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Question 1 [20]

Jonson, a pharmaceutical manufacturing company, developed a drug against hypertension which
was a huge success The patent for the hypertension drug has now expired Jonson 1s therefore
looking to invest significant amounts of money 1n research and development this year to begin
the search for a new breakthrough drug As the head of research and development at Jonson,
you are responsible for choosing potential projects and assigning project directors to lead each
of the projects You have decided that your department will pursue five separate projects, which
are listed below

Project Up Develop an antidepressant that does not cause serious mood swings
Project Stable | Develop a drug that will treat manic depression

Project Choice | Develop a less intrusive birth-control method for women

Project Hope Develep a vaccine to prevent HIV infection

Project Release | Develop a more effective drug to lower blood pressure

You have appointed five senior scientists to lead the five projects To ensure that the semor
scientists are assigned to projects they will find motivating you have established a bidding system
for the projects You have given each of the five smentists 1000 bid points They assign ids to
each project, giving a higher number of nd ponts to projects that they most prefer to lead The
following table provides the bids from the five individual senior scientists for the five individual
projects

Project Botha [A] | Rangoaga [B] | Mulaudz: [C] | Modise [D] | Jones [E]
Up  [A]] 100 0 100 567 100
Stable [2] 400 200 100 153 33
Chorwce [3] 200 800 100 99 33
Hope [4] | 200 0 100 451 34
Release [5] | 100 0 600 30 800

(a) Given the bids, formulate the problem as an LP model to decide which scientist should
be assigned to which project [Which scientists should lead which projects to maximse

preferences?] Each doctor must be assigned one project (10)
(b) One of the doctors 1s looking for other opportunities If she leaves, the least popular project
would be dropped Whch project would that be? (2)
(¢) If Dr Jones leaves, Dr Rangoaga or Dr Modise can head two projects Give the new
formulation of the model Only four doctors are available (4)

(d) Considering the first scenario agamn, you think that some scientists should not lead certain
projects Dr Modise [D] cannot lead Project Hope [4], he 15 also not a good candidate for
Project Stable [2] Dr Botha cannot lead projects Hope [4] and Release [5] Dr Jones cannot
lead Project Up Formulate the model agan taking mto account this new information
Wnie down only the new constraints (4)
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Question 2 [12]

The Tshwane Advertising Agency, TAA, 15 trying to determine a television advertising schedule
for Mzansi Auto Company, MAC. MAC has set itself the following goals listed m order of priority
from most to least important

¢ Its advertisements should be seen by at least 4 million high-imncome men, HIM
e Its advertisements should be seen by at least 6 million low-income people, LIP
o Its advertisements should be seen by at least 3,5 million high-income women, HIW

TAA can buy two types of television advertisements those advertisements shown during foot-
ball games and those shown during soap operas TAA can spend at most R6000000 on such
advertisements

The advertising costs and potential viewers of a one-minute advertisement of each type are shown
mn the following table

Group HIM LIP HIW | Cost (rand)
Football advertisements 700000 1 malhon 500000 100000

Soap opera advertisements | 300000 500000 400000 60000

This problem can be solved by means of a goal programming model
Do not formulate this goal programming model, but do the following

(a) Define the decision variables needed to determine the advertising time allocated to each

type of television advertisement (3)
(b) Define the deviation vanables associated with MAC’s most important goal. (3)
(c) Formulate and write down the objective function of the goal programming model (3)

(d) Formulate and write down the goal (soft) constraint corresponding to MAC’s
most 1mportant goal (2)

(e) Formulate and write down the system (hard) constraint needed to restrict TAA
to the advertising budget. (1)
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Question 3 [15]

A refinery specialises 1n creating certamn alloys of iron Four mines have offered to sell them ore
for creating an alloy for which they have received an order of 1000 tons from a car manufacturer
They do require, however, that the alloy contains at least 6% carbon and not more than 55%
won The cost (in 100's of rand) and metal characteristics of the four types of ore are given
below

Orel | Ore2 | Ore 3 | Ore 4

Carbon 4 5 - 4
Iron 42 78 50 30
Cost 6 6 5 7

The purchasing manager has formulated the following LP model

Mmimise COST =60, +60,+503+70,
subject to
NICKEL 0,040; + 0,050, + 0,0804 >
IRON 0,420, + 0,7805 + 0,5003 + 0,3004 < 550
QUANTITY O + 0Op + O3 + 04 = 1000
and O1,02,05,04 2 0,

where O, = number of tons of ore type 1 purchased, z = 1,2,3,4

The optimal solution 15 given on PRINTOUT 1 at the end of this question Use 1t to answer
the following questions Substantiate all your answers

(a} Wnite down the refinery’s optimal purchasing plan and cost (2}

(b} How good a deal should the purchasing manager get on ore type 1 before he would be
willing to buy 1t for this order? (2)

