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Question 1 8]

A company manufactures four types of the same product and n the final part of the manufac-
turing process there are assembly, polishing and packing operations For each type of product
the time required for these operations 1s shown below (1n minutes) as 1s the profit per umt sold

Type | Assembly | Polish | Pack | Profit (R)
1 2 3 2 10,50
2 4 2 3 20,560
3 3 3 2 30,00
4 7 4 5 40,50

Given the current state of the labour force the company estimated that, each year, they have
100000 minutes of assembly time, 50 000 minutes of polishing time and 60 000 minutes of packing
time available

(a) Formulate the problem as a Linear Programming problem to calculate how many of each
type the company should make per year to maximise the profit (6)

(b) Suppose now that the company 15 free to decide how much time to devote to each of
the three operations (assembly, polishing and packing) within the total allowable time of
210000 (= 100000 + 50000 -+ 60000) minutes Give the new constraint of the model (2)

Question 2 (10]

We consider the production of a single product over T periods If we decide to produce at period
t, a set-up cost of ct 1sncurred For¢t=1 T, let dt be the demand for this product 1 period ¢,
and let pt and ht be the umt production cost and the umt storage cost for period ¢, respectively

(a) Formulate an mteger linear programming problem in order to minimise the total cost of

production, storage and setup so as to satisfy all demand (6)

(b} Suppose that production can occur m five periods at the most, but no two such periods
can be consecutive Show how to modify the model to handle this option (4)
Question 3 [15]

Ace Manufacturing produces two lines of its product, the super line and the regular ine Produc-
tion 1s restricted by the available hours i three departments the assembly, pamt and mspection
departments Ace has contracts to supply a mmimum of 150 regular products and a mmimum
of 90 super products daily
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The LP model of this problem 1s

Maximise PROFIT = 50RL + 755L

subject to
1,2RL + 1,65L < 1600 Assembly hours
0,8BL + 095L < 700 Pant hours
02RL + 0,25L < 300 Inspection hours
RL > 150 Regular contract
SL> 90 Super contract
where

RL = number of regular hne products manufactured daily,
SL = number of super line products manufactured daily

The optimal solution to this problem 1s given in PRINTQUT 1 at the end of this question
Use this printout to answer the questions below Substantiate all your answers

{a) Extra hours can be bought for the pant department at R50 per hour How many extra
hours should be bought and what will the profit be i1f the maximum number of hours are

bought? (5)
{b) Extra hours can be bought for the assembly department at R50 per hour Should extra
hours be bought and if so, how many? (3)

(¢) How would the optimal product mux be affected if the profit contribution of the super
product fell to R50 per umt? (4)

(d) Ace 15 considering the release of 50 units on 1its super product contract i order to produce
more of 1ts regular product How much should they be willing to pay for breach of contract?

3)

PRINTOUT 1
LP OPTIMUM FOUND AT STEP 2

OBJECTIVE FUNCTION VALUE

1) 56833 33

VARIABLE VALUE REDUCED COST
RL 150 Q00000 0 000G00
SL 644 444458 0 000000

ROW  SLACK OR SURPLUS DUAL PRICES

ASSEM) 388 888885 0 000000
PAINT) 0 000000 83 333338
INSPECT) 141 111115 G 000000
REGULAR} 0 000000 -16 666666
SUPER) 554 444458 0 000000
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NO ITERATIONS = 2
RANGES IN WHICH THE BASIS IS UNCHANGED

(0BJ COEFFICIENT RANGES

VARIABLE CURRENT ALLOWABLE ALLOWABLE
COEF INCREASE DECREASE

RL 50 000000 16 666666 INFINITY

SL 75 000000 INFINITY 18 750000

RIGHT-HAND SIDE RANGES

ROV CURRENT ALLOWABLE ALLOWABLE

RHS INCREASE DECREASE
ASSEM 1600 000000 INFINITY 388 888885
PAINT 700 000000 218 750000 498 000000
INSPECT 300 000000 INFINITY 141 111115
REGULAR 150 000000 623 750000 150 000000
SUPER 90 000000 554 444458 INFINITY

Question 4 [14]

