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INSTRUCTIONS

Answer ALL questions.

Question 1

A company produces three products P1, P2 and P3 The production process uses
raw matenals RM1 and RM2 which are processed on machines F1 and F2 The
following table provides the pertinent data for the problem

Usage per unit
Resources Units Pl P2 P3 Maximum capacity

F1 Minutes 1 2 1 430
o Mimiitae 3 o n 460
RM1 Kilogram 1 4 0 1420
RM2 Kilogram 1 1 1 ' 300
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For example, 1 umt of product P1 requires 1 minute on machine F1, 3 minutes on
machime F2, 1 kg of raw material RM1 and 1 kg of raw material RM2. Only 430
minutes are available on facility F1 per day

Up to 70 units of P2 and up to 240 units of P3 can be sold per day.
The umt profit contributions of P1, P2 and P3 are R300, R200 and R500 respectively

The LP model representing the problem and i1ts LINDO output are given in PRINT-
OUT1 In the model, variable Xz represents the number of units of product P, to be
produced daily (z = 1,2, 3).

Answer the following questions

(1) What would the new profit be 1f 1 additional minute 1s available on machine

(2)
(3)

F2? [3]
What would the new profit be if 1 unit of product P2 1s produced? [3]

Find the new optimal solution and profit if the per umit profit of P3 decreases
by R50. 3]

The company management 1s discussing ways to improve the financial situation
of the company. For each of the following suggestions, write down the
corresponding new LP model. Do not solve the models

The per unit profit of P3 can be increased by R60, but this will reduce potential
market demand for P3 to 210 units instead of the present 240 umts. [3]

Raw matenial RM2 appears to be a critical factor in miting current production
Additional units can be purchased from an external supplier at a price of R30
per kilogram (Consider another variable A, the quantity of additional raw
material to purchase (in kg) ) [4]

The capacities of F'1 and F2 can be increased by up to 40 munutes each per day
at a cost of R3 per minute, and the cluef buyer of product P2 is requesting that
its daily supply be increased from the present 70 units to 100 units Consider the
following additional variables 7, is the additional time (1n minutes) on machine
F,(z =1,2) that has to be paid for [4]
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PRINTOUT 1

Max 300X1 + 200X2 + 500X3

Subject to

(F1) X1 + 2X2 + X3 <= 430

(F2) 3X1 + 2¥3 <= 460

(RM1) X1 + 4%2 <= 420

(RM2) X1 + X2 + X3 <= 300

{Dem. P2) X2 <= 70

(Dem. P3) X3 <= 240

All variables are nonnegative

LP OPTIMUM FOUND AT STEP 5
OBJECTIVE FUNCTION VALUE
1) 138000 0

VARIABLE VALUE REDUCED COST

X1 60 000000 0 000000
X2 0 000000 100 000000
X3 240. 000000 0.000000

ROW  SLACK OR SURPLUS DUAL PRICES

(F1) 130.000000 0.000000

(F2) 280.000000 0.000000

(RM1) 360.000000 0.000000

(RM2) 0 000000 300 000000
(DEM. P2) 70.000000 0.000000
(DE¥ P3) 0 000000 200 000000
NO ITERATIONS= 5

RANGES IN WHICH THE BASIS IS UNCHANGED
OBJ COEFFICIENT RANGES

VARIABLE CURRENT ALLOWABLE ALLOWABLE
COEF INCREASE DECREASE

X1 300 000000 200 000000 100.000000

X2 200 000000 100 000000 INFINITY

X3 500 000000 INFINITY 200.000000

RIGHTHAND SIDE RANGES

ROW CURRENT ALLOWABLE ALLOWABLE

RHS INCREASE DECREASE

(F1 430 000000 INFIRITY 130 000000

(F2 460 0060000 INFIRITY 280 000000

(RM1 420 000000 INFINITY 360.000000
{RM2 300 000000 93 333336 60 000000
(DEM P2 70 000000 INFINITY 70 000000
(DEM P3 240 000000 60.000000 93 333336

[TURN OVER]



DSC3702
4 Oct/Nov 2010

Question 2

A publisher has 4500 man-machine hours available i the printing department and
4000 man-machine hours available m the binding department. Four books eligible for
reprinting require the following time (1n hours) in each department per book produced

Department | Book 1 | Book 2 | Book 3 | Book 4
Printing 0,1 0,3 0,8 0,4
Binding 0,2 0,1 0,1 0,3

The profit on each book 1s as follows
Book 1 - R5; Book 2 - R5; Book 3 - R20; Book 4 - R15

An LP model for this problem is:

Max PROFIT = 5B1+ 5B2+ 20B3 + 15B4

subject to

(PRINT) 0,1B3 + 0,382 + 0,8B3 + 0,4B4 < 4500
(BIND) 0,2B1 + 0,1B2 +0,1B3 + 0,3B4 < 4000
and Bl, B2, B3; B4

(Here B, 1s the number of books 2 to reprint, ¢ = 1,2,3,4)

The simplex method 15 used to solve this model and the final tableau is as follows

20

PRINTOUT 2
THE TABLEAU
ROW (BASIS) Bl B2 B3 B4 SLK 2
1 ART 0.000 5.000 5.000 0 000 30.000
(PRINT B4 0 000 1 000 3 000 1.000 4 000
(BIND Bl 1.000 -1 000 -4 000 0 000 -6 000
ROw SLK 3
1 10 000  180000.000
(PRINT =2.000  10000.000
(BIND 8 000 5000.000
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Answer the following questions:
(a) In which department 1s time scarce? Substantiate your answer 2]
(b) Explain the meaning of the shadow cost of B3 [2]

(c) Determine the range within which the per umt profit for Book 4 can vary without
affecting the optimality of the current optimal solution Show all your
workings [6]

(d) Determine the range within which the available time m the binding department
can vary without affecting the feasibility of the current optimal solution What
1s the range for the PROFIT associated with this range? Show all your
workings [5]

Question 3

Suppose you are 1nterested in choosing a portfolio from a set of mnvestments
{1,2,3,4,5,6,7} using binary variables X, = 1 1f investment 2 1s chosen and 0
otherwise (2 =1,2,3,4,5,6,7) Model the following constraints as linear constraints

(1) You cannot invest 1n all of them 2]
(2) You must choose at least one of them [2]
(3) Investment 1 cannot be chosen 1If investment 3 1s chosen [2]
(4) If mvestment 4 1s chosen, then investment 7 must also be chosen [2]
Question 4

A small paint company manufactures two types of paint, latex and enamel. In pro-
duction, the company uses 1 hour of labour to produce 10 litres of latex and 1,5 hours
of labour to produce 10 litres of enamel The company has 40 hours of daily labour
and 30 hours of overtime labour available each week Furthermore, if enamel paint is
produced, latex paint must also be produced. Each pamnt generates profit at a rate of
R10 per hitre The company has the following objectives.

1. Avoid the use of overtime (this restricts the labour time to the regular 40 hours).
2. Achieve a weekly profit of at least R10 000

3 Produce at least 700 litres of enamel paint each week

(1) Formulate thus problem as a goal programming problem Define all the decision
variables clearly. Do not solve the model. [13]
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(2) Assume that for every hour that Goal 1 1s exceeded (that 1s, overtime), the
company has to pay a penalty of R30 and that there 15 a potential loss of R5 for
every litre that falls short of the required 700 enamel litres production. Write
down the new objective function of the goal programming model. Do not solve
the model (2]

Question 5

Valley Wines buys grapes from local growers to blend two types of wine, a Grand
Cru and a Riesling. It costs R4 to purchase the grapes needed to make a bottle of
Grand Cru and R3 to purchase the grapes needed to make a bottle of Riesling The
shareholders insist that at least 40% but not more than 70% of all wine made be
Grand Cru. They have estimated that at most 1000 bottles of Grand Cru and 2000
bottles of Riesling can be sold It 1s also estimated that the demand for Grand Cru
mcreases by five bottles for each rand spent to promote Grand Cru while demand for
Ruesling increases by eight bottles for each rand spent to promote Riesling Grand
Cru sells for R30 per bottle and Riesling for R20 per bottle Valley Wines has R17 000
available to purchase grapes and advertise i1ts products. Formulate an LP model that
Valley Wines can use to decide how many bottles of each type of wine to produce
Do not solve the model

You should use the following variables

GC = number of bottles of Grand Cru made

RI = number of bottles of Riesling made
XC = amount of money (in rand) spent on promoting Grand Cru
Y R = amount of money (in rand) spent on promoting Riesling

You may define other variables if necessary Do not solve the model.

[TURN OVER]



DSC3702

7 Oct/Nov 2010
Question 6
A company has the following minimum daily requirements for workers on duty
From 0:00 to 400 - 15 workers
From 4:00 to 800 — 35 workers

From &8:00 to 1200 — 65 workers
From 1200 to 16.00 — 80 workers
From 1600 to 20:00 — 40 workers
From 2000 to 24:00 — 25 workers

FEach worker comes on duty at 0:00, 4:00, 8.00, 12 00; 16 00 or 20 00 and works for
eight consecutive hours Formulate the problem of finding the duty schedule that
minimises the total number of workers required. Assume that the same schedule is
repeated day after day

Do not solve the model
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