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PROBLEM 1

Question 1 [10]

The Move-It Company has two plants producing forkhifts that 1t then ships to three distribution
centres The production costs are the same at the two plants, and the cost of shipping for each
forklift for each combination of plant and distribution centre 18 shown n the table below

Distribution centre
1 2 3
Plant A | 8000 | 7000 | 4 000
Plant B | 6000 | 8000 | 5000

A total of 60 forkhfts are produced and shipped per week Each plant can produce and ship
any number up to a maximum of 50 forklifts per week, so there 18 considerable flexibility 1n how
to divide the production between the two plants so as to reduce shipping costs However, each
distribution centre must receive exactly 20 forkhfts per week

Management’s objective 18 to determine how many forkhfts should be produced at each plant
and then what the overall shipping pattern should be to minimise total shippmg costs

Formulate this problem as a linear programmmg problem Do not solve the problem

QUESTION 2 TO 8 ARE BASED ON PROBLEM 2.

PROBLEM 2:
(Note that the problem was not solved as an nteger programmng problem, thus use rounding
for the number of animals)

FARM MANAGEMENT

The Rangoaga family owns and operates a 250-hectare farm John Rangoaga 1s the current
manager of the farm while his wife Eunice runs the house and manages the farm’s finances The
family does all the work on the farm

The entire family can produce a total of 4 000 person-hours worth of labour during the winter and
spring months (6 months) and 4 500 person-hours during the summer and autumn (6 months)
If any of these person-hours are not needed, 1t will be used to work on a neighbourimg farm for
R15 per hour during the winter and spring months and R15,50 per hour during the summer and
autumn

The farm supports two types of hvestock, dairy cows and laying hens, as well as three crops,
soybeans, mealies, and wheat (All three are cash crops, but the mealies 15 also a feed crop for
the cows and the wheat 15 also used for chicken feed )

For each hectare planted with each of the three crops, the following table gives the number of
person-hours of work that will be required during the first and second halves of the year, as well
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as a rough estumate of the ctop’s net value (in either income or savings i purchasing feed for
the livestock)

Data per hectare planted

Person-hours required Sovbeans | Mealies | Wheat
Winter and spring 1,0 0,9 0,6
Summer and autumn 1,4 1,2 0,7
Value of crops per hectare R700 R600 R400

Currently, the family has an mvestment fund of R200000 that can be used to purchase more
livestock (Other money 15 available for ongoing expenses, including the next planting of crops )
The family currently has 30 cows valued at R150000 and 2000 hens valued at R40000 They
wish to keep all this hvestock and perhaps purchase more Each new cow would cost R5 500, and
each new hen would cost R20

Each cow will require 1 hectare of land for grazing and 10 person-hours of work per month, while
producing an annual cash income of R1850 for the family The corresponding figures for each hen
are no significant acteage, 0,05 person-hour per month, and an annual cash mcome of R40,25
The chicken house can accommodate a maximum of 5000 hens, and the size of the barn himits
the herd to a maximum of 42 cows

To provide much of the feed for the hvestock, John wants to plant at least 0,5 hectare of mealies
for each cow i the coming year’s herd and at least 0,05 hectare of wheat for each hen 1n the
coming year’s brood

During the winter months, the family make a decision about the mix of hvestock and crops for
the coming year Their objective 1s to maxinuse the family’s monetary worth at the end of the
coming year (the sum of the mcome from the lhivestock for the coming year plus the value of
the crops for the coming year plus what remains from the investment fund plus the value of the
livestock at the end of the conung year plus any mcome from working on a neighbouring farm)

To formulate this problem as a hinear programming model the following vanables are used

Let C be equal to the total number of cows on the farm next year

Let H be equal to the total number of hens on the farm next year

Let M be equal to the number of hectares planted with mealies

Let W be equal to the number of hectares planted with wheat

Let S be equal to the number of hectares planted with soybeans

Let NC be equal to the number of new cows bought (NC = C — 30)

Let NH be equal to the number of new hens bought (NH = H — 2000)

Let TS be equal to the number of hours available in summer for work on neighbouring farms
Let TW be equal to the number of hours available in winter for work on neighbouring farms
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The model is

