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CHAPTER 16
SIMULATION
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16.1 INTRODUCTION 
Simulation is a mathematical technique which is used to predict the expected outcome when several outcomes are possible. Simulation is a technique of estimating the possible future outcomes or outcomes of various possible happenings. Simulation is also called experimentation in the management laboratory. Under this technique, we develop a model (also known as mathematical programme) and then use it to estimate the possible outcomes. Simulation is defined as the process of problem solving based upon experimentation performed on a model of real world situation.

Let’s understand the concept with the help of a very simple example. Last year the sales of a company amounted to  Rs.100m. Variable cost was 60% of sales. Fixed cost Rs.5m. For coming years the various independent possibilities are :
	Change in Sales 
	Change in VC
	Change in FC

	Increase by 10% p.a.         (A)
	Increase by 5% p.a.       (D)
	Increase by 5% p., a.    (G)

	Increase by 20% p.a.         (B)
	Decrease by 1% p.a.      (E)
	Increase by 2% pa.        (H)

	Decrease by 10% pa.        (C)
	Decrease by 2 % p.a.     (F)
	Increase by 1% P.a.        (I)



We have to estimate the profit  for the 3rd  year.
Various possibilities are:
	ADG
	ADH
	ADI
	AEG
	AEH
	AEI
	AFG
	AFH
	AFI

	BDG
	BDH
	BDI
	BEG
	BEH
	BEI
	BFG
	BFH
	BFI

	CDG
	CDH
	CDI
	CEG
	CEH
	CEI
	CFG
	CFH
	CFI


We shall find the profit of 3rd year under each of the possibilities given above using the following model: Profit  =  Sales – V C – F C
	Possibilities ↓
	Profit ↓

	ADG
	100M(1.10)3  -  0.60m(1.10)3.(1.05)3 – 5m(1.05)3  = -------

	ADH
	100M(1.10)3  -  0.60m(1.10)3.(1.05)3 – 5m(1.02)3  = -------

	And so on.



The estimated profit for 3rd year will be the average of these 27 possible profits.  In this example, only three variables and 27 simulation runs are there.  In real life problems, there may b e hundreds of variables and thousands of simulation runs.  As simulation requires a lot of calculations, computers are being  used for applying this technique.


16.2 MONTE CARLO SIMULATION 
Monte Carlo Simulation (MCS) is a technique of predicting the future events or estimating the expected values objectively through a series of random numbers based trials. When we do not know with certainty what the actual value will be, we base our decisions on the most likely unbiased estimates. MCS is applied to find such estimates. The method involves using random numbers and probability to estimate the expected values or to predict the future events. (A set of numbers is said to be random number when the probability of its selection is equal to the probability of selection of any other number i.e. the set of number is said to be random when the probability of selection of all members is equal). MCS is widely applied for business decisions making. 

16.2-1 STEPS IN MONTE CARLO SIMULATION  
	 (i) Identify the problem which is to be stimulated

	 (ii) Identify various possible outcomes.

	(iii) Estimate the probabilities of these outcomes; find cumulative probabilities and convert these cumulative probabilities into ranges for cumulative probabilities.  

	(iv) Adjust the ranges for random numbers. For this purpose, if the random numbers are of one digit, the upper limits of the ranges are reduced by 0.10. In case of two digit random numbers, these are reduced by 0.01 and so on.

	(v) Using random numbers find the expected values.

	(vi) Applying appropriate statistical techniques (Like average), find the most likely expected values.



Example:
Suppose we have to find the expected return on capital employed on a proposed scheme. We take the following steps:
(i) Identify the factors affecting the return on investment. For example, these factors are investment, demand and profit per unit.
(ii) Determine the probability distribution of above identified factors.  
(iii) Estimate demand, profit per unit and investment using respective random numbers for each of these factors. Repeat this trial for a very large number of times. Hertz suggested use of computer for this purpose so that the number of trials is very large.     
(iv) The average of returns obtained in the preceding step is the likely ROCE. 

Q. No. 16.1: Frontier Bakery keeps stock of a particular brand of cake. Daily demand based on past experience is as given below:
	Experience indicates:

	Daily demand              
	0
	15
	25
	35
	45
	50

	Probability 
	0.01
	0.15
	0.20
	0.50
	0.12
	0.02



Consider the sequence of random number:
	48
	78
	09
	51
	56
	77
	15
	14
	68
	09



Using the sequence, simulate the demand for the next 10 days.    (CA Final Nov. 1999)

Answer                          
	Daily demand 
	Probability 
	Cum. Probability 
	Cumulative probability range 
	Range for simulation 

	0
	0.01
	0.01
	0-0.01
	0-0

	15
	0.15
	0.16
	0.01-0.16
	0.01-0.15

	25
	0.20
	0.36
	0.16-0.36
	0.16-0.35

	35
	0.50
	0.86
	0.36-0.86
	0.36-0.85

	45
	0.12
	0.98
	0.86-0.98
	0.86-0.97

	50
	0.02
	1.00
	0.98-1.00
	0.98-0.99



Simulation of demand for next 10 days
	Days 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Demand 
	35
	35
	15
	35
	35
	35
	15
	15
	35
	15



Q. No. 16.2: A company manufactures around 200 mopeds. Depending upon the availability of raw materials and other conditions, the daily production has been varying from 196 mopeds to 204 mopeds, whose probability distribution is as given below:
	Production / day          
	196
	197
	198
	199
	200
	201
	202
	203
	204

	Probability
	0.05
	0.09
	0.12
	0.14
	0.20
	0.15
	0.11
	0.08
	0.06


            
The finished mopeds are transported in a specially designed three storey lorry that can accommodate only 200 mopeds. Using the following 15 random numbers 82, 89, 78, 24, 53, 61, 18, 45, 04, 23, 50, 77 ,27 ,54, 10, simulate the process to find out : what will be average number of mopeds waiting in the factory?  (CA Final May,1999)

Answer
	Production per day
	Probability
	Cum. Probability
	Cumulative probability range
	Random no. adjusted cum. probability range

	196
	0.05
	0.05
	0-0.05
	0 - 0.04

	197
	0.09
	0.14
	0.05-0.14
	0.05-0.13

	198
	0.12
	0.26
	0.14-0.26
	0.14-0.25

	199
	0.14
	0.40
	0.26-0.40
	0.26-0.39

	200
	0.20
	0.60
	0.40-0.60
	0.40-0.59

	201
	0.15
	0.75
	0.60-0.75
	0.60-0.74

	202
	0.11
	0.86
	0.75-0.86
	0.75-0.85

	203
	0.08
	0.94
	0.86-0.94
	0.86-0.93

	204
	0.06
	1.00
	0.94-1.00
	0.94- 0.99



	Day 
	Production 
	Dispatch 
	Stock 
	Day 
	Production 
	Dispatch 
	Stock 

	1
	202
	200
	2
	9
	196
	200
	0

	2
	203
	200
	5
	10
	198
	198
	0

	3
	202
	200
	7
	11
	200
	200
	0

	4
	198
	200
	5
	12
	202
	200
	2

	5
	200
	200
	5
	13
	199
	200
	1

	6
	201
	200
	6
	14
	200
	200
	1

	7
	198
	200
	4
	15
	197
	198
	0

	8
	200
	200
	4
	Total
	42


   
Average No. of moped waiting for transportation: 42/15 = 2.80

Q. No. 16.3: A Publishing house has bought out a new monthly magazine, which sells at Rs. 37.5 per copy. The cost of procuring it is Rs.30 per copy. A Newsstand estimates the sales pattern of the magazine as follows:
	Demand Copies
	0 < 300
	300 < 600
	600 < 900
	900 < 1200
	1200 < 1500
	1500 < 1800

	Probability
	0.18
	0.32
	0.25
	0.15
	0.06
	0.04



The newsstand has contracted for 750 copies of the magazine per month from the publisher. The unsold copies are returnable to the publisher who will take them back at cost less Rs. 4 per copy for handling charges. The newsstand manager wants to simulate of the demand and profitability. The of following random number may be used for simulation:
	S. No.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Random number
	27
	15
	56
	17
	98
	71
	51
	32
	62
	83
	96
	69.


