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DEPARTMENT OF STATISTICS AND DEMOGRAPHY 

SUPPLEMENTARY EXAMINATION, 2014/15 

COURSE TITLE: OPERATIONS RESEARCH II 

COURSE CODE: ST408 

TIME ALLOWED: THREE (3) HOURS 
\ '.,,: 

INSTRUCTION: ANSWER QUESTION 1 AND ANY TWO QUESTIONS 

SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND STATISTICAL TABLES 

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

Building a backyard swimming pool consists of nine major activities. The activities and their 
immediate predecessors are shown. 
a. The project network and the immediate predecessors are presented below. 

Activity 
Immediate Predecessor 

A B C 
A.B 

D 
A,B 

E 
B 

F 
C 

G 
D 

H 
D,F 

I 
E,G,H 

".
'.~ 

(10 marks) 
b. 	 Assume that the activity time estimates (in days) for the swimming pool construction project are 

as follows: 
Activity Optimistic Most Probable Pessimistic 
A 3 5 6 
B 2 4 6 
C 5 6 7 
D 7 9 10 
E 2 4 6 
F 1 2 3 
G 5 8 10 
H 6 8 10 
I 3 4 5 

(i) Specify all the paths 	 (8 marks) 
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(ii) 	 Compute the expected times for each activity and the expected duration for each path 
(10 marks) 

(iii) Identify the critical path. 	 (2 marks) 
(iv) 	 Compute the variances for each activity and the variance and standard deviation of each 

path. (10 marks) 
(v) 	 What is the expected time to complete the project? 
(vi) What is the probability that project can be completed in 25 or fewer days? 	(10 marks) 

Question 2 

Pete is considering placing a bet on the NCAA playoff game between Indiana and Purdue. Without any 
further information, he believes that each team has an equal chance to win. If he wins the bet, he will win 
$10,000; ifhe loses, he will lose $11,000. Before betting, he may pay Bobby $1,000 fot his inside 
prediction on the game; 60% of the time, Bobby will predict that Indiana will win and 40% of the time, 
Bobby will predict that Purdue will win. When Bobby says that IU will win, IU has a 70% chance of 
winning, and when Bobby says that Purdue will win, IU has a 20% chance ,Pfwinning. 

(a) Determine how Pete can maximize his total expected profit. 
(b) What is EVSI? What is EVPI? 

(20 marks) 
(10 marks) 

Question 3 

\.: (a) City Cab Company identified 10 primary pickup and drop locations for cab riders in New York 
City. In an effort to minimise travel time and improve customer service and the utilization of the 
company's fleet of cabs, management would like the cab drivers to take the shortest route between 
locations whenever possible. Using the following network of roads and streets, what is the route a 
driver beginning at location 1 should take to reach location 10? The travel times in minutes are 
shown on the arcs of the network. Note that there are two one-way streets with the direction shown 
by the arrows. (10 marks) 
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(b) The road system around the hotel complex from Node 1 to Node 11 is shown in the network 
below. The numbers by the nodes represent the traffic flow in hundreds of cars per hour. What is 
the maximum flow of cars from Node 1 to Node 11. (20 marks) 

Question 4 

,(a) Customers arrive at a one-window drive-in bank according to Poisson distribution with mean 10 per 
fio'Ur. Service time per customer is exponential with mean 5 minutes. The space in front of the window, 
including that for the serviced car can accommodate a maximum of three cars. Other cars can wait outside 
this space. 

(i) 	 What is the probability that an arriving customer can drive directly to the space in front of the 
window? 

(ii) What is the probability that an arriving customer will have to wait outside the indicated space? 
(iii)How long is an arriving customer expected to wait before being served? (10 marks) 

(b) A newspaper boy buys papers for E5 each and sells them for E6 each. He cannot return unsold 
newspapers. Daily demand for newspapers follows the following distribution: 

x 10 11 12 13 14 15 16 
Px 0.05 0.15 0.40 0.20 0.10 0.05' 0.05 

(i) 	 If each day's demand is independent of the previous days, how many papers should be ordered 
each day? (10 marks) 
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(c) Some of the spare parts of a ship cost E50, 000 each. These spare parts can only be ordered together 
with the ship. If not ordered at the time the ship is constructed, these parts cannot be available on need. 
Suppose that a loss of E4, 500,000 is suffered for each spare that is needed when none is available in the 
stock. Further suppose that the probabilities that the spares will be needed as replacement during the life 
term of the class of ship discussed are: 

Spares required Probability 
o 0.900 
1 0.040 
2 0.025 
3 0.020 
4 0.010 
5 0.005 
6 or more 0.000 
Total 1.000 (10 marks) 

Question 5 

A wholesale manager sells packets of ginger biscuits at the following prices: 

".,,;
, 	

Quantity Unit Price 
Less than 1 000 packets E5.00 
1 000 - 3 999 E4.95 
4 000 -5999 E4.90 
6000 or more E4.85 

Ordering costs are E50, annual holding cost is 40 percent of the purchase price and monthly usage is 6 
000 packets. Determine an order quantity that will minimize total cost and determine the minimum total 
cost. (30 marks) 

END OF EXAM!! 
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Probability For Dummies --------------~---
Table A-2 (continued)"'" 

TableA~2 

Number in the 
table represenll 

P{z "zl 

The cdf of the ZDistribution (the ZTable) 

o 

f. 

