
 
QUANTITATIVE TECHNIQUES 
 
SECTION I 
 
QUESTION ONE 

(a) Define the following terms: 
 (i) Stochastic process:      (2 marks) 
 (ii) Transition matrix;      (2 marks) 
 (iii) Recurrent state;       (2 marks) 
 (iv) Steady state.       (2 marks) 
 
(b) UC Limited specializes in selling small electrical appliances.  A considerable 

portion of the company’s sales is on instalment basis.  Although most of the 
company’s customers make their instalment payments on time, a certain 
percentage of their accounts are always overdue and some are never paid at all.  
The company’s experience with overdue accounts has been that if a customer 
falls two or more instalments behind schedule, then this account is generally 
not going to be paid; hence it is the company’s policy of discontinuing credit to 
such customers and to write these accounts off as bad debts.  At the beginning 
of each month, the company reviews each account and classifies them as either 
“paid-up,” “current” (being paid on time), “overdue” (one payment past due) 
or “bad debt.”  To investigate this problem, the analysts at UC Limited have 
constructed the transition matrix representing the various states that each 
shilling in the accounts receivable can take on at the beginning of two 
consecutive months. 

 

Transition Matrix of UC Limited 
 

State of each Sh. at next month 
 

  Paid (P1) Current 
(P2) 

Overdue 
(P3) 

Bad debt 
(P4) 

State of 
each 
Sh. first 
Month 

Paid (P1) 
Current 
(P2) 
Overdue 
(P3) 
Bad debt 
(P4) 

1.00 
0.30 
0.50 
0.00 

0.00 
0.50 
0.30 
0.00 

0.00 
0.20 
0.10 
0.00 

0.00 
0.00 
0.10 
1.00 
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QUANTITATIVE ANALYSIS – BLOCK REVISION MOCK 1



 
 Required: 

(i) Interpret P22 and P23.      (2 marks) 
(ii) “Paid” and “bad debts” states have values of P. Interpret.  (3 

marks) 
(iii) If the original amount of money outstanding was Sh. 100,000, determine 

how much UC Limited expect to be paid back if the records indicate 
that for every Sh. 100 in payments due Sh. 70 are classified as “current” 
and Sh. 30 are classified as “overdue.”     
 (7 marks) 

(Total: 20 marks) 
 
 Note:   1.00 0 0 0 
   Pn =  0.95 0 0 0.05 
    0.87 0 0 0.13 
    0 0 0 1.00 
 
QUESTION TWO 

(a) What is a Lorenz curve?  Explain any two areas Lorenz curve can be used.
 (6 marks) 

(b) What is an index number?  Explain two areas where index numbers are applied. 
(6 marks) 

(c) The values of the Consumer Price Index (CPI) for 1995 through 1999 are 
reported below: 

 

Year Consumer Price 
Index 

1995 130.7 

1996 136.2 

1997 140.3 

1998 144.5 

1999 148.2 

 
 Required: 
 Determine the purchasing power of the shilling for each of these years in terms 

of the value of the shilling in the 1987-89 base period.   
 (5 marks) 

 
(d) In Mombasa town in Kenya the average weekly wages for a certain group of 

wage earners was Sh. 3,022.50.  In 1998 the average weekly pay for the same 
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group of wage earners showed an earning of Sh. 4,836.00.  In 1998 the 
consumer price index using 1990 as a base was 165. 

 
 Required: 
 Determine whether the wage earners were better off or worse off in 1998 than 

in 1990. 
          (3 marks) 
         (Total: 20 marks) 
 
QUESTION THREE 

(a) Explain what break-even analysis as used in Quantitative Techniques is (3 
marks) 

 
(b) Puda Development Company (PDC) is a small real estate developer operating 

in the Eastland’s Valley.  It has seven permanent employees whose monthly 
salaries are given below: 
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Employee Monthly salary 
(Sh) 

Managing Director 100,000 

Manager, Development 60,000 

Manager, Marketing 45,000 

Project Manager 55,000 

Finance Manager 40,000 

Office Manager 30,000 

Receptionist 20,000 

 
 PDC leases a building for Sh. 20,000 per month.  The cost of suppliers, utilities 

and leased equipment runs for another Sh. 30,000 per month.  PDC builds only 
one style house in the valley.  Land for each house costs. Sh. 550,000 and 
lumber, supplies and others run for another Sh. 280,000 per house.  Total 
labour costs amount to Sh. 200,000 per house.  The one sales representative of 
PDC is paid a commission of Sh. 20,000 on the sale of each house.  The selling 
price of the house is Sh. 1,150,000. 