(i) Allocate random numbers to the demand patter forecast by the newsstand.
(ii) Simulate twelve months sales and calculate the monthly and annual profit/loss.
(iii) Calculate the loss on lost sales. (CA Final Nov. 2005)

Answer 
	Monthly demand
	Probability
	Cum. Probability
	Cumulative probability range
	Range for simulation

	150
	0.18
	0.18
	0-0.18
	0-0.17

	450
	0.32
	0.50
	0.18-0.50
	0.18-0.49

	750
	0.25
	0.75
	0.50-0.75
	0.50-0.74

	1050
	0.15
	0.90
	0.75-0.90
	0.75-0.89

	1350
	0.06
	0.96
	0.90-0.96
	0.90-0.95

	1650
	0.04
	1.00
	0.96-1.00
	0.96-0.99



(b) Statement showing 12 months profit on simulation basis
	Month
	Demand
	Sales (Rs)
	Cost of sales
	Profit

	1
	450
	450 x 37.50
	14,700
	2,175

	2
	150
	150 x 37.50
	6,900
	-1275

	3
	750
	750 x 37.50
	22,500
	5,625

	4
	150
	150 x 37.50
	6,900
	-1275

	5
	1650
	750 x 37.50
	22,500
	5,625

	6
	750
	750 x 37.50
	22,500
	5,625

	7
	750
	750 x 37.50
	22,500
	5,625

	8
	450
	450 x 37.50
	14,700
	2,175

	9
	750
	750 x 37.50
	22,500
	5,625

	10
	1050
	750 x 37.50
	22,500
	5,625

	11
	1650
	750 x 37.50
	22,500
	5,625

	12
	750
	750 x 37.50
	22,500
	5,625

	
	
	
	
	Rs.46,800



(c) Loss on lost sales: (900 +300 + 900) x 7.50 = 15,750

Q. No. 16.4: A car rental agency has collected the following data on the demand for five-seater vehicles over past 50 days.
	Daily demand 
	4
	5
	6
	7
	8

	No. of days 
	4
	10
	16
	14
	6



The agency has only 6 cars currently. Use the following 5 random numbers to generate 5 days of demand to the rental agency. Random numbers: 15, 48, 71, 56, 90. What is the average number of cars rented per day for 5 days?             (CA Final May 2011)                         

Answer
Probability distribution 
	Daily Demand
	Probability
	Cum. Prob.
	Range
	Range for simulation

	4
	0.08
	0.08
	0 - 0.08
	0 - 0.07

	5
	0.20
	0.28
	0.08 - 0.28
	0.08 - 0.27

	6
	0.32
	0.60
	0.28 -0.60
	0.28 -0.59

	7
	0.28
	0.88
	0.60 - 0.88
	0.60 - 0.87

	8
	0.12
	1.00
	0.88 - 1.00
	0.88 - 0.99



	Day
	1
	2
	3
	4
	5
	Total 

	Demand
	5
	6
	7
	6
	8
	

	Cars rented
	5
	6
	6
	6
	6
	29


Average number of cars rented per day for 5 days = 29/5 = 5.80

Q. No. 16.5 : The Director of finance for a farm cooperative is concerned about the yields per acre she can expect from this year’s corn crop. The probability distribution of the yields for the current weather conditions is given below: 
	Yield in Kg per acre→
	120
	140
	160
	180

	Probability→
	0.18
	0.26
	0.44
	0.12



She would like to see a simulation of the yields she might expect over next 10 years for the weather conditions similar to those she is now experiencing. You may use these random numbers: 20, 72, 34, 54, 30, 22, 48, 74, 76, and 02.

She is also interested in the effect of market-price fluctuations on the co-operative’s farm revenue. She makes this estimate of per-kg prices for corn.
	Price per Kg. (Rs.)→
	2.00
	2.10
	2.20
	2.30
	2.40
	2.50

	Probability→
	0.05
	0.15
	0.30
	0.25
	0.15
	0.10



Stimulate the price she might expect to observe over next 10 years using the following random numbers: 82, 95, 18, 96, 20, 84, 56, 11, 52, and 03.
Estimate the average revenue per acre over next 10 years. (CA Final May 1991)

Answer
Probability distribution of yield in kg per acre
	Yield
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	120
	0.18
	0.18
	0 - 0.18
	0 - 0.17

	140
	0.26
	0.44
	0.18 - 0.44
	0.18 - 0.43

	160
	0.44
	0.88
	0.44 - 0.88
	0.44 - 0.87

	180
	0.12
	1.00
	0.88 - 1.00
	0.88 – 0.99




Probability distribution (price per Kg)
	Price/Kg.
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	2.00
	0.05
	0.05
	0 - 0.05
	0 - 0.04

	2.10
	0.15
	0.20
	0.05 - 0.20
	0.05 - 0.19

	2.20
	0.30
	0.50
	0.20 - 0.50
	0.20 - 0.49

	2.30
	0.25
	0.75
	0.50 - 0.75
	0.50 - 0.74

	2.40
	0.15
	0.90
	0.75 - 0.90
	0.75 - 0.89

	2.50
	0.10
	1.00
	0.90 - 1.00
	0.90 – 0.99



	Year
	Revenue per acre

	1
	140 x 2.40

	2
	160 x 2.50

	3
	140 x 2.10

	4
	160 x 2.50

	5
	140 x 2.20

	6
	140 x 2.40

	7
	160 x 2.30

	8
	160 x 2.10

	9
	160 x 2.30

	10
	120 x 2.00

	Total
	Rs.3386



Average annual revenue per acre = Rs.338.60

Q. No. 16.6: The occurrence of rain in a city on a day is dependent upon whether or not it rained on the previous day. 

If it rained the previous day : rain distribution is follows:
	Event 
	Probability 

	No rain
	0.50

	1 cm. rain 
	0.25

	2 cm. rain 
	0.15

	3 cm. rain
	0.05

	4 cm. rain
	0.03

	5 cm. rain
	0.02



 If did not rain the previous day, the rain distribution is :
	Event 
	Probability 

	No rain
	0.75

	1 cm. rain 
	0.15

	2 cm. rain 
	0.06

	3 cm. rain
	0.04



Stimulate the city’s weather for 10 days and determine by simulation the total days without rain as well as the total rainfall during the period.