Maxumise Z = 1850C -+ 40,25H + 600M+ T00S + 400W —5500NC + 5000C + 20H + 15TW
+15,50TS — 20N H

subject to
15 +0,9M + 0,6W +60C + 0,3H +TW < 4000 Person-hours in winter (Constrl)
1,45+ 1,2M +0,7W +60C +0,3H + TS5 < 4500 Person-hours in summer  (Constr2)
C -~ NC =30 Cows owned currently (Constr3)
H—-NH = 2000 Hens owned currently (Constr4)
C <42 Maximum cows (Constr5)
H < 5000 Maximum hens (Constr6)
M —0,5C >0 Mealies per cow (Constr7)
W —0,06H >0 Wheat per hen (Constr8)
M+W+S+C < 250 Hectares (Constr9)
20N H + 5500NC < 200000 Investment (Constrl0)
all varables >0,
PRINTOUT 1
THE TABLEAU
ROW (BASIS) C H M 3 W NC
1 ART 0.000 0.000 0.000 338 850 0.000 1699.275
CONSTR1 W 0.000 0.000 0 000 -5.600 0 000 50.550
CONSTR2 TS 0.000 0.000 0.000 -5.300 0.000 50.550
CONSTR3 C 1.000 0.000 0.000 0 000 0 000 -1 000
CONSTR4 H 0 000 1 000 0.000 20 000 0.000 30 000
CONSTRS SLK 6 G 0COo G.000 0 000 0.000 0.000 1 000
CONSTR6 SLK 7 G.000 0.000 0 000 -20 000 0.000 -30.000
CONSTRY NH 0.000 0 000 0.000 20 000 0 000 30.000
CONSTRS W 0.000 0.000 0.000 1.000 1 000 1 500
CONSTRS M 0.000 0.000 1.000 0.000 0 000 -0 500
CONSTR10 SLK 11 0.000 0.000 0 000 -400.000 0 000 4900 000
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ROW TW TS NH BSLK 2 SLK 3 SLK 6 SLK 7

1 0 000 0 000 0 000 15.000 15 500 0 000 0 000
CONSTR1 1 000 0.000 0 000 1 000 0 000 0 000 0 000
CONSTR2 0 000 1.000 0 000 0 000 1 000 0 000 ¢ 000
CONSTR3 0 000 0 000 0 000 0 000 0 000 0 000 0 000
CONSTR4 0 000 0 000 0.000 0 000 0 000 0.000 0 000
CONSTRS 0 000 0 000 0 000 0 000 0 000 1 000 0 000
CONSTR6 0.000 0 000 0 000 0.000 0 000 0 000 1 000
CONSTR7 0.000 0 000 1 000 0.000 0 000 0 000 0 000
CONSTRS8 0 000 0.000 0 000 0 000 0 000 0 000 0 000
CONSTRS 0 000 0 000 0 000 0 000 0 000 0 000 0.000
CONSTR10 0 000 0 000 0.000 0 000 0 000 0 000 0.000

ROW  SLK 8 SLK 9 SLK 10 SLK 11
1 0 43E+03 0.62E+03 0 10E+04 O OOE+00 0O 53E+06

CONSTR1 -5 700 -6 000 -6 600 0 000  833.500
CONSTR2 -5 500 -6 000 -6 700 0 000 1308 500
CONSTR3 0 000 0 000 0 000 0 000 30 000
CONSTR4 20.000 20 000 20 000 0 000 4100 000
CONSTRS 0.000 0 000 0 000 0 000 12 000
CONSTR6  -20 000  -20 000  -20 000 0 000 800 000
CONSTR7 20 000 20 000 20 000 0 000 2100.000
CONSTRS 1 000 0.000 1.000 0 000 205 000
CONSTRS -1.000 0 000 0 000 0 000 15 000
CONSTR10 -0 40E+03 -0 40E+03 -0 40E+03 1 0 0 16E+06

LP OPTIMUM FOUND AT STEP 5

QBJECTIVE FUNCTION VALUE

1) 534309 2
VARIABLE VALUE REDUCED COST
C 30 000000 0 000000
H 4100 000000 0 000000
M 15 000000 0.000000
S 0 000000 338 850006
W 205 000000 0 000000
NC 0.000000 1699 275024
TW 833 500000 0 000000
TS 1308 500000 0 000000
NH 2100 000000 0 000000
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ROW
CONSTR1)
CONSTR2)
CONSTR3)
CONSTR4)
CONSTRS)
CONSTRS6)
CONSTR7)
CONSTR8)
CONSTR9)

CONSTR10)

SLACK OR SURPLUS

9

1680

NO. ITERATIONS=

RANGES IN WHICH THE

VARIABLE

L Vs -G = = '

NC
TW
T8
NH

ROW

CONSTR1
CONSTR2
CONSTR3
CONSTR4
CONSTR5
CONSTR6
CONSTR7?
CONSTRS
CONSTRS
CONSTR10

6850
60

600.

700
400
-5500
15

15

-20.

4000
4500
30

2000.

42
5000

0.
0.