 
 Required: 

(i) Identify all the costs and denote the marginal revenue and marginal cost 
for each house.       (4 marks) 

(ii) Determine the monthly cost function; C(x), revenue function; R(x) and 
the profit function; P(x)      (4 marks) 

(iii) Determine the break-even point for monthly sales of the houses. (3 
marks) 

(iv) Determine the monthly profit of 12 houses per month are build and 
sold.  

(2 marks) 
 
(c) What are some of the simplifying assumptions in part (b) above?  (4 
marks) 
         (Total: 20 marks) 
 
QUESTION FOUR 

(a) The sales people at Gold Key Realty sell up to 9 houses per month.  The 
probability distribution of a salesperson selling x houses in a month is as 
follows: 

 
Sales (x)  0 1 2 3 4 5 6 7 8 9 
Probability f (x) 0.05 0.10 0.15 0.20 0.15 0.10 0.10 0.05 0.05 0.05 
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 Required: 
 Any sales person selling more houses than the amount equal to the mean plus 

two standard deviations receives a bonus.  Determine the number of houses 
per month that a sales person should sell to receive a bonus.   
 (8 marks) 

 Note:  The variance = 5.49. 
 
(b) Prior to an advertising campaign, 35% of a sample of 400 housewives used a 

certain detergent.  After the campaign, 40% of the second sample of 400 
housewives used the same product. 

 
 Required: 
 Was there any significance increase in sales after the campaign?  (7 

marks) 
 
(c) The Western National Bank is reviewing its service charges and interest-paying 

policies on current accounts.  The average daily balance on personal current 
accounts is Sh. 5,500, with a standard deviation of Sh. 150.  In addition the 
average daily balances are normally distributed. 

 
 Required: 
 The bank is considering paying interest to customers carrying average daily 

balances in excess of a certain amount.  If the bank does not want to pay 
interest to more than 5% of its customers.  Determine the minimum daily 
balance it should be willing to pay interest on.      
  (5 marks) 

         (Total: 20 marks) 
 
QUESTION FIVE 

(a) Explain the difference between mean squared error and mean absolute  
deviation as measures of forecast accuracy.     
 (3 marks) 

(b) Briefly but clearly explain the method of least squares.   (3 
marks 

 
(c) The number of auditing jobs performed by KK’s auditing firm in each of the 

last nine months are listed below: 
 

Month Jobs 
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September 353 
October 387 
November 342 
December 374 
January 396 
February 409 
March 399 
April 412 
May 408 

 
 Required: 
 KK firm feel that if June auditing jobs are more than 410, they should hire an 

extra auditor.  Should they if you: 
(i) Assume a linear trend function.     (8 marks) 
(ii) Assume a three-month period weighted moving average with weights of 

0.60, 0.30 and 0.10:       (4 marks) 
(iii) How does your forecast in (i) and (ii) compare?   (2 

marks) 
 

Note: 

 b1 = 
22 )( ttn

YttYn tt




 

 b0 = mean (Y) – b1 (mean (t) 
 
SECTION II 
 

QUESTION SIX 

Regal investments has just received instructions from a client to invest in three stocks; 
airline, insurance and information technology.  The client has Sh. 10,000 available for 
investment.  She has instructed that her money be invested in the three stocks so that 
no more that Sh. 5,000 is invested in any one stock but at least Sh. 1,000 is invested in 
each stock.  She further instructed Regal investments to use its current data and invest 
in a matter that maximizes her expected overall gain during a one-year period.  The 
stocks, the current price per share, and the project stock price, a year from now are 
summarized as follows: 

 
 Current Project Price 

(Sh) 
Stock Price (Sh) 1 Year Hence 
Airline 25 35 
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Insurance 
Information Technology (IT) 

50 
100 

60 
125 

 
This problem was solved by the Management Scientist software giving the 
following output: 

 
  Coefficient 

sensitivity 
Variable Variable value 

(Sh) 
(Reduced cost) 