Use the following random numbers for simulation
	67
	63
	39
	55
	29
	78
	70
	06
	78
	76



Assume that for the first day of simulation it had not rained the day before. 
(CA Final Nov.93)
Answer
Probability distribution (it rained previous day)
	Event 
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	No rain
	0.50
	0.50
	0 - 0.50
	0 - 0.49

	1 cm. rain 
	0.25
	0.75
	0.50 - 0.75
	0.50 - 0.74

	2 cm. rain 
	0.15
	0.90
	0.75 - 0.90
	0.75 - 0.89

	3 cm. rain
	0.05
	0.95
	0.90 - 0.95
	0.90 - 0.94

	4 cm. rain
	0.03
	0.98
	0.95 - 0.98
	0.95 - 0.97

	5 cm. rain
	0.02
	1.00
	0.98 - 1.00
	0.98 – 0.99



Probability distribution (it did not rain previous day)
	Event 
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	No rain
	0.75
	0.75
	0 - 0.75
	0 - 0.74

	1 cm. rain 
	0.15
	0.90
	0.75 - 0.90
	0.75 - 0.89

	2 cm. rain 
	0.06
	0.96
	0.90 - 0.96
	0.90 - 0.95

	3 cm. rain
	0.04
	1.00
	0.96 - 1.00
	0.96 – 0.99



	Day
	Weather

	1
	No rain

	2
	No rain

	3
	No rain

	4
	No rain

	5
	No rain

	6
	1 cm rain

	7
	1 cm rain

	8
	No rain

	9
	1 cm rain

	10
	2 cm rain



Q. No. 16.7: The output of production line is checked by an inspector for on e or more of three different types of defects, A,B and C. If defect A occurs, the item is scrapped. If defect B or C occurs, the item must be reworked. The time required to rework a B defect is 15 minutes and the time required to rework a C defect is 30 minutes. The probabilities of an A, B and C defects are 0.15, 0.20, and 0.10 respectively. For ten items coming off the assembly line, determine the number of items without any defects, the number scrapped and total minutes of rework time. Use the following random numbers: 

RN for defects A:
	48
	55
	91
	40
	93
	01
	83
	63
	47
	52



RN for defects B:
	47
	36
	57
	04
	79
	55
	10
	13
	57
	09



RN for defects C:
	82
	95
	18
	96
	20
	84
	56
	11
	52
	03


(CA Final May 1994)

Answer: 
Probability distribution (Defect A)
	Event 
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	Defect
	0.15
	0.15
	0 – 0.15
	0 – 0.14

	No defect
	0.85
	1.00
	0.15 – 1.00
	0.15 – 0.99



Probability distribution (Defect B)
	Event 
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	Defect 
	0.20
	0.20
	0 – 0.20
	0 – 0.19

	No defect 
	0.80
	1.00
	0.20 – 1.00
	0.20 – 0.99



Probability distribution (Defect C)
	Event 
	Probability
	Cum. Prob.
	Probability range
	Probability range for simulation

	Defect 
	0.10
	0.10
	0 – 0.10
	0 – 0.09

	No defect 
	0.90
	1.00
	0.10 – 1.00
	0.10 – 0.99



	Item
	Defect A
	Defect B
	Defect C
	Rework time

	1
	No
	No
	No
	

	2
	No
	No
	No
	

	3
	No
	No
	No
	

	4
	No
	Yes
	No
	15m

	5
	No
	No
	No
	

	6
	Yes
	No
	No
	

	7
	No
	Yes
	No
	15m

	8
	No
	Yes
	No
	15m

	9
	No
	No
	No
	

	10
	No
	Yes
	Yes
	15m + 30m

	
	
	
	
	90m



	No defect items : 5
	Scrap  : 1 (Item no. 6)
	Rework  : 4


Q. No. 16.8: Dr. Strong is dentist who schedules all her patients for 30 minutes appointments.
Some of the patients take more or less than 30 minutes depending on the type of dental work to be done. The following summary shows the various categories of work, their probabilities and time actually needed to complete the work:
	Category 
	Time required 
	Probability of category 

	Filing 
	45 minutes 
	0.40

	Crown 
	60 minutes
	0.15

	Cleaning 
	15 minutes 
	0.15

	Extraction 
	45 minutes 
	0.10

	Check up 
	15 minutes 
	0.20



Stimulate the dentist’s clinic for four hours and determine the average waiting time for the patients as well as the idleness of the doctor. Assume that all the patients show up at the clinic at exactly their scheduled arrival time starting at 8.00 A.M., use the following random numbers for handling the above problem:
	40
	82
	11
	34
	25
	66
	17
	79


(CA Final Nov. 1990)

Answer
Probability distribution of dental jobs 
	Category 
	Prob.
	Cum. Prob.
	Probability range
	Probability range for simulation

	Filing 
	0.40
	0.40
	0 – 0.40
	0 – 0.39

	Crown 
	0.15
	0.55
	0.40 – 0.55
	0.40 – 0.54

	Cleaning 
	0.15
	0.70
	0.55 – 0.70
	0.55 – 0.69

	Extraction 
	0.10
	0.80
	0.70 – 0.80
	0.70 – 0.79

	Check up 
	0.20
	1.00
	0.80 – 1.00
	0.80 – 0.99




	Patient
	Category
	Arrival
	Service starts
	Service time
	Waiting  time

	
	
	
	
	
	Patient
	Doctor

	1
	Crown
	8.00
	8.00
	60m
	---
	---

	2
	Check up
	8.30
	9.00
	15m
	30m
	---

	3
	Filling
	9.00
	9.15
	45m
	15m
	---

	4
	Filling
	9.30
	10.00
	45m
	30m
	---

	5
	Filling
	10.00
	10.45
	45m
	45m
	---

	6
	Cleaning
	10.30
	11.30
	15m
	60m
	---

	7
	Filling
	11.00
	11.45
	45m
	45m
	---

	8
	Extraction
	11.30
	12.30
	45m
	60m
	---

	Total
	
	
	
	
	285m
	



	Average waiting time for the patients: 285/8 = 35.625m
	Average idle for the doctor : nil 



Q. No. 16.9: The management of ABC company is considering the question of marketing a new product. The fixed cost required in the project is Rs.4000. Three factors are uncertain.viz. the selling price, variable cost and the annual sales volume. The product has a life of only one year. The management has the data on these three factors as under: 
	Selling Price
	Probability
	Variable cost
	Probability
	Sale  Units
	Probability

	3
4
5
	0.20
0.50
0.30
	1
2
3
	0.30
0.60
0.10
	2,000
3,000
5,000
	0.30
0.30
0.40



Consider the following sequence of thirty random numbers:
	81,  32,  60
	04,  46,  31
	67,  25,  24
	10,  40,  02
	39,  68,  08

	59,  66,  90
	12,  64,  79
	31,  86,  68
	82,  89,  25
	11,  98,  16


Using the sequence (first 3 random for the first trial, etc), stimulate the average profit for the above project on the basis of 10 trials.