Number in the 
tabl. 

Pl. ··zl 
repre.ents ~~ 

o z 
o 

0.00 0.01 0.02 	 0.03 0.011 0.05 0.06 0.1I7j 0.08 0.09 

.5319 .5359
0.0 I .5000 .5040 .5080 	 .5RO .5160 .5199 .5239 .5219 

.5438 .5478 .5517 	 ,.5557 .5596 .5636 .5675" .5114 .5753 

:~ j.::~ W ~ ~ ~ d d ~ d ~ 


.5832 .5811 .5910 	 .5948 .5987 .6026 .0054 .6103 .8141-3.6 ,00\f2 .0002 ,.0001 .0001 .0000l .0001 .0001 .0001 .0001 .0001 

..as.OOO2 .0002 .0002 .DOO2 .000z .oooz .0002 .D002 .000Z .0002 0.3 .6119 .6217 
 Ji255 .8293 m31 	 .6389 .6406 .5443 .6480 .6517 


0.4 .6554 .6591 .6628. 	 .0054 .6100 Ji736 .6772 .6808 .6844 .6619-3.4 .0003 .DOO3 .0003 	 .GOO3 .0003 .0003 .0003 .0003 .0002 .0002 

-3.3 .000S .0005 .000S 	 .DOO4 .0004 .0004 .0004 .0004 .0003 .0003 0.5 Ji915 .6950 .6985 .7019 .7054 .7088 .1123 .7151 .7190 .7224 


0.6 .7257 .7291 .7324 	 .7357 .7399 .1422 .1454 .7486 .1517 .1549-3.2 .0007 .DOO7 .0006 .0006 .0006 .DOO6 .0006 .0005 0005 .0005 
0.1·1 .1580 .7611 .1542 .7673 .1704' .1734 '.7154 .7794 .1823 .7852-3.1 .0010 .D009 .0009 JlOIl9 .0008 .0008 .0008 -!IJl4!B) ,0007 .0007 


,1939 .7967 J995 .8023 .8051 .60711 .8106 .8133
-U .0013 .0013 .0013 	 .0011 .0012 .0011 .0011 .0011 .0010 .0010 0.8 .1881 .1910 

G.9 .8159 .8186 .8212 	 .6238 .8264 .8289 .B315 .8340 .8365 .6389
-2.9 .0019 .D018 .0018 .D017 .0016 .0016 .0015 .0015 .0014 .0014 

11621
-2.1 .0026 .D025 .D024 .0023 .0023 .0022 .0021 .DOZl .0020 .0019 1.0 .8413 .8438 
 .8461 .8485 .9908 	 .11531 .8554 .8577 .8599 .

.0749 .8770 .8790 .8810 .8630
-1.7 .0035 , .0034 .0033 .D032 ,0031 .0030 .0029 .D02~ .0027 .0026 1.1 .8843 .B1l65 .8886 .8108 .8129 


-1.6 .0041 .0045 .0000,.D043 .0041 .0040 .0039 .0038 .0037 .D036 1.2 ,I .8849 .8869 .o88B .8907 .8925 .8944 .0982 .9980 .8997 .9015 


-U .0062 .0060 .0009 .D057 .005!i .0054 .0052 .ooSI .0049 .0048 13;j .9932 .90119 .9066 ~2 
 .llO99 .9115 	 .9131 .9147 .9162 .9117 


.9279 .9292 .8306 ,9319
1.4 	 .9192 ,8201 .9222 .9236 .9251 .9265 


.9370, .9382 .9394 .9406 .9418 .9429 .9441 

-1.4 .OOOZ .0080 .0078 	 .0015 .0013 .DOlI .0069 .D068 .0066 .DO,64 
-2.3 .0101 .01011 .0102 	 .D099 .0096 .0094 .0091 .0089 .D087 .0084 1.5 .8332 .9345 .9351 


1.& .9452 .9483 .9474 	 .9484 ,.9495 .9505 .9515 .9925 .9535 .9545-'L2 .0139 .0138 .013Z .0129 .0125 .D122 .0119 .0116 .0113 .0110 

-z,1 .0179 .0174 .0110 .0100 .0162 .0158 .0154 .0150 .0148 .0143 1.1 .9554 
 .9564 .9513 .9582 	 .9591 .9599 .9609 .8616 .9825 .9633 