(¢) Upon further investigation, the purchasing manager finds that ore type 2 1s now being sold
at R620 per kg Will the purchasing plan change? By how much will the cost of purchasing
the metals increase? (3}

(d) The customer 1s willing to raise the ceilling on the iron content 1 order to negotiate a
reduction in the price he pays for the order How should the purchasing manager react to
this? (4)

(e) The customer now specifies that the alloy must contan at least 9% mickel Can the pur-
chasing manager comply with this new specification” Will the price charged for the order
change? (4)
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PRINTOUT 1

LP OPTIMUM FOUND AT STEP

OBJECTIVE FUNCTION VALUE

1)

VARTABLE
01
02
03
04

ROW
1)
2)
3

6376 543

VALUE

0 000000
493 827148
64 814812
441 358032

SLACK OR SURPLUS
0 000000
0 000000
0 000000

NO ITERATIONS = 3

REDUCED COST
0 012346
0 000000
0 000000
0 000000

DUAL PRICES
-23 456791
0 617284
-5 308642

RANGES IN WHICH THE BASIS IS UNCHANGED

VARIABLE

01
02
03
04

ROW

B -

CURRENT
COEF

6 000000

6 000000

5 000000

7 0000060

CURRENT
RHS

60 000000

550 000000

10600 000000

0BJ COEFFICIENT RANGES

ALLOWABLE
INCREASE
INFINITY
0 250000
0 025641
0 026316

RIGHT-HAND SIDE

ALLOWABLE
INCREASE
4 375000
70 000000
400 000000

ALLOWABLE

DECREASE
0 012346
3 800000
0 666667
0 400000

ALLOWABLE
DECREASE

51 071430
200 000000
44 303795
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Question 4 [17]

A manufacturer uses metal alloys to make three kinds of products The amount of each type
manufactured 1s symbolised by 4, B and C' The process 1s subject to restrictions on materal,
welding, finishing and spection, as elaborated i the following model

2A+ 3B+ 2C <120 (MAT)

4A+ 3B+  C <160 (WELD)

3A+ 2B+ 4C <100 (FINISH)
0,254 + 0,25B + 0,25C < 12 (INSPECT)

Product A contributes R4000 to the profit, Product B contributes R3000, and Product C
contributes R4 500. Workers are paid R50 an hour during normal working hours

Refer to PRINTOUT 2 at the end of this question to answer the following questions

(a) Wrnite down the basic variables and their values, the nonbasic variables and their values,
and the corresponding profit (3)

(b) What 15 the difference between basic and nonbasic variables? (2)

(c) How would you define the shadow price of a constramt? What 1s the shadow price of the
materials constraint? (2)

(d) Within which range can the right-hand side of the materials constramnt vary without affect-
mg the feasibility of the current basis? What 1s the associated range for the optimal value

of the objective function? {5)
(e) Within which range can the objective function coefficient of Product C vary without af-
fecting the feasibility of the current basis? (5)
PRINTOUT 2
THE TABLEAU
ROW (BASIS) A B C SLK 2 BLK 3 SLK 4
1 ART 0.000 0 000 500 000 500 000 0.000 1000 000
MAT B 0 000 1 000 -0 400 0.600 0 000 -0 400
WELD SLK 3 0 000 0 000 -4 200 =0 200 1.000 -1 200
FINISH A 1 000 0 000 1.600 -0.400 0 000 0 600
INSPECT SLK 5 0 000 0 000 -0 050 -0 050 0 000 -0 050

ROW  SLK 5
1 0 Q0E+Q0 O L18E+08
MAT 0 000 32 000
WELD 0 000 16 000
FINISH 0 000 12 000
INSPECT 1 000 1 000
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Question 5 [12]

The Southern Communal Farmmg Confederation (SCFC) 1s a group of three communal farms mn
South Africa Overall planmng for the three farms 1s currently being done for the coming year

The agnicultural output of each farm 1s hmited by both the amount of irngable land and the
quantity of water allocated to them These data 1s given 1n the table

Farm | Irrigable land | Water allocation
(in hectares) (in htres)
1 400 600
600 800
3 300 375

Because of the limited quantity of water, SCFC would not be able to use all its land for planting
crops this year To ensure equity it has agreed that each farm will plant the same proportion
of 1ts available land (For example, if farm 1 plants 200 of 1ts 400 hectares of land, farm 2 may
plant 300 of 1ts 600 hectares ) However, any combination of crops may be planted on any farm

Crop Maximum hectares | Water consumption Net return
(htres/hectare) (rand hectare}
Sugar beet 600 3 1000
Cotton 500 2 750
Sorghum 325 1 250

The coordimating office must decide how many hectares to devote to each crop on each farm
while satisfying the restrictions

The objective 1s to maximise the total net return to the SCFC (all three farms together) For-
mulate a LP model for this problem, but do not solve the model

Question 6 [4]
Explam what 1s meant by the following
(a} a degenerate solution (2)
(b) an nfeasible solution (2)
Total: [80]
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