Answer: 
Probability Distribution (SP)
	SP
	Probability
	Cum. Prob.
	Probability range
	Probability range for simulation

	3
	0.20
	0.20
	0 – 0.20
	0 – 0.19

	4
	0.50
	0.70
	0.20 – 0.70
	0.20 – 0.69

	5
	0.30
	1.00
	0.70 – 1.00
	0.70 – 0.99



Probability Distribution (VC)
	VC
	Probability
	Cum. Prob.
	Probability range
	Probability range for simulation

	1
	0.30
	0.30
	0 – 0.30
	0 – 0.29

	2
	0.60
	0.90
	0.30 – 0.90
	0.30 – 0.89

	3
	0.10
	1.00
	0.90 – 1.00
	0.90 – 0.99



Probability Distribution (Volume)
	SP
	Probability
	Cum. Prob.
	Probability range
	Probability range for simulation

	2000
	0.30
	0.30
	0 - 0.30
	0 - 0.29

	3000
	0.30
	0.60
	0.30 – 0.60
	0.30 – 0.59

	5000
	0.40
	1.00
	0.60 – 1.00
	0.60 – 0.99



	Trial
	Profit
	Trial
	Profit

	1
	(5 – 2)(5000) – 4,000  = 11,000
	7
	(3 – 2)(5000) – 4,000  =  1,000

	2
	(3 – 2)(3000) – 4,000  = -1,000
	8
	(4 – 2)(5000) – 4,000  =  6,000

	3
	(4 – 1)(2000) – 4,000  =  2,000
	9
	(5 – 2)(2000) – 4,000  =  2,000

	4
	(3 – 2)(2000) – 4,000  = -2,000
	10
	(3 – 3)(2000) – 4,000  = -4,000

	5
	(4 – 2)(2000) – 4,000   =   0
	Total
	Rs.21000

	6
	(4 – 2)(5000) – 4,000  =  6,000
	
	


Average annual profit = 21,000/10 = 2100 
16.2-2 INVENTORY MANAGEMENT 
There are three inventory related costs (i) Carrying Cost (ii) Ordering costs and (iii) Stock out costs. Inventory Management aims at minimizing the total of these costs. For this purpose, we calculate two parameters (i) EOQ and (ii) reorder level. Both of these parameters are based on three uncertain items (a) daily demand (b) supply pattern and (iii) lead time. All the three items can be estimated using Monte Carlo Simulation.

Based on past experience, we may find various possible outcomes of demand, supply and lead time. We may also find their respective probabilities. Using the random numbers, we may objectively estimate these three items. Inventory can be effectively management when the management has got these three estimates. 

Q. No. 16.10: A company trading in motor vehicles spares wishes to determine the level of stock it should carry for the item in its range. Demand is not certain and replenishment of stock takes 3 days. For one item X, the following information is obtained:
	Demand Units/day)
	1
	2
	3
	4
	5

	Probability 
	0.10
	0.20
	0.30
	0.30
	0.10



Each time an order is placed, the company incurs an ordering cost of Rs.20 per order. The company also incurs carrying cost of Rs.2.50 per unit per day. The inventory carrying cost is calculated on the basis of average stock.

The manager of the company wishes to compare two options for his inventory decision:
A. Order 12 units when the inventory at the beginning of the day plus order outstanding is less than 12 units.
B. Order 10 units when the inventory at the beginning of the day plus order outstanding is less than 10 units.

Currently (on the first day) the company has a stock of 17 units. The sequence of random number to be used is 08, 91, 25, 18, 40, 27, 85, 75, 32, and 52. You are required to carry out a simulation run over a period 10 days, recommended which option the manager should chose.                                                                                                                    (CA Final Nov. 2004)

Answer:
Probability distribution  
	Demand
	Probability
	Cum. Prob.
	Range
	Range for simulation

	1
	0.10
	0.10
	     0 – 0.10
	     0 – 0.09

	2
	0.20
	0.30
	0.10 – 0.30
	0.10 – 0.29

	3
	0.30
	0.60
	0.30 – 0.60
	0.30 – 0.59

	4
	0.30
	0.90
	0.60 – 0.90
	0.60 – 0.89

	5
	0.10
	1.00
	0.90 – 1.00
	0.90 – 0.99




0rder 12 units 
	Day
	Opening stock
	Receipt
	Demand
	Closing stock
	Order placed
	Average stock

	1
	17
	---
	1
	16
	--
	16.50

	2
	16
	---
	5
	11
	--
	13.50

	3
	11
	---
	2
	9
	12 units
	10.00

	4
	9
	---
	2
	7
	---
	8.00

	5
	7
	---
	3
	4
	---
	5.50

	6
	4
	12
	2
	14
	---
	9.00

	7
	14
	---
	4
	10
	---
	12.00

	8
	10
	---
	4
	6
	12 units
	8.00

	9
	6
	---
	3
	3
	---
	4.50

	10
	3
	---
	3
	0
	---
	1.50

	Total
	
	88.50



	Carrying cost: 88.50 x 2.50 = Rs.221.25         
	Ordering cost: Rs.40
	Total cost: Rs. 261.25



Order 10 units 
	Day
	Opening stock
	Receipt
	Demand
	Closing stock
	Order placed
	Average stock

	1
	17
	---
	1
	16
	--
	16.50

	2
	16
	---
	5
	11
	--
	13.50

	3
	11
	---
	2
	9
	--
	10.00

	4
	9
	---
	2
	7
	10 units
	8.00

	5
	7
	---
	3
	4
	---
	5.50

	6
	4
	---
	2
	2
	---
	3.00

	7
	2
	10
	4
	8
	---
	5.00

	8
	8
	---
	4
	4
	10 units
	6.00

	9
	4
	---
	3
	1
	
	2.50

	10
	1
	---
	3
	Shortage of 2 units
	---
	0.50

	Total
	
	70.50

	Carrying cost: 70.50 x 2.50 = Rs.176.25         
	Ordering cost: Rs.40
	Total cost: Rs. 216.25



If shortage is a serious matter for the company, the first option is recommended; otherwise the second option is recommended.

Q. No. 16.11: A company uses a high grade raw material. The consumption pattern is probabilistic as given below and it takes two months to replenish stocks:
	Consumption/month (tons)
	1
	2
	3
	4

	Probability 
	0.15
	0.30
	0.45
	0.10


The cost of placing an order is Rs.1000 and the cost of carrying stocks is Rs.50 per month per ton. The average carrying costs are calculated on the stocks held at the end of each month.

The company has two options for the purchase of raw material as under:
Option I: Order for 5 tons when closing inventory of the month plus outstanding order is less than 8 tons.

Option II: Order for 8 tons when closing inventory of the month plus outstanding order is less than 8 tons.

Currently on 1st April, 2002, the company has a stock of 8 tons of raw materials plus 6 tons ordered two months ago. The order is to be received next month. 

Using the random numbers given below, stimulate 12 months consumption till 31.3.2003 and advise the company as to which purchase option should be accepted such that inventory costs are minimum. Random numbers are:
	88
	41
	67
	63
	48
	74
	27
	16
	11
	64
	49
	21


(Similar to CA Final May 2000)
Answer
	Consumption
	Probability
	Cum. Probability
	Range
	Range for simulation

	1
	0.15
	0.15
	0 - 0.15
	0 - 0.14

	2
	0.30
	0.45
	0.15 - 0.45
	0.15 - 0.44

	3
	0.45
	0.90
	0.45 - 0.90
	0.45 - 0.89

	4
	0.10
	1.00
	0.90 - 1.00
	0.90 - 0.99


Assumption : Delivery against the order is made in the beginning of the month.
0rder 5 tons
	Months
	Opening stock
	Receipt
	Consumption
	Closing stock
	Order placed