A manufacturer produces three kinds of products The amount of each type produced 1s sym-
bohsed by A, B and C The process 1s subject to restrictions on raw material, sanding, fimshing
and 1nspection, as elaborated in the following model

204 + 30B + 20C < 210 (RAW)

40A 4+ 30B + 10C < 610 (SAND)
304 + 20B + 40C < 100 (FINISH)
2,54 + 2,58 + 2,5C < 21 (INSPECT)

Product A contributes R40000 to the profit, Product B contributes R30000, and Product C
contributes R45500 Workers are paid R70 an hour during normal working hours

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 thewr values,
and the corresponding profit (2}

(b) What 1s the shadow price of the inspection constramnt? (2}

(c) Within which range can the right-hand side of constramnt 1 vary wrthout affecting the
feasibility of the current basis? (5)

(d) Within which range can the objective function coefficient of Product A vary without af-
fecting the feasibility of the current basis? (5)
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PRINTOUT 2
THE TABLEAU

ROW (BASIS)
1 ART
2 SLK
3 SLK
4
5 SLK

W w N

ROW  SLK
1 0 OCE+00
2 0 000
3 0 000
4 0 000
b 1 000

Question 5

5

A B C

5000 000 0 000 14500 000
~25 000 0 000 -40 000
~5 000 0 600 -50 000

1 500 1 000 2 000

-1 250 0 000 -2 500

0 1BE+06
60 000
460.000
5 000

8 500

SLK 2
0 000
1 000
0 000
0.000
0 000

SLK 3
¢ 000
0 000
1 000
0 000
0 000
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SLK 4
15800.000
-1 500
-1 500
0 050
-0 126

[7]

The following questions refer to linear programming. Answer the questions briefly but clearly

(a) What would you conclude 1f a nonbasic variable assumed a nonzero value? (1)
(b) How would you identify a degenerate solution from the final simplex tableau? (2)
(c) Why 1s the shadow price of a non-binding constraint zero? (2)
(d) What would you conclude if a binding constraint had a shadow price of zero? (2)
Question 6 [12]

A company 1s considering opening warehouses i four towns: Bela Bela, Middelburg, Springs and
Polokwane. Each warehouse can ship 100 units per week

The weekly cost of keeping each warehouse open 1s R80000 for Bela Bela, R100 000 for Middel-
burg, R70000 for Springs and R50 000 for Polokwane

Goods are to be shipped to three areas. Area 1 requires 80 umts per week, Area 2 requires 70
units per week and Area 3 requires 40 units per week

The cost of shipping one unit from each warehouse to each area 1s shown 1 the table below

From To
Area 1| Area 2 | Area 3
Bela Bela 400 800 950
Middelburg | 960 300 530
Springs 550 700 360
Polokwane 480 1000 700
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Formulate a model that can be used to mimmuse the weekly cost of meeting demand (7)
Formulate the following restrictions also subject to the preceding information

(a) If the Bela Bela warehouse 1s opened, then the Middelburg warehouse must be

opened (1)

(b} At most two warehouses can be opened (2)
(c) Either the Polokwane or the Bela Bela warehouse must be opened (2)
Question 7 [14]

A pubhsher has spare man-machine hours available in his printing and binding departments for
the purpose of reprinting two books He currently makes a profit of R100 000 on these two books
per year

Binding Printing
time {min) | time (min)

Book 1 15 10
Book 2 17 7
Available time (hours) 150 250

The goals of the publisher are as follows
Goal 1: To earn more than R100000 profit mn the next year

Goal 2: To allow as little overtime and 1dle time 1n each department as possible

Goal 3: To reprint at least the following quantities of books m the next year
Book 1 - 7000, Book 2 - 6000

Goal 1 15 3 times as important as Goal 2 which 1s 2 times as important as Goal 3

As there are multiple goals, a goal programming model will be necessary to solve this problem

DO NOT formulate this model, but carry out the following structions
(a) Define all the variables needed to formulate the problem (5)
(b) Write down the objective function of the LP model (4)
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(c) Formulate the feasibility restrictions that will represent each of the following cases
(1) The publisher decides that no overtime will be allowed 1n the binding department, (2)

(11} The publisher does not want to deviate by more than 10% from the desired quantity
of Book 1 reprinted (3)

Total: [80]
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