Airline stock 
Insurance stock 
IT stock 

200.00 
20.00 
40.00 

- 
- 
- 

  
Constraint Slack/Surplus Shadow Price (Sh) 
Amount available 
Maximum-airline stock 
Maximum-insurance stock 
Maximum-IT stock 
Minimum-airline stock 
Minimum-insurance stock 
Minimum-IT stock 

- 
- 
- 
- 
- 
- 
- 

0.25 
0.15 
0.00 
0.00 
0.00 
0.05 
0.00 

 
Objective Coefficient Ranges 
Variable Lower Limit Current 

value 
Upper limit 

Airline Stock 
Insurance Stock 
IT stock 

6.25 
No limit 
20.00 

- 
- 
- 

No limit 
12.50 
40.00 

 
Right Hand Side Ranges 
 

Constraint Lower limit Current 
value 

Upper limit 

Amounts available 
Maximum-airline stock 
Maximum-insurance 
stock 
Maximum – IT stock 
Minimum – airline stock 
Minimum – Insurance 

7,000 
4,000 
1,000 
4,000 
No limit 
0 
No limit 

- 
- 
- 
- 
- 
- 
- 

11,000 
8,000 
No limit 
No limit 
5,000 
4,000 
4,000 
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stock 
Minimum – IT stock 

 
Required: 
(a) Formulate the above problem.     (6½ marks) 
(b) Determine the values for the columns with blanks, that is, coefficient 

sensitivity, slack/surplus, objective coefficient ranges current value and 
right hand side ranges current value columns.  For slack/surplus column 
indicate whether it is a slack or a surplus.      
(10 marks) 

(c) What is the optimal solution including the optimal value of the objective 
function? 

         (1½ marks) 
(d) If the client had an additional Sh. 1,000 available for investing, how 

much would the expected over-all one-year gain increase?  (1½ 
marks) 

(e) If the client increased the allowed maximum investment amount to Sh. 
6,000 for just one stock, should it be IT stock?  Why?  
 (½ marks) 

(f) Based on your stock choice in (e) above, how much would the objective 
function increase?      (½ mark) 

(g) For your choice in (e) above, how much could be allowed maximum 
investment amount he raised before the optimal investment mix might 
change?        (½ mark) 

        (Total: 20 marks) 
 
QUESTION SEVEN 

(a) Define probability as used in Quantitative Techniques.   (3 
marks) 
(b) What is Bayes Theorem?  Explain how Bayes Theorem can be utilized 
practically.  

(5 marks) 
(c) KK accounting firm has noticed that of the companies it audits, 85% show no 

inventory shortages, 10% show small inventory shortages and 5% show large 
inventory shortages.  KK firm has devised a new accounting test for which it 
believes the following probabilities hold: 

 
  P(company will past test/no shortage) = 0.90 
  P(company will pass test/small shortage) = 0.50 
  P(company will pass test/large shortage) = 0.20 
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 Required: 

(i) Determine the probability if a company being audited fails this test has 
large or  

 small inventory shortage.      (7 marks) 
(ii) If a company being audited passes this test, what is the probability of no 

inventory shortage?      (5 marks) 
        (Total: 20 marks) 

 
QUESTION EIGHT 

(a) Explain the following terms as used in network analysis: 
 (i) Backward pass;       (2 marks) 
 (ii) Crashing;       (2 marks) 
 (iii) Slack;        (2 marks) 
 (iv) Earliest start times;      (2 marks) 
 (v) Critical-path activities;      (2 marks) 
 
(b) XYZ Construction Company is building a 250-unit apartment complex in 

Embakasi, Kenya.  The project consists of hundreds of activities involving 
excavating, framing, wiring, plastering, painting, landscaping and more.  Some 
of the activities must be done sequentially and others can be done 
simultaneously.  Also, some of the activities can be completed faster than 
normal by acquiring additional resources. 

 
Required: 
(i) How would Quantitative Techniques be used to solve this problem? (2 

marks) 
(ii) What would be the uncontrollable inputs?     (2 

marks) 
(iii) What would be the decision variables of the model?  The objective function?  

The constraints?        (3 marks) 
(iv) Is the model deterministic or stochastic?     (1 

mark) 
(v) Suggest assumptions that could be made so simplify the model.  (2 

marks) 
         (Total: 20 marks) 
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QUESTION ONE 

(a) (i) Stochastic Process 
A stochastic process arises whenever we have a series of events in which 
each event is determined by chance.  It is also known as probabilistic 
process.  The development of a stochastic process, is governed by the 
laws of probability i.e. the development of such process is not certain. 