	1
	8
	---
	3
	5
	

	2
	5
	6
	2
	9
	

	3
	9
	--
	3
	6
	5 tons

	4
	6
	--
	3
	3
	

	5
	3
	--
	3
	0
	5 tons

	6
	0
	5
	3
	2
	5 tons

	7
	2
	--
	2
	0
	

	8
	0
	5
	2
	3
	

	9
	3
	5
	1
	7
	5 tons

	10
	7
	--
	3
	4
	

	11
	4
	--
	3
	1
	5 tons

	12
	1
	5
	2
	4
	

	Total
	
	44
	5 orders



Carrying cost: 44 x 50 =2200        Ordering cost: Rs.5000                   Total cost: 7200
0rder 5 tons
	Months
	Opening stock
	Receipt
	Consumption
	Closing stock
	Order placed

	1
	8
	---
	3
	5
	

	2
	5
	6
	2
	9
	

	3
	9
	--
	3
	6
	8 tons

	4
	6
	--
	3
	3
	

	5
	3
	--
	3
	0
	

	6
	0
	8
	3
	5
	8 tons

	7
	5
	--
	2
	3
	

	8
	3
	--
	2
	1
	

	9
	1
	8
	1
	8
	

	10
	8
	--
	3
	5
	8 tons

	11
	5
	--
	3
	2
	

	12
	2
	--
	2
	0
	

	Total
	
	47
	



Carrying cost  :  47x 50 = Rs.2350      Ordering cost : Rs.3000
Total cost: Rs.5350

II option is recommended on account of lower total cost.

Q. No. 16.12: With a view to improving the quality of customer services, a Bank is interested in making an assessment of the waiting time of its customers coming to one of its branches located in a residential area. This branch has only one teller’s counter. The arrival rate of the customers and the service rate of the teller are given below:

	Time between two consecutive 
arrivals of customers (in minutes)
	Probability
	Service time by the
 teller (in minutes)
	Probability

	3
	0.17
	3
	0.10

	4
	0.25
	4
	0.30

	5
	0.25
	5
	0.40

	6
	0.20
	6
	0.15

	7
	0.13
	7
	0.05



You are required to stimulate 10 arrivals of customers in the system starting from 11 AM and show the waiting time of the customers and idle time of the teller. Use the following random numbers taking the first two random numbers in two digits each for the first trial and so on: 11, 56, 23, 72, 94, 83, 83, 01, 97, 99, 83, 10, 93, 34, 33, 53, 49, 94, 37, and 97.                  
        (CA Final May 2003)
Answer 
Probability Distribution (two consecutive customers)
	Time Between two customers’ arrival (m)
	Probability
	Cum. Probability
	Range
	Range for simulation

	3
	0.17
	0.17
	      0 – 0.17
	0 – 0.16

	4
	0.25
	0.42
	0.17 – 0.42
	0.17 – 0.41

	5
	0.25
	0.67
	0.42 – 0.67
	0.42 – 0.66

	6
	0.20
	0.87
	0.67 – 0.87
	0.67 – 0.86

	7
	0.13
	1.00
	0.87 – 1.00
	0.87 – 0.99



Probability Distribution (service time)
	Service (m)
	Probability
	Cum. Probability
	Range
	Range for simulation

	3
	0.10
	0.10
	0 – 0.10
	0 – 0.09

	4
	0.30
	0.40
	0.10 – 0.40
	0.10 – 0.39

	5
	0.40
	0.80
	0.40 – 0.80
	0.40 – 0.79

	6
	0.15
	0.95
	0.80 – 0.95
	0.80 – 0.94

	7
	0.05
	1.00
	0.95 – 1.00
	0.95 – 0.99



	Customer No. 
	Arrival time 
	Service begins 
	Service time 
	Service ends
	Waiting time 
	Idle time 

	1
	11.03 AM
	11.03 AM
	5m
	11.08
	--
	3 m 

	2
	11.07
	11.08AM
	5m
	11.13
	1m
	--

	3
	11.14
	11.14
	6m
	11.20
	--
	1m

	4
	11.20
	11.20
	3m
	11.23
	--
	--

	5
	11.27
	11.27
	7m
	11.34
	--
	4 m

	6
	11.33
	11.34
	4m
	11.38
	1 m
	

	7
	11.40
	11.40
	4m
	11.44
	
	2m

	8
	11.44
	11.44
	5m
	11.49
	
	

	9
	11.49
	11.49
	6m
	11.55
	
	

	10
	11.53
	11.55
	7m
	12.02
	2m
	

	Total 
	
	4m
	10m



Q. No. 16.13: A Ltd trades in a perishable commodity. Each day, A Ltd receives supplies of goods from a wholesaler but the quantity supplied is a random variable, as is subsequent retail customer demand for the commodity. Both supply and demand are expressed in batches of 50 units and over the past working year (300 days) A Ltd has kept the records of supply and demands. The records are as follows:
	Wholesale supplies
	No of days occurring
	Customers’ demand
	No of days occurring

	50
	60
	50
	60

	100
	90
	100
	60

	150
	90
	150
	150

	200
	60
	200
	30


A Ltd buys the commodity at Rs.6 per unit and sells at the rate of Rs.10 per unit. unsold units at the end of the day are worthless as there are no storage facilities. A  Ltd. estimates that each unit of unsatisfied demand on any day costs them Rs.2. Use the following random numbers: (8, 4), (8, 0), (3, 3), (4, 7), (9, 6), (1, 5).  Simulate six days trading and estimate the annual profit.  (Adapted ICWA December 2000)
Answer 
Probability distribution (wholesale supplies)
	Wholesale Supplies 
	Probability 
	Cum. Probability 
	Range 
	Range for simulation

	50
	0.2
	0.2
	   0 – 0.2
	   0 – 0.1

	100
	0.3
	0.5
	 0.2 – 0.5
	 0.2 – 0.4

	150
	0.3
	0.8
	 0.5 – 0.8
	 0.5 – 0.7

	200
	0.2
	1.00
	 0.8 – 1.00
	 0.8 – 0.9


Probability distribution (Customers demand)
	Demand 
	Probability 
	Cum. Probability 
	Range 
	Range for simulation

	50
	0.2
	0.2
	  0  - 0.2
	   0 – 0.1

	100
	0.2
	0.4
	0.2 - 0.4
	 0.2 – 0.3

	150
	0.5
	0.9
	0.4 - 0.9
	 0.4 – 0.8

	200
	0.1
	1.0
	0.9 - 1.0
	 0.9 – 0.9



	Day
	Supply
	Demand
	Sales (A) Rs.
	Cost (B) Rs.
	Loss on shortage (C) Rs.
	Profit (A – B – C )       Rs.

