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DEPARTMENT OF STATISTICS AND DEMOGRAPHY

MAIN EXAMINATION, 2012/13

COURSE TITLE: OPERATIONS RESEARCH I

COURSE CODE: ST 408

TIME ALLOWED: TWO (2) HOURS

INSTRUCTION: ANSWER QUESTION ONE AND ANY TWO QUESTIONS

- SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND GRAPH PAPER

DO NOT OPEN THIS PAGE UNTIL PERMISSION HAS BEEN GRANTED BY THE
INVIGILATOR
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Question 1

(a)Consider the network shown in the figure below. The activity times in days are given along the arrows
Calculate: .

(1) The earliest starting and finishing times (5 marks)
(ii) The latest starting and finishing times (5 marks)
(iii) The slack for the events and determine the critical path. Put the calculations in tabular form.

(5 marks)

4 7

(b) Consider the following precedence table showing the probable activity times (in weeks) associated
with staging a conference of University Professors of Management Science

Activity Optimistic Most Likely Pessimistic

1-2 3 4 6

1-3 1 2 4

2-3 1 3 5

2-4 6 8 12

3-4 2 3 5

3-5 1 2 4

4-6 4 5 9

5-6 4 6 11

Determine;
(i) The expected activity time and variance of the expected activity time for each activity (10 marks
(ii) The critical path for this project. (2 marks)
(iii)Assume that the conference planners would like to complete all their planning activities within 1¢

weeks. What is the likelihood of this occurring? (3 marks)
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Question 2

(a) Suppose we wish to establish a communication network for the oil field, intermediate facilities and
refinery, so that communication lines connect all locations. The cost associated with establishing
communications between any two of the facilities is a function of the distance between any two facilities.
The distances between facilities is as given below:

Connection Distance (km) Connection Distance (km)
Oil field — A 105 D—G 140
Oil field — B 115 D—E 143
Oil field —» C 125 E—-G 121
A—B 135 E—F 113
A—D 120 F—H 109
B—D 100 G—Refinery 101
B—E 114 G—H 119
C—B 122 H—Refinery \ 121
C—-F 117
(i) Draw the network (3 marks)
(ii) Determine the shortest route from the oil field to the refinery. (7 marks)
(b)For the following pipeline network, find the maximum natural gas flow from source to sink.
(10 marks)
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Question 3

(a) A mail-order house uses 18, 000 boxes a year. Carrying costs are 60 cents per box per year, and
ordering costs are E96. If the following price schedule applies; determine:

(i) Determine the optimal order quantity that will minimize total cost. ' (7 marks)
(i1) The number of orders per year. (3 mark)
Number of boxes Price per box

1,000 - 1,999 E12.50

2,000 - 4,999 E12.00

5,000 — 9,999 E11.50

10,000 or more E11.00

(b) Demand for Café 87’s whipped-cream double-layer cake at a local pastry shop can be approximated
using a Poisson distribution with a mean of six per day. The manager estimates that it costs E50 to
prepare each cake. Fresh cakes sell for E90 whilst day-old cakes sell for E75 each. What stocking level is
appropriate if one-half of the day-old cakes are sold and the rest thrown out? (10 marks)

Question 4

(a) Chrissilda Swaziland currently employs one worker whose job is to load bricks on outgoing company
trucks. An average of 24 trucks per day or 3 per hour, arrive at the loading bay, according to a Poisson
distribution. The worker loads them at a rate of 4 trucks per hour, following an approximately exponentiz
distribution in his service times.

Chrissilda believes that adding a second brick loader will substantially improve the firm’s productivity.
He estimates that a two-person crew at the loading Bay will double the loading rate from 4 trucks per hou

to 8 trucks per hour.
(i) Analyse the effect on the queue of such a change and compare the results to those achieved with one
worker. (10 marks)

(b) Truck drivers working for Chrissilda earn an average of E350 per hour. Brick loaders receive about
E200 per hour. Truck drivers waiting in the queue or at the loading bay are drawing a salary but are
productively idle and unable to generate revenue during that time. What would be the hourly cost savings
to the firm if it employs 2 loaders instead of 17

(10 marks)
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Question 5

An oil company has recently acquired rights in a certain area to conduct surveys and test drillings to
lead to lifting oil where it is found in commercial exploitable quantities. The area is already
considered to have good potential for finding oil in commercial quantities. At the onset, the company
has the choice to conduct further geological tests or to carry out a drilling programme immediately.
On the known conditions, the company estimates that there is a 65:35 chance of further tests showing
a success.

Whether the tests show the possibility of ultimate success or not or even if no tests are undertaken
at all, the company could still pursue its drilling programme or alternatively consider selling its rights
to drill in the area. If the drilling programme is carried out, the likelihood of final success or failure
depends on the foregoing stages. Thus:

e If successful test has been carried out, the expectation of success in drilling is given as 75:25

¢ If tests indicate failure, then the expectation of success in drilling is given as 25:75

* If no tests have been conducted, the expectation of success in drilling is given as 55:45.

Costs and revenues have been estimated for all possible outcomes and the net receipt of each is given
below:

Outcome Net receipt (Emillions)
Success:
With prior tests 105
Without prior tests 125
Failure:
With prior tests -55
Without prior tests -45
Sale of exploitation rights:
Prior tests show success 65
Prior tests shoe failure 15
Without prior tests 45
(a) Draw a decision tree to represent the above information. (5 marks)
(b) Evaluate the tree and advise the management of the company on its best course of action.
(15 marks)
END OF EXAM!!
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