 
 (ii) Transition matrix 

This is a matrix containing probabilities of a process moving from a 
certain condition (or state) in the current stage (time period) to one of 
the possible states in the next stage.  The general structure of a transition 
matrix is: 
 
     To 
    State at end of next period 
 
    S1 S2… Sj… Sn 
 From   P11 P12… P1j… P1n = P 
State in the current period Pi1 Pi2… Pij… Pin 
    Pn1 Pn2… Pnj… Pnn 
 

   
The elements in the matrix are transitional probabilities i.e. the 
probability of being in state j in the next period, given it is now in state I, 
denoted as Pij.  The row sums in such a matrix always equals 1 because 
in moving from time t to t+1, the process must be in anyone of the 
states. 
 

The transition matrix can be abbreviated as; 


n

j

ijP
1

=  1 

 (iii) Recurrent state 
A recurrent state is a state in which the probability is one that it will be 
re-entered at some time in future but not necessarily in the next 
immediate time. 

 
 (iv) Steady state 

This refers to a major property of Markov chains that in the long run, 
the process usually stabilizes.  A stabilized system is said to approach 
steady state or equilibrium where the systems state probabilities have 
become independent of time.  Thus a steady state is a time reached by 

SUGGESTED ANSWERS

Download more at www.ebookskenya.co.ke



the process where the probabilities no longer change with time, i.e. the 
process is in equilibrium. 

 
(b) (i) Interpretation of P22 and P23. 

P22 = 0.50 means that the probability that a shilling remains in the 
“Current state” class is 0.50. 
 
P23 = 0.20 means that the probability that the shilling will become 
overdue is 0.20. 

 
(ii) Interpretation of “Paid” and “bad debts” states:  These states have 

values of 1.  This can be interpreted to mean that they are absorbing 
states i.e. once a shilling is classified in these, they will never leave the 
state.  An absorbing state is a state that, once entered, cannot be left. 

 
(iii) Let the vector indicating the behavior of the proportion of a 100,000 

outstanding be equal to = (0 70 30 0). 
 
 The amount UC Limited expects to be paid back is obtained by 

multiplying this vector with the transition probability matrix as below. 
 
 
     1.00 0 0 0 

= (0 70 30 0) 0.95 0 0 0.05 
     0.87 0 0 0.13 
     0 0 0 1.00 
 

= (92.60 0 0 7.40) 
This can be interpreted as meaning that for every Sh. 100, Sh. 92.60 will 
eventually become paid and Sh. 7.40 will eventually become a bad debt.  
Thus if the outstanding balance is Sh. 100,000 then; Sh. 92,600 will be 
paid while Sh. 7,400 will be a bad debt. 

 
QUESTION TWO 

(a) A Lorenz carve is a descriptive technique that is used to show how equitably or 
inequitably incomes are distributed.  It is constructed by plotting cumulative 
percentage of one variable against cumulative percentage total of the same 
variable.  It can be used to show inequalities; 

 In distribution of incomes among a population, 

 In distribution of turnover (sales) among companies. 
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(b) An index number is a measure of changes in a variable or a group of variables 

with respect to time, incomes, production or other characteristics.  It can be 
used to compare the cost of living in the county over time or to compare the 
output of an agricultural product or mineral during a given period with its 
production in a previous period. 

 
(c) The purchasing power or value of the shilling can be obtained using the 

expression: 

 Value of shilling  
1

100
X

CPI

1
 

 Thus we can calculate the value of the shilling in the various years as follows: 

 1996  
1

100
x

136.2

1
 = Sh. 0.73 

 

 1997  
1

100
x

140.3

1
 = Sh. 0.71 

 

 1998  
1

100
x

144.3

1
 = Sh. 0.69 

 1999  
1

100
x

148.20

1
 = Sh. 0.67 

 
 Note: The question can only be solved if we assume that the base period is 

1995 and not 1987 – as indicated by the examiner.  From the above workings, 
it can be seen that the shilling was worth 0.70 in terms of the 1995 shilling on 
the average. 

 
(d) To determine whether the wage earners were better off or worse off in 1998 

than, 1990 we must compute the real weekly wage in 1998. 