	1
	200
	150
	1500
	1200
	
	300

	2
	200
	50
	500
	1200
	
	-700

	3
	100
	100
	1000
	600
	
	400

	4
	100
	150
	1000
	600
	100
	300

	5
	200
	150
	1500
	1200
	
	300

	6
	50
	150
	500
	300
	200
	0

	Total
	
	600


Profit in 6 days: Rs.600                          Profit in 300 days Rs.30,000
Q. No. 16.14: ABC Cooperative Bank receives and disburses different amount of cash in each month. The bank has an opening cash balance of Rs.15 Crores in the first month. The pattern of receipts and disbursements from the past data is as flows:
	Monthly cash receipts
	Monthly cash payments

	Rs. Crores
	Probability
	Rs. Crores
	Probability

	30
	0.20
	33
	0.15

	42
	0.40
	60
	0.20

	36
	0.25
	39
	0.40

	99
	0.15
	57
	0.25


(i) Calculate probability that the ABC Cooperative Bank will fall short in payments.
(ii) Calculate average monthly shortfall.
(iii) If the ABC Cooperative Bank can get an overdraft facility of Rs.45 Crores from some other bank, what is the probability that they will fall short in monthly payments?  
Use the following sequence of paired random numbers:
	17,  78
	43,  16
	74,  35
	31,  23
	72,   44
	46,  92

	51,   58
	68,   08
	93,   58
	54,   78
	96,    54
	09,   77


                                                                                                                                     (CA Final May 2010)                                                                                                                               Answer
Probability distribution (cash receipts) 
	Cash receipts 
	Probability
	Cum. Prob.
	Range
	Range for simulation

	30
	0.20
	0.20
	0 – 0.20
	0 – 0.19

	36
	0.25
	0.45
	0.20 – 0.45
	0.20 – 0.44

	42
	0.40
	0.85
	0.45 – 0.85
	0.45 – 0.84

	99
	0.15
	1.00
	0.85 – 1.00
	 0.85 – 0.99


Probability distribution (Cash Payments)
	Cash payments
	Probability 
	Cum. Prob.
	Range 
	Range for simulation 

	33
	0.15
	0.15
	0 – 0.15
	0 – 0.14

	39
	0.40
	0.55
	0.15 – 0.55
	0.15 – 0.54

	57
	O.25
	0.80
	0.55 – 0.80
	0.55 – 0.79

	60
	0.20
	1.00
	0.80 – 1.00
	0.80 – 0.99


Month wise Cash Flow projections (Rs. Crores)
	Month
	Opening balance
	Receipts
	Payments
	Closing Balance

	1
	15
	30
	57
	-12

	2
	-12 
	36
	39
	-15

	3
	-15
	42
	39
	-12

	4
	-12
	36
	39
	-15

	5
	-15
	42
	39
	-12

	6
	-12
	42
	60
	-30

	7
	-30
	42
	57
	-45

	8
	-45 
	42
	33
	-36

	9
	-36
	99
	57
	6

	10
	6
	42
	57
	-9

	11
	-9
	99
	39
	51

	12
	51
	30
	57
	24


(ii) Probability of falling short of cash = No. of short balance projected months/total number of months = 9/12 = 0.75
	12 + 15  + 12  +15  +  12  +  30  +  45  +  36  +  9
(iii) Average monthly shortfall = ---------------------------------------------------------------------
                                                                                     9
                                   = Rs.20.67 Crores


(iv) In this situation, there shall be no shortfall. As such the probability of cash shortfall ( with overdraft facility) = nil
Q. No. 16.15  A car manufacturing company manufactures 40 cars per day. The sale of cars depends up on the demand which has the following distribution.
	Sale of cars
	37
	38
	39
	40
	41
	42

	Probability 
	0.10
	0.15
	0.20
	0.35
	0.15
	0.05


The production cost and sale price of each car are Rs.4 Lakhs and Rs.5 Lakhs respectively. Any unsold car is to be disposed off at a loss of Rs.2 Lakhs. There is penalty of Rs.1 Lakh per car, if the demand is not met. Using the following random numbers, estimate the total profit/loss for the next 10 days:
09, 98, 64, 98, 94, 01, 78, 10, 15, 19                                                                                                           If the company decides to produce 39 cars per day, what will be its impact on profitability?
(CA Final May 2002)
Answer
Probability distribution (Demand)
	Demand
	Probability
	Cum. Prob.
	Range
	Range for simulation

	37
	0.10
	0.10
	 0 – 0.10
	 0 – 0.09

	38
	0.15
	0.25
	0.10 – 0.25
	0.10 – 0.24

	39
	0.20
	0.45
	0.25 – 0.45
	0.25 – 0.44

	40
	0.35
	0.80
	0.45 – 0.80
	0.45 – 0.79

	41
	0.15
	0.95
	0.80 - 0.95
	0.80 - 0.94

	42
	0.05
	1.00
	0.95 - 1.00
	0.95 – 0.99


Production: 40 cars per day
	Day
	Demand
	Regular   sale (I)
	Sale of unsold cars (II)
	Cost      (III)
	Penalty (IV)
	Profit /Loss  I+II-III-IV

	1
	37
	Rs.185L
	Rs.6L
	Rs.160L
	---
	Rs.31L

	2
	42
	Rs.200L
	---
	Rs.160L
	Rs.2L
	Rs.38L

	3
	40
	Rs.200L
	---
	Rs.160L
	---
	Rs.40L

	4
	42
	Rs.200L
	---
	Rs.160L
	Rs.2L
	Rs.38L

	5
	41
	Rs.200L
	---
	Rs.160L
	Rs.1L
	Rs.39L

	6
	37
	Rs.185L
	Rs.6L
	Rs.160L
	---
	Rs.31L

	7
	40
	Rs.200L
	---
	Rs.160L
	---
	Rs.40L

	8
	38
	Rs.190L
	Rs.4L
	Rs.160L
	---
	Rs.34L

	9
	38
	Rs.190L
	Rs.4L
	Rs.160L
	---
	Rs.34L

	10
	38
	Rs.190L
	Rs.4L
	Rs.160L
	---
	Rs.34L

	Total 
	Rs.359


Production : 39 cars per day
	Day

	Demand
	Regular sale
(I)
	Sale of unsold cars  (II)
	Cost
(III)
	Penalty
(IV)
	Profit /Loss
I+II-III-IV

	1
	37
	Rs.185L
	Rs.4L
	Rs.156L
	---
	Rs.33L

	2
	42
	Rs.195L
	---
	Rs.156L
	Rs.3L
	Rs.36L

	3
	40
	Rs.195L
	---
	Rs.156L
	Rs.1L
	Rs.38L

	4
	42
	Rs.195L
	---
	Rs.156L
	Rs.3L
	Rs.36L

	5
	41
	Rs.195L
	---
	Rs.156L
	Rs.2L
	Rs.37L

	6
	37
	Rs.185L
	Rs.4L
	Rs.156L
	---
	Rs.33

	7
	40
	Rs.195L
	---
	Rs.156L
	Rs.1L
	Rs.38

	8
	38
	Rs.190L
	Rs.2L
	Rs.156L
	---
	Rs.36

	9
	38
	Rs.190L
	Rs.2L
	Rs.156L
	---
	Rs.36

	10
	38
	Rs.190L
	Rs.2L
	Rs.156L
	---
	Rs.36

	Total 
	Rs.359



No change in profit if production changes from 40 units/day to 39 units/day.
Q. No. 16.16 A retailer deals in a perishable commodity. The daily demand and supply are variables. The data for the past 500 days show the following demand and supply:
	Availability (Kg.)
	Supply (No. of days)
	Demand (Kg.)
	Demand (No. of days)

	10
	40
	10
	50

	20
	50
	20
	110

	30
	190
	30
	200

	40
	150
	40
	100

	50
	70
	50
	40


The retailer buys the commodity at Rs.20 per kg and sells at Rs.30 per kg. Any commodity remains at the end of the day, has no sales value. Moreover the loss on unsatisfied demand is Rs.8 per Kg. Given the following pair of random numbers, simulate 6 days sales, demand and profit: (31, 18) (63, 84) (15, 79) (07, 32) (43, 75) 81, 27). The first random number in the pair is that of supply and the second random number is for demand. (CA Final Nov. 2000)



Answer
Probability distribution (Supply)
	Supply
	Probability
	Cum. Prob.
	Range
	Range for simulation