250
200000

0.000000
0 000000
0.000000
0.000000
12.000000
00.000000
0.0060000
0 000000
0 000000
00.000000

CURRENT
COEF

000000
250000
000000
000000
000000
000000
000000
500000
000000

CURRENT
RHS
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

DUAL PRICES
15 000000
15 500000

3800 725098
20.000000

0 000000
0 000000

-434.250000

-622.000000

1002.150024

0 000000

BASIS IS UNCHANGED

0BJ COEFFICIENT RANGES

ALLOWABLE
INCREASE

1699 274902

INFINITY

434 250000
338 850037

INFINITY

1699 274902

60.508926
63 933960
INFINITY

RIGHTHAND SIDE RANGES

ALLOWABLE

INCREASE
INFINITY
INFINITY

12.000000

2100.000000

INFINITY
INFINITY

105 000000
105 000000

45 000000
INFINITY

ALLOWABLE

DECREASE
INFINITY

16.942499
INFINITY
INFINITY

338 849976

INFINITY
15 000000
15 500000
16.942499

ALLOWABLE
DECREASE

833.

1308
30
7900
12

900

15

45

105
158000

500000
500000
000000
000000
000000
000000

.000000
.000000

000000
000000
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Question 2 2]

John obtaied an optimal solution and generated the additional output provided for performing
post-optimality analysis What does the model predict regarding the family’s monetary worth
at the end of the coming year?

Question 3 [5]

What 1s the optimal number of hens and cows to have on the farm next year” How many new
hens and cows should they buy? What 1s the optunal number of hectares to plant with each
crop”

Question 4 (4]

What should they be prepared to pay per hour for a farm worker to help on the farm mn winter?
Should they consider hirning extra help?

Question 5 (5]

They can rent an adjomng field of 10 hectares  What 1s the allowable range of the hectares they
can farm m order for the current solution to stay optimal?

Question 6 [4]

How would the fannly’s objective function vary if the available mvestment fund were R250 000
mstead of R200 0007

Question 7 [2]

Within what range can the objective function value for cows change so that the optimal solution
stays optimal? John can buy an extra 3 cows for R3000 from a neighbour How will their
objective function value changes if he buys the cows?

Question 8 [10]

The Rangoagas want thewr children to be well educated Therefore, they restrict the number of
houts the famuly can work on neighbouring faims to a maximum of 900 hows per year This goal
1s twice as important as the other goals They also want to plant at least 25 hectares of meahes
as 1t do not require too much transportation because the neighbours buy the meahes directly
from them They want to 1estrict the number of cows they have to at most 40 Formulate the
goal programming model that the Rangoagas should solve Define clearly any additional variable
that you may need Do not solve the model.
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PROBLEM 3:

Question 9 [20]

The Fly-Right Airplane Company builds small jet airplanes to sell to corporations for the use of
their exccutives To meet the needs of these executives, the corporations order custom-designed
planes These custom-designed planes require substantial set-up costs

Fly-Right has recently received purchase requests from four customers However they will not be
able to accept all three orders Therefore a decision needs to be made on the number of planes
they can agree to produce for each of the customers

The relevant data are given in the next table

Customer
1 2 3 4
Set-up 1n mithons of rand 3 2 0 1
Marginal revenue (per umt i milhions of rand) | 2 3 08 25
Capacity used per plane 20% 40% 20% 10%
Maximum order 1n planes 3 2 ! 6

Fly-Right now wants to determne how many airplanes to produce for each customer (if any) in
order to maximise the company’s total profit (total revenue minus set-up costs)

There arc two suppliers available to supply the engmes for the planes Either suppler 1 or
supplier 2 can be used Supplier 1 can supply 10 and supplier 2 can supply 12 engines If z, 1s
the number of planes to manufacture for customer ¢, : = 1,2,3,4, the relevant constraints are

321+ 220 +5x5 + 4z, <10 and 1z + 329 + 223 + 63y < 12

Formulate a model with both integer and binary vanables for this problem Do not solve the
model (All vaniables should be clearly defined and a model with undefined variables will not be
marked )

PROBLEM 4:

Question 10 [6]

The following integer programmuing mocel 1s given

Maximise Z = 8z, + 62,
subject to
5x1 - 6xg < 60
1l — Tz <77

zy, 22 = 0, integer
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The optimal non-mteger solution 1s

1, =

T =
Z_

1,35
8,37
64,02
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Explain what the next step of the branch-and-bound method would be to solve this pioblem

PROBLEM 5:

Question 11

[12]

Suppose we have obtained the following tableau for a maximisation problem State the conditions
on ap, @z, as, b,c1, and ¢g that are required to make the following statements true

THE TABLEAU

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

X
C1 000
4 000
-1 000
A3 000

Y

C2 000
A1 000
-5 000
-3.000

0 000
1 000
0 000
0 000

SLK
0 000
0 000
1.000
0.000

SLK

0.000
A2.000
-1 000
-4.000

a) The current solution 18 optimal and theie are alteinative optimal solutions

¢) The current basic solution 1s a degenerate solution

(
(b) The cutrent bastc solution 1s not a hasic teasible solution
(
(

)
d) The current hasic solution 1s feasible, but the LP 1s unbounded
)

SLK 4
0 000
0.000
0 000
1.000

(e) The current basic solution 1s feasible, but the objective function value can be improved by
replacing a¢ as a basic vanable with 2,
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