 Real weekly wage in 1998 = 100
165

4,836x100
 

 
     = 2,930.90 
 
 Evidently despite an increase of 60% in weekly wage, the wage earners were 

worse off in 1998 that in 1990.  Since their wages can only but goods worth 
2,930.90 in 1990 terms. 

 
QUESTION THREE 
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(a) BE Analysis enables us to analyze the relationship between cost, volume and 
profits.  It provides us with a model for determining the level of output 
(volume) at which profit will be Zero (i.e. when TR = TC).  The B.E. model 
can also be used to help us to determine what would happen to profit if there 
were changes in costs (e.g. V.C or FC), volumes or even selling prices. 

 
(b) (i) Salaries (Sh „000): 
  100 + 60 + 45 + 55 + 40 + 30 + 20 
  = 350 
 
  Office lease and supply costs 
  = 20 + 30 
  = 50 
 
  Fixed cost 
  = 350,000 + 50,000 
  = 400,000 
 

 Land, Material, labour and sales commission per house is the variable 
or marginal cost for the house.  It is given as: 
= 550,000 + 280,000 + 200,000 + 20,000 
= 1,070,000 
 

 The selling price of Sh. 1,150,000 is the marginal revenue per house. 
 

(ii) Total cost function; 
 TC = VC + FC 
  = 1,070,000 + 400,000 = 1,470,000 
 
 TR = 1,150,000 (x) 
  = 1,150,000x 
 
 Profit  =  TR – TC 
  = 1,150,000x – 1,070,000x – 400,000 
  = 80,000x – 400,000 

 
(iii) BER in number of houses; 

  At BEP TR = TC … substituting 
    1,150,000x = 1,070,000x + 400,000 
    80,000x = 400,000 
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    x = 5 houses 
 
 (iv) The profit if 12 houses are built and sold is computed as equal to 
  = (80,000 x 12) – 400,000 
  = Sh. 560,000. 
 
(c) Simplifying assumptions in BE Analysis 
 (i) There is a linear relationship between costs, revenues and volumes. 

(ii) The variable cost and marginal revenue per unit remains constant over 
the relevant range. 

(i) The fixed costs remain the same over the relevant range of output. 
(ii) There‟s no uncertainty in the process of developing houses by Puda 

Development Company.  Thus it is a determination model.  
 
QUESTION FOUR 

(a) (i) Mean: This is computed as being: 
  =  xfx  

  = (0 x 0.05) + (1 x 0.10) + (2 x 0.15) + (3 x 0.20) + (4 x 0.15) + (5 x 
0.10) +  

(6 x 0.10) + (7 x 0.05) + (8 x 0.05) + (9 x 0.05). 
3.9 houses. 

 
(ii) To get the number of houses, a sales persons must sell to be two 

standard deviation from the mean, we must first compute the standard 
deviation as below: 
 

S.D = Variance  

 

 = 5.49  

 
 = 2.34 houses. 
 
Hence, the sales person must sell: 
 
   Mean ± 2 σ  
   3.9 ± 2(2.34) 
   8.58 or 9 houses. 

 
(b) We can determine whether there was a significant increase in sales by testing 

the hypothesis below: 
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 Null hypothesis: 
 Sales have not increased 
 
 Alternative hypothesis: 
 Sales have increased. 
 
 The critical values at 1% and 5% level of significance are 2.33 and 1.645 

respectively from the tables. 
 
 The standard errors of the two sample proportions are; 

 S1 = 
400

0.35x0.65
 

 S2 = 
400

0.4x0.6
 

 Hence the standard error of the difference is given as; 

 S.E difference = 
480

0.4x0.6

400

0.35x0.65
  

   = 0.034 
 The difference between the second sample proportion and the first sample 

proportion is 0.05 (i.e. 0.40 – 0.35).  This gives us 1.47 standard errors (i.e. 

0.034

0.05
= 1.47). 

 From the tables: 
 At 1% level of significance the table value is 2.33.  At 5% level of significance, 

the table value is 1.645.  These are less than the critical values at either 1% or 
5% and so we fail to reject H0 (The Null hypothesis) and conclude that the 
campaign has increased sales. 

 
(c) The minimum daily balance the bank will be willing to pay interest is computed 

as follows: 
 
 Notice that at a Z value of 1.645, we have an area of 0.05 in the upper tail. 