	10
	40/500 = 0.08
	0.08
	0 – 0.08
	0 – 0.07

	20
	50/500 = 0.10
	0.18
	0.08 – 0.18
	0.08 – 0.17

	30
	190/500 = 0.38
	0.56
	0.18 – 0.56
	0.18 – 0.55

	40
	150/500 = 0.30
	0.86
	0.56 – 0.86
	0.56 – 0.85

	50
	70/500 = 0.14
	1.00
	0.86 – 1.00
	0.86 – 0.99


Probability distribution (Demand)
	Demand
	Probability
	Cum. Prob.
	Range
	Range for simulation

	10
	50/500 = 0.10
	0.10
	0 – 0.10
	0 – 0.09

	20
	110/500 = 0.22
	0.32
	0.10 – 0.32
	0.10 – 0.31

	30
	200/500 = 0.40
	0.72
	0.32 – 0.72
	0.32 – 0.71

	40
	100/500 = 0.20
	0.92
	0.72 – 0.92
	0.72 – 0.91

	50
	40/500 = 0.08
	1.00
	0.92 – 1.00
	0.92 – 0.99


Statement Showing Supply, Demand and Profit
	Day 
	Supply 
	Demand 
	Sale (I)
	Cost (II)
	Loss on unsatisfied demand  (III)
	Profit/Loss
  I - II - III

	1
	30
	20
	600
	600
	---
	Nil 

	2
	40
	40
	1,200
	800
	---
	400

	3
	20
	40
	600
	400
	160
	40

	4
	10
	30
	300
	200
	160
	-60

	5
	30
	40
	900
	600
	80
	220

	6
	40
	20
	600
	800
	---
	-200



Q No. 16.17 A refreshment centre in a railway station has two counters – (i) Self–service – opted by 60% of the customers and (ii) attended service (opted by 40% of the customers). Both counters can serve one person at a time. The arrival rate of the customers is given by the following probability distribution:
	No. of arrivals 
	1
	3
	4
	0
	2

	Probability 
	0.10
	0.30
	0.05
	0.20
	0.35


Formulate the associated interval of 2 digit random numbers for generating (i) type of service and (ii) arrival rate.                                                       (CA Final May 2012)
Answer
Probability distribution (Type of service)
	
	Probability
	Cum. Prob.
	Range
	Range for simulation

	Self–service
	0.60
	0.60
	0 – 0.60
	0 – 0.59

	Attended service
	0.40
	1.00
	0.60 – 1.00
	0.60 – 0.99


Probability distribution (Arrival rate)
	No. of arrivals
	Probability 
	Cum. Prob.
	Range 
	Range for simulation

	0
	0.20
	0.20
	0 – 0.20
	0 – 0.19

	1
	0.10
	0.30
	0.20 – 0.30
	0.20 – 0.29

	2
	0.35
	0.65
	0.30 – 0.65
	0.30 – 0.64

	3
	0.30
	0.95
	0.65 – 0.95
	0.65 – 0.94

	4
	0.05
	1.00
	0.95 – 1.00
	0.95 – 0.99



Q No. 16.18  At a small store of readymade garments, there is one clerk at the counter who is to check bills, receive payments and place the packed garments into fancy bags. The arrival of customer at the store is random and service time varies from one minute to six minutes, the frequency distribution for which is given below:
	Time between
arrivals (minutes)
	Frequency
	Service Time               (minutes)
	Frequency


	1
2
3
4
5
6
	5
20
35
25
10
5
	1
2
3
4
5
6
	1
2
4
2
1
0



The store starts work at 11 a.m. and closes at 12 noon for lunch and the customers are served on the “first came first served basis.”Using Monte Carlo simulation technique, find average length of waiting line, average waiting  time, average service time and total time spent by a customer in system.

You are given the following set of random numbers, first twenty for arrivals and last twenty for service:
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	64
	04
	02
	70
	03
	60
	16
	18
	36
	38
	07
	08
	59
	53
	01
	62
	36
	27
	97
	86

	30
	75
	38
	24
	57
	09
	12
	18
	65
	25
	11
	79
	61
	77
	10
	16
	55
	52
	59
	63


(CA Final Nov.2009)         
Answer
Probability Distribution (Arrival) 
	Time
	Probability
	Cum. Probability
	Range
	Range for simulation

	1m
	0.05
	0.05
	0  – 0 .05
	0  – 0 .04

	2m
	0.20
	0.25
	0.05 – 0 .25
	0.05 – 0 .24

	3m
	0.35
	0.60
	0.25 – 0.60
	0.25 – 0.59

	4m
	0.25
	0.85
	0.60 – 0.85
	0.60 – 0.84

	5m
	0.10
	0.95
	0.85 – 0.95
	0.85 – 0.94

	6m
	0.05
	1.00
	0.95  – 1 .00
	0.95  – 0.99



Probability Distribution (Arrival) 
	Time
	Probability
	Cum. Probability
	Range
	Range for simulation

	1m
	0.10
	0.10
	0 – 0.10
	0 – 0.09

	2m
	0.20
	0.30
	0.10 – 0.30
	0.10 – 0.29

	3m
	0.40
	0.70
	0.30 – 0.70
	0.30 – 0.69

	4m
	0.20
	0.90
	0.70 – 0.90
	0.70 – 0.89

	5m
	0.10
	1.00
	0.90 – 1.00
	0.90 – 0.99



	Customer             S. No.
	Arrival time
	Service begins
	Service
time
	Service completes
	Waiting time
	No. of persons  in queue
	Total time in system

	1
	11.04
	11.04
	3m
	11.07
	Nil 
	
	3m

	2
	11.05
	11.07
	4m
	11.11
	2m
	1
	6m

	3
	11.06
	11.11
	3m
	11.14
	5m
	2
	8m

	4
	11.10
	11.14
	2m
	11.16
	4m
	2
	6m

	5
	11.11
	11.16
	3m
	11.19
	5m
	2
	8m

	6
	11.15
	11.19
	1m
	11.20
	4m
	2
	5m

	7
	11.17
	11.20
	2m
	11.22
	3m
	2
	5m

	8
	11.19
	11.22
	2m
	11.24
	3m
	2
	5m

	9
	11.22
	11.24
	3m
	11.27
	2m
	1
	5m

	10
	11.25
	11.27
	2m
	11.29
	2m
	1
	4m

	11
	11.27
	11.29
	2m
	11.31
	2m
	1
	4m

	12
	11.29
	11.31
	4m
	11.35
	2m
	1
	6m

	13
	11.32
	11.35
	3m
	11.38
	3m
	1
	6m

	14
	11.35
	11.38
	4m
	11.42
	3m
	1
	7m

	15
	11.36
	11.42
	2m
	11.44
	6m
	2
	8m

	16
	11.40
	11.44
	2m
	11.46
	4m
	2
	6m

	17
	11.43
	11.46
	3m
	11.49
	3m
	2
	6m

	18
	11.46
	11.49
	3m
	11.52
	3m
	1
	6m

	19
	11.52
	11.52
	3m
	11.55
	Nil 
	Nil 
	3m

	20
	11.57
	11.57
	3m
	12.00
	Nil 
	Nil 
	3m

	Total
	
	
	54m
	
	56m
	26
	110m

	Average
	
	
	54/20  = 2.7
	
	56/20 =2.8
	26/20       = 1.3
	110/20             = 5.5m



Q. No. 16.19 A single counter ticket booking centre employs one booking clerk. A passenger on arrival immediately goes to the booking counter for being served if the counter is free. If, on the other hand, the counter is engaged, the passenger will have to wait. The passengers are served on first come first served basis. The time of arrival and the time of service varies from one minute to six minutes. The distribution of arrival and service time is as under:
	Arrival / Service Time (Minutes)
	Arrival (Probability)
	Service (Probability)

	1
	0.05
	0.10

	2
	0.20
	0.20

	3
	0.35
	0.40

	4
	0.25
	0.20

	5
	0.10
	0.10

	6
	0.05
	0



(i) Simulate the arrival and service of 10 passengers starting from 9 A.M. by using the following random numbers in pairs respectively for arrival and service. Random numbers 60  09,  16  12,  08  18,  36  65,  38  25,  07  11,  08  79,  59  61,  53  77,  03 10.