-Z.O .0229 .0212 .0217 	 .0212 .0201 .0202 .1)191 .0192 .0188 .0183 1.8 .SlI41 , .9649 .9658 .9664 .9671 .9818 .9868 .9693 .9599 .9706 


-1.9 .0281 .0281 .0274 .0288 .0282 .D256 .0260 .D244 .0239 .0233 	 1.9 .9113 .11719 .9726 .9132 .9738 .9744 .9150 .9158 .9161 .9767 


-1.8 .0359 .0351 .0344 .0336 .8329 .0321 .0314 .0307 .0001 .0294 

.9851 


:LD .9m .9778 .9183 .9188 .9793 .11188 .9003 .9808 .9812, .9811 


-1.1 .0446 .D436 .D421 .D418 .0409 .0481 m92 .0364 .0375 .D367 2.1 .9821 .9626 .9830 .9834 	 .8838 .9842 .9846 .9850 .9854 


.9875 .9878 .98Bl .9884 .9981 .9690
_1.6.D84B .0537 .0526 .0516 .05115 .D496 .0485 .0475 .0485 .0455 ,2.2 .9861 ,9884 .9868 .9611 

9916
-1.!i .1)888 .D055 .0643 .DB3O .an8 .0606 .D584 .0562 .0571 .0559 2.3 .9893 
 .9698 .9898 	 .0901 .99ll4 .9906 .9909 .9911 .9913 .

.9925 .9927 .9929 .9931 .9932 .9934 .9936
-1.4 .1)808 .0793 .0778 .0764 .0749 .0735 .0721 Jl71)8 .0694 .0681 2.4 .9918 .9920 .9922 

.9951 .11952
-1.3 .098Il .D051 .0934 .0918 .0901 .0885 .11869 .0693 .1)838 .0823 2.5 .9938 .9940' 	 .9941 .9943 .9945 .9946 .9948 .9949 


.9956 .9961 .9959 .9900 .9961 .9962 .9983 .9964
2.6 .9953 .9955-12 .1151 .1131 .1112 	 .1093 .1075 .1058 .1036 .1020 .1003 .0985 
2.7 .9965 .9968 .M1 	 .9968 .9999 .991ll .9911 .9972 .9973 .9974
-1.1 .1357 .1335 .1314 .1292 .1271 .1251 .1230. .1210 ,1196 .1110 


-u .1587 .1582 .1539 .1516 .149Z .1469 .1446 .1423 .1401 .1379 2.8 .9914 .9975 .9976 .~17 .9917 .9978 
 .9919 ,9679 .9980 .9961 


.9982 .9963 .9984 .9984 .99115 .9985 .9988 .9988
-lI.9 .1841 .IBl~ .1788 .1762 .1736 .1711 .1605 .1660' .1635 .1611 1 
. 

2.9 .9981 .9982 


-lI.& .2119 .2090 .2061 .2033 :2005 .1977 .1849 .1922 .1894 .1861 3.0 .9987 .9961 .9987 .9988 .9988 .9989 .9989 .9989 .9990 .9990 


3.1 .9990 .9991 .9991 	 .9991 .9992 .9992 .9992 .9992 .9993 .9993-11.7 .2420 .2399 .2358 .2327 .2296 .2260 .2236 ,2206 .2177 .2148. 

-11.1>.2743 .2709 .2676 .2843 .261'1 '. •.25jiJ') .2548 2514 .2483 .2451 3.2 .9993 .9993 .9994 .9994' .9994 .9984 .9994 .9995 .9995 .9995 


.9998 .9998 .9996' .9997
-11.5 '.3085 .3050 .3015 .2981 .2946 "'}II12 .W7 .2843 .2810 .2778 3.3 .9995 .9995 .9895 .9996 ,.9996 .9996 


-11.4 .3446 .3409 .3312 .3336 .33IlO .3284 .3218 .3192' .3156 .3121 3.4 .9997 .9997 .9991 .9997 .~97 
 .9991 .9991 	 .9997 . .9991 .9998 


.9998 .9898 .9996 	 .9998 .9998 .9998 -!l998 .9998 .9999
-11.3 .3821 .3793 .3745 ::rI07 .3BIl9 .3632 .3594 .3551 .3520 34B3 3.5 .9998 

9899
-11.2 .4207 .4168 .4129 .4060 .11052 A013 .3974 .3935 .3897 .3859 3.6 .99,98 .9998 .9999
.9999 ••9999 	 .9999 .9999 .9999 .9999 .

-11.1 .41102 .4682 .4522 .4483 .4443 .4404 .4384 .4325 .4286 .4247 

-11.0 ,5000 .4900 .4020 .4880 .011840 A801 .4761 ,4721 .4681 .4641 


/ 