 Thus 1.65 = 
1,500

5,500x 
 

   X = 5,500 + 1.645 x 1,500 
   X = 5,500 + 2,467.50 
    = 7,967.50 
 

Download more at www.ebookskenya.co.ke



 The bank should not pay interest on any amount less than approximately Sh. 
8,000. 

 
QUESTION FIVE 

(a) Mean squared error and mean absolute deviation. 
 The mean squared error, like the absolute deviation attempts to measure the 

accuracy of forecasts.  The mean squared error is computed by averaging the 
squared errors while the mean absolute deviation is obtained by taking the 
mean of the absolute error values. 

 
(b) Method of least squares 
 This is a method used to determine the unique trend line forecast which 

minimizes the mean squared error between the trend line forecasts and the 
actual observed values of linear time series data. 

 
(c) (i) To determine whether they ought to hire an extra auditor, we must 

extrapolate  
and then find the number of jobs.  First the auditing jobs in the last nine 
months are used to find the trend line as follows: 
Recall the trend line is given as being Tt = Bo + blt 

 
The table below allows us to obtain values required in ascertaining Bo 
and b1. 
 
Month (t)  Yt tYt t2 
March 
April 
May 
June 
July 
August 
September 
October 
November 
Total 

1 
2 
3 
4 
5 
6 
7 
8 
9 
45 

353 
387 
342 
374 
396 
409 
399 
412 
408 
3,480 

353 
774 
1,026 
1,496 
1,980 
2,454 
2,793 
3,296 
3,672 
17,844 

1 
4 
9 
16 
25 
36 
49 
64 
81 
285 

 
From the table, we can compute the desired values as follows: 
 

9

45
t   
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= 5 
 

9

3,480
y   

= 386.667 
 
Hence, using the reduced form of the normal equation: 

  b1= 
2

(45)2859

3,4804517,8449




 and 

  b0 = 386.667 – 7.4 × 5 
       = 349.667. 
 
Therefore, our trend line becomes: 
Tt = 349.667 + 7.4t 
Hence, June forecast is as follows: 
Tt = 10 = 349.667 + (7.4 × 10) 
 = 423.667 i.e. 424 jobs 
Clearly, there would be a need to have an extra auditor. 

 
(ii) Using a 3 month moving average, the June forecast will be the weighted 

average of the preceding three months viz.  March, April and May. 
Thus; F10 = 0.1Y + 0.3Y + 0.6 
  = (0.1 × 399) + (0.3 × 412) + (0.6 × 408) 
   408.3 Jobs or 409 Jobs. 
Thus if we use a 3 period moving average KK firm should not hire 
another auditor. 
 

(iii) The forecast from the 3 period moving average seems to be out of trend 
since its suggesting that no extra auditor is to be hired yet the trend 
shows the jobs would warrant this.  Thus while the 3 period moving 
average produced a forecast that is lagging behind the changing data, the 
least squares method produced a forecast that is more in tune with the 
positive trend that exits. 

 
SECTION II 
 
QUESTION SIX 

(a) The formulation of the problem below shows the objective function, decision 
variables, structural and no-negativity constraints. 
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 Let the decision variables be: 
 X1 = number of shares of airline to purchase. 
 X2 = number of shares of insurance to purchase. 
 X3 = number of shares of Information Technology to purchase. 
 
 Then the objective function can be stated thus: 
 Maximize Z = (35 – 25) x1 + (60 – 50) x2 + (125 – 100) x3 
 = 10x1 + 10x2 + 25x3 

 
 Subject to: 
 Structural constraints: 
 
 25x1 + 50x2 + 100x3  ≤ 10,000 Amount Available 
 25x1    ≤ 5,000 max. Airline stock 
  50x2   ≤ 5,000 max. Insurance stock 
   100x3  ≤ 5,000 max. Information Technology stocks 
 25x1    ≥ 1,000 min. Airline stock 
  50x2   ≥ 1,000 min. Airline stock 
   100x2  ≥ 1,000 min. Information Technology stock 
 
 Non negatively constraints: 
 x1, x2, x3 ≥ 0 
 
(b) (i) The reduced cost or coefficient sensitivity values are all zeros because 

the 
decision variables under variable values are all positive. 

