
' 

NATIONAL UNI\!ERSITY OF SCIENCE AND TECHNOLOGY 

FACULTY OF APPLIED SCIENCE 

DEPARTl\IIENT OF STATISTICS AND OPERATIONS R ESEARCH 

SORS 2104 : OPERATIONS RESEARCH TECHN IQUES 

BSc OPERATIONS R ESEARCH & STATISTICS: P ART II 

December 2024 EXAMI~ATION 

Time : 3 hour~ 

Total iVlark~ : 100 

Candidates n1ay atten1pt ALL Questions in Section A and at n1ost THREE Questions in 
Section B. Show all working where necessary. You may use a calculator, Graph paper and 
Statistical Tables will be provided. 

SECTI ON A : Atte1n pt a ll questions in this section ( 40 1narks). 

Al. (i) Define the tern1 slack of an activity and crit ical path as used in project manage-
n1ent. [4) 

(ii)Explain the tern1s latest start time and earliest finish t in1e of a project . [4] 

(iii)The expected tin1e to c01nplete a project is 21 ' '"eeks vvith a standard deviation of 
2.15 weeks. \tVhat is the probability that the project will be delayed? [5) 

A2. Construct a network diagran1 for the network connections in Ta blel. 

(a) Find the n1inin1un1 spanning tree . 

(b) The shortest route from E to all the other nodes. 

[3) 

[3] 

[5] 
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Table 1· Network connections . 
A B c D 

A - 6 9 4 
B 6 - 9 8 
c g g - 6 
D 4 8 6 -
E 10 7 12 3 

A3. (a) \ i\ihat is the uifference uetween PERT and C P M 

(b) Stat e and explain any 3 rules for drawing a network diagran1. 

A 4. A project consists of the following tasks 

Table 2: Precedence table for a roofing project 
Ta ·k Dura tion( days) 
A 3 
B 5 
c 2 
D 4 
E 6 
F 3 

(a) Draw a G antt char t for t his proj ect .Assun1ing work begins on day 1. 

(b) Determine t he earliest day each t ask can star t and fini sh. 

E 
10 
7 

12 
3 
-

(2] 

(6] 

Predecessors 
None 
A 
A 
B,C 
c 
D,E 

(5] 

[5) 
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SE CT ION B: Attem p t any three questions in this sect ion (60 marks) . 

B5 . Arrivals at a fuel service station arc considered to he Poisson at an average ti1ne of 4 
n1in between arrivals. The length of service is distributed with a 1nean of 2 n1in 

(a) Deten11ine the: 

(i) expected fraction of the day that the fuel attendant will be serving. 

(ii) expected nun1ber of vehicles in the systen1. 

(iii) expected waiting tin1e in the systen1. 

(b) What is the probability that : 

[3] 

[4] 

[3] 

(i) a vehicle will have to wait in the queue? [3] 

(ii) there are n1orc t han 3 vehicles in the systcn1? [3] 

(iii) a vehicle will have to \ivait more than 3min in the queue before service? [4] 

B6 . (a) State and explain 3 effects of understacking in business. [ 6) 

(b) Initiating an order for cleaning detergents costs$25 . Detergent costs $1 per 
li ter,$0.55 holding cost per year per liter. Den1and 260 OOOlitres per year. 

(i) vVhat is the n1ost econ01nical an1ount of detergent to order? 

(ii) How n1any orders should be placed in a year? 

(iii) How often should an order be placed? 

(iv) Calculate the total annual costs. 

[4] 

[3] 

[3] 

(4] 
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B 7. (a) What is the difference between optimistic time and pessin1istic t in1e in reference 
to project activi ty t imes? [4) 

(b) Using the info rmation in Table 3 

Table 3: Precedence table for a bui lding project 
Task Duration (days) Predecessors 
A 5 -
B 15 A 
c 25 B 
D 15 B 
E 30 l3 
F 10 C,D 
G 10 E,F 
H 5 G 
I -b H 

(i) Draw the network diagran1 for t he project. [6) 

(ii) Detern1ine the crit ical path and the planned duration of the project in weeks. [6) 

(iii) Identify any non cri t ical tasks and t he float on each. [4) 
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B8. (a) Explain the tern1 'optimal decision~ as used in decision analysis . [2] 

[2] (b) v\ hat is a pay off table? 

(c) A decision n1aker is faced with four decision alternatiYes and four states of nature 
and develops the following profit pay off table. 

Table 4: Profit pay off table 
StaLe of nature 

Decision alternat ive s1 82 83 34 

d, 
d2 

d'j 

d4 

140 9S 100 50 
110 100 0 70 
90 100 105 101 
80 105 110 130 

If the decision maker know nothing about the probRbilities of the four states, what 
is the rccomn1cnclcrl. rlecision using: 

(i )optin1istic approach. 

(ii) rninin1ax approach. 

[2] 

[ 6] 

(iii) Suppose the decision n1aker obtains inforn1ation that P(s1 ) = 0.3 : P(s2 ) = 0.2 
, P(s3 ) = 0.1: P(s-1 = 0.4. Use the expected value approach to determine the 
optin1al decision. [8] 
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LIST OF SELECTED FORMULAE 

(i) Lq= 

p.(J-L - A) 

(ii) \!Vq = 

(iii) L = Lq + 

(v) D = 

(vi) Po = 1 -

(vii) Pn = Po -

(viii) P normore = P o 

A 

f.1 

1 

f.1 

f.1 
(J-L- .A) 

.A 
jJ. 
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