answer the following questions:

(a) Write down the basic variables and their values, the nonbasic variables and their values,

and the corresponding profit (4)
(b) Are any constraints binding? If so which one/s? (2)
(c) If the profit on product 1 were changed to R22 a unit, what would the values of the decision
variables be? What would the value of the objective function be? Explain (4)
(d) If 10 hours less labour were available, what would the values of the decision variables be
and the objective function? Explain (2)
(e) If 201 kg of raw material were available, what would happen to the solution? (3)
(f) If 1 unit of z, 1s produced, what would the mfluence on the solution be? (2)
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PRINTOUT 2
Max 12x1+18x2+15x3

subject to

bx1+4x2+3x3<160
4x1+10x2+4x3<288
2x1+2x2+4x3<200

x2<16

LP OPTIMUM FOUND AT STEP

2

OBJECTIVE FUNCTION VALUE

1) 792.0000
VARIABLE VALUE REDUCED COST
X1 0 000000 10.200000
X2 4 000000 0 000000
X3 48, 000000 0 000000
ROW  SLACK OR SURPLUS DUAL PRICES
2) 0 000000 4 200000
3) 56 000000 0 000000
4) 0.000000 0.600000
5) 12 000000 0.000000
NO ITERATIONS= 2

RANGES IN WHICH THE BASIS IS UNCHANGED:

VARIABLE
X1

X2
X3

ROW

e W N

CURRENT
COEF
12.000000
18 000000
15 000000

CURRENT
RHS

160 000000

288 000000

200 000000

16.000000

0BJ COEFFICIENT RANGES
ALLOWABLE
INCREASE
10.199999
2 000000
20 999998

RIGHTHAND SIDE RANGES
ALLOWABLE
INCREASE
17 500000

INFINITY
13 333333
INFINITY

ALLOWABLE

DECREASE

INFINITY
7 285714
1 500000

ALLOWABLE
DECREASE
10 000000
56. 0600000
40. 000000
12.000000
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Question 6 [12]

The Dewright Company 18 considering three new products to replace current models that are
being discontmued Theirr OR department has been assigned the task of determining which mix
of these products should be produced

Management wants primary consideration to be given to three factors that would be required for
new equipment: long-run profit, stabihity 1n the workforce, and the level of capital mnvestment

In particular, management has established the goals of

(a) achieving a long-run profit {net present value) of at least R125 million from these products
(b) mamtaning the current employment level of 4000 employees

(c) holding the capital investment to less than R55 malhon.

However, management realises that 1t probably will not be possible to attain all these goals
simultaneously, so 1t has discussed priorities with the OR department

This discussion has led to setting penalty weights

e 5 for missing the profit goal (per R1 milhon under)
o 2 for going over the employment goal of 4000 employees (per 100 employees)
¢ 4 for employing less than the 4000 employees {per 100 employees)
o 3 for exceeding the capital investment goal (per R1 million over)
Each new product’s contribution to profit, employment level and capital investment level 1s

proportional to the rate of production. These contributions per umt rate of production are
shown 1n the table

Product | Long-run profit | Employment level | Capital investment
(n milhon rand) | (’00 employees) (in million rand)
A 12 3] )
B 9 3 7
C 15 4 8

Formulate the problem but do not solve 1t
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