 
(ii) The slack/surplus variables are computed (if we let the slack/surplus 

variables to be denoted as S1, S2… Sn,) as follows: 
 

For amount available for investment; 
  (25 x 200) + (50 x 20) + (100 x 40) + S1 = 10,000. 
  If we make S1 the subject, we get; 
  S1 = 10,000 – 10,000 
  S1 = 0.  This is a slack variable 

 
  For maximum airline stock. 
    (25 x 200) + S2 = 5,000…. Making S2 the subject. 
                 S2 = 5,000 – 5,000 
                 S2 = 0; This is a slack valuable. 
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  For maximum Insurance stock. 
  (50 x 20) + S3 = 5,000 …….. making S3 the subject. 
     S3 = 5,000 – 1,000 
     S3 = 4,000: This is a slack variable. 
 
  For maximum Information Technology stock 
   (100 x 40) + S4 = 5,000 
           S4 = 5,000 – 4,000 
           S4 = 1,000 thus this is a slack variable. 
 
  For minimum Airline stock 
    (25 x 200) – S5 = 1,000…….making S5 the subject 
     - S5 = 1,000 – 5,000 
    S5 = 4,000. This is a surplus variable 
 
  For minimum insurance stock 
    (50 x 20) = S6 = 1,000 
     S6 = 1,000 – 1,000 
     S6 = 0.  This is a surplus variable. 
 
  Minimum Information Technology stock 
    (100 x 40) – S7 = 1,000 
    S7 = 1,000 – 4,000 
    S7 = - 3,000.  This is a surplus variable. 
 

(iii) Coefficient ranges‟ current values from the formula above are: 
For airline stock    Sh. 10 
For insurance stock   Sh. 10 
For Information Technology stock Sh. 25 
 

(iv) Current Right hand side range values are from the LP formulation above 
(see the structural constraints). 
Amount available    Sh. 10,000 
Maximum airline stock    Sh. 5,000 
Maximum insurance stock   Sh. 5,000 
Maximum Information Technology stock  Sh. 5,000 
Minimum airline stock    Sh. 1,000 
Minimum insurance stock   Sh. 1,000 
Minimum Information Technology stock  Sh. 1,000 

 
(c) The optimal solution from the software is given as being: 
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 Airline stock    200 
 Insurance stock    20 
 Information Technology stock  40 
 
 Substituting these in the objective function, we get: 
 
 Z = (10 x 200) + (10 x 20) + (25 x 40) 
  = 3,200. 
 
(b) Because the shadow price of the investment amount is Sh. 0.25 then if Sh. 1,000 

more is availed the expected overall one – year gain would be: 
= (0.25 x 1,000) 
= Sh. 250. 
 

(c) If the client increased the investment amount to Sh. 6,000 for just one stock, it 
should not be the Information Technology stocks but the airline stocks since these 
are the only stocks with a positive and non-zero shadow price. 

 
(d) Given that the investment amount is spent in airline stock with a shadow price of 

Sh. 15, the objective function would increase by an amount equal to: 
= 0.15 x 1,000 
= Sh. 150 

 
(e) The allowed maximum investment before the optimal investment mix might 

change is obtainable from the right hand side ranges as being Sh. 8,000. 
 
QUESTION SEVEN 

(a) Probability refers to the likelihood of an event occurring.  In quantitative 
techniques, the probability of an event occurring is denoted by values ranging 
between 0 and 1.  In Quantitative Techniques, probability allows us to quantify 
uncertainty and hence be able to analyse uncertain events.  Thus probability 
assists in studying the future, which is always uncertain.  Probability models can 
assist in modeling the future and analyzing alternative courses of action. 

 
 Bayers theorem is a rule which allows us to deduce the probability that a prior 

event had occurred given only the occurrence of a subsequent event.  In 
management science application, Bayers theorem is used to revise the 
probabilities of the states of nature.  This helps us to decide whether to acquire 
additional information needed to revise prior probability.  To use Bayers rule or 
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theorem, we must first compute prior probabilities.  These are simply the 
probabilities of occurrence of a certain event from historical perspective.  Then 
we obtain sample information from a sample survey of say, success of a 
product. 

 
 If we combine the prior probabilities and sample information we obtain revised 

or posterior probabilities with the use of Bayers rule: 
 

 P(B/A) = 
))P(B'P(A/B'P(A/B)P(B)

P(A/B)P(B)


 

 
(C) (i) If we let: 
  Set A1 designate no inventory shortage 
  Set A2 designate small inventory 
  Set A3 designate large inventory 
  And event P be the event company passes test.  Event F be the 
  event company fails test. 
 

Then the probability that if a company having audited fails the test has 
large or small inventory shortage is computed in the table below. 

 
Event Prior 

probabilities 
P(Ai) 

Conditional 
Probabilities 
X       P(F/Ai) = 

Joint 
Probabilities 
P(AiF) 

Posterior 
Probabilities 
P(Ai/F) 

A1 
A2 
A3 

0.85 
0.10 
0.05 

0.10(1-0.90) 
0.50(1-0.50) 
0.80(1-0.20) 
              P(F) 

0.085 
(0.50) 
0.040 
0.175 

0.486 
0.286 
0.229 

 
  Recall P(F/Ai)  = 1 – P(F/Ai) 
    P(F/Ai)  = 1 – P(P/Ai) 
    = 1 – 0.90 
    = 0.10. 
  And probability a large or small shortage is = 0.286 + 0.229 
       = 0.515 
  We can also use decision trees to compute the desired probability as 

follows: 
 
        Joint probability 
 

Download more at www.ebookskenya.co.ke



        0.85 x 0.9 = 0.765 

       
 
      0.1 
    A    0.85 x 0.1 = 0.085 

        0.1 x 0.5 = 0.050 
   0.1  
    B 

            
 
    C  0.2  0.1 x 0.5 = 0.050 
        0.05 x 0.2 = 0.01 

       
 
 
        0.05 x 0.8 = 0.040 
 
 
  P(F) = 0.085 + 0.050 + 0.040 
  = 0.175 
 
  and probability of (A2 or A3) = P(A2) + P(A3) 

  = 
0.175

0.040

0.175

0.050
  

  = 0.515 Ans. 
 

(ii) The probability that company passes the test having no inventory 
shortage is computed in the schedule below: 

 
Event Prior 

Probability 
P(Ai) 

X Conditional 
Probability  
P(P/Ai) 

Joint 
Probabilities 
P(AiF) 

Postener 
Probabilities 
P(Ai/P) 

A1 
A2 
A3 

0.85 
0.10 
0.05 

 0.90 
0.50 
0.20 
P(P) 

0.765 
0.050 
0.010 
0.825 

0.927 
0.061 
0.012 

 
From the table, probability of passing the test and no shortages is 0.927 or 
92.7%. 
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QUESTION EIGHT 

(a) (i) Backward Pass 
This is a network procedure for finding the latest start and finish times 
in a network.  It entails moving backward through the network starting 
at the last event and writing below each event the latest date the event 
can occur and still enable the project to be completed on time. 

 
(ii) Crashing 

This is a network procedure used to reduce an activity time by adding 
resources.  Thus it means there would be a cost increase of the crash the 
project. 
 

(iii) Slack 
This refers to the length of time an activity can be delayed without 
affecting the project completion time. 
 

(iv) Earliest start time 
This is the earliest time that an activity can begin. 
 

(v) Critical path activities 
These are the activities which cannot be delayed without delaying the 
whole project thus they are “critical” to its completion.  They have a 
zero float and together are the activities on the longest path in a 
network. 

 
(b) (i) Quantitative Techniques are useful in solving networking projects since 
they 

provide a structured quantitative approach for determining the minimum 
project completion time based on the activities normal and reduced or 
expedited times. 

 
(ii) The uncontrollable variables in such a model are: 

 Normal and crashed activity completion time. 

 Activity crashing costs 

 Funds available for crashing. 

 Precedence relationships of project activities. 
 

(iii) Decision variables of the model include: 

 Activities to crash 
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 By how much to crash them 

 The time to start each activity. 
 
The objective function is: 

 To minimize project completion time. 
 
The constraints are: 

 Activity precedence relationship. 

 Future funds for crashing. 
 

(iv) The model is stochastic since the normal and crash activity times are 
subject to variation i.e. are uncertain.  Also the number of activities and 
their precedence relationships may change before the project is 
completed.  Similarly, the activity crash costs are also uncertain. 

 
(v) To simplify the model, we can assume that:-  

 Normal and crash activity time are known and constraint. 

 Activity crash costs are known and constant. 

 Funds available for crashing are known. 

 Precedence relationships are known and constant. 
 

This is to simplify the model, we may assume certainty about the 
uncontrollable inputs. 
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