(ii) Determine the total duration of:
(1) Idle time of booking clerk and (2) Waiting time of passengers.  (CA Final Nov.2008)      
Answer
Probability Distribution (Arrival) 
	Time
	Probability
	Cum, Probability
	Range
	Range for simulation

	1m
	0.05
	0.05
	0  – 0 .05
	0  – 0 .04

	2m
	0.20
	0.25
	0.05 – 0 .25
	0.05 – 0 .24

	3m
	0.35
	0.60
	0.25 – 0.60
	0.25 – 0.59

	4m
	0.25
	0.85
	0.60 – 0.85
	0.60 – 0.84

	5m
	0.10
	0.95
	0.85 – 0.95
	0.85 – 0.94

	6m
	0.05
	1.00
	0.95  – 1 .00
	0.95  – 0.99



Probability Distribution (Service) 
	Time
	Probability
	Cum, Probability
	Range
	Range for simulation

	1m
	0.10
	0.10
	0 – 0.10
	0 – 0.09

	2m
	0.20
	0.30
	0.10 – 0.30
	0.10 – 0.29

	3m
	0.40
	0.70
	0.30 – 0.70
	0.30 – 0.69

	4m
	0.20
	0.90
	0.70 – 0.90
	0.70 – 0.89

	5m
	0.10
	1.00
	0.90 – 1.00
	0.90 – 0.99



	Passenger             S. No.
	Arrival time
	Service begins
	Service completes
	Waiting time
	Idle time

	1
	9.04
	0.04
	9.05
	Nil 
	4m

	2
	9.06
	9.06
	9.08
	Nil
	1m

	3
	9.08
	9.08
	9.10
	Nil
	nil

	4
	9.11
	9.11
	9.14
	Nil 
	1m

	5
	9.14
	9.14
	9.16
	Nil 
	Nil 

	6
	9.16
	9.16
	9.18
	Nil 
	Nil 

	7
	9.18
	9.18
	9.22
	Nil 
	Nil 

	8
	9.21
	9.22
	9.25
	1m
	Nil 

	9
	9.24
	9.25
	9.29
	1m
	Nil 

	10
	9.25
	9.29
	9.31
	4m
	Nil 

	Total 
	
	6m
	6m


Q. No. 16.20   The Everalert Ltd, which has a satisfactory preventive maintenance system in its plant, has installed a new Hot Air Generator based on electricity instead of fuel oil for drying the finished products. The Hot Air Generator requires periodic shutdown maintenance. If the shutdown is scheduled yearly, the cost of maintenance will be as under:
	Maintenance cost 
	Rs.15,000
	Rs.20,000
	Rs.25,000

	Probability 
	0.30
	0.40
	0.30


The costs are expected to be almost linear i.e. if the shutdown is scheduled twice per year, the maintrnance cost will be double.
The probability distribution of breakdown cost is estimated as under:
	Breakdown costs per annum
	Rs.75,000
	Rs.80,000
	Rs.1,00,000

	Shutdown once a year
	0.20
	0.50
	0.30

	Shutdown  twice a year
	0.50
	0.30
	0.20


Stimulate the total costs – maintenance and breakdown – and recommend whether the shutdown should be resorted once or twice a year. 
Random numbers 
Maintenance costs (shot down once a year)      27. 44, 22, 32, 97
Maintenance costs (shot down twice a year)      42, 04, 82, 38, 91
Breakdown costs (shot down once a year)            03, 50, 73, 87, 59
Breakdown costs (shot down twice a year)           54, 65, 49, 03, 56
(ICWA Stage IV Dec. 1995) 
Answer
Probability Distribution (Maintenance cost)
	Cost (Rs.)
	Probability
	Cum, Probability
	Range
	Range for simulation

	15,000
	0.30
	0.30
	0 – 0.30
	0 – 0.29

	20,000
	0.40
	0.70
	0.30 – 0.70
	0.30 – 0.69

	25,000
	0.30
	1.00
	0.70 – 1.00
	0.70 – 0.99



Probability Distribution (Breakdown cost; shutdown once a year)
	Cost (Rs.)
	Probability
	Cum, Probability
	Range
	Range for simulation

	75,000
	0.20
	0.20
	0 – 0.20
	0 – 0.19

	80,000
	0.50
	0.70
	0.20 – 0.70
	0.20 – 0.69

	100,000
	0.30
	1.00
	0.70 – 1.00
	0.70 – 0.99



Probability Distribution (Breakdown cost; shutdown twice a year)
	Cost (Rs.)
	Probability
	Cum, Probability
	Range
	Range for simulation

	75,000
	0.50
	0.50
	0 – 0.50
	0 – 0.49

	80,000
	0.30
	0.80
	0.50 – 0.80
	0.50 – 0.79

	1,00,000
	0.20
	1.00
	0.80 – 1.00
	0.80 – 0.99



Shut down once a year 
	Maintenance cost p.a.
	Breakdown  cost p.a.

	                              15,000
                              20,000
                              15,000
                              20,000
                              25,000
                               Total            Rs.95,000
                                Average    Rs.19,000
	                               75,000
                                80,000
                            1,00,000
                            1,00,000
                                 80,000
                             Total  Rs.4,35,000
                             Average Rs.87,000

	Total cost  Rs.19,000 + Rs.87,000 = Rs.1,06,000



Shut down Twice a year 
	Maintenance cost p.a.
	Breakdown  cost p.a.

	20,000 x2
15,000 x2
25000 x2
20000 x2
25,000 x2
Total Rs. 2,10,000
Average Rs.42,000
	80,000
80,000
75,000
75,000
80,000
Total Rs.3,90,000
Average Rs.78,000

	Total cost  Rs.42,000 + Rs.78,000 = Rs.1,20,000



Shutdown once a year is recommended on account of lower annual cost.

Q. No. 16.21 An international tourist company deals with the numerous personals calls each day and prides itself on its level of service. The time to deal with each caller depends on the client’s requirements which range from, say, a request for a brochure to booking a round-the-world cruise. If a client has to wait for more the 10 minutes for attention, it is company’s policy for the manager to see him personally and to give him a holiday voucher worth Rs.15.

The company’s observations have shown that the time taken to deal with the clients and arrival pattern of their calls follow the following distribution pattern:
	Time to deal 
with clients 
	Minutes
	2
	4
	6
	10
	14
	20
	30

	
	Probability
	0.05
	0.10
	0.15
	0.30
	0.25
	0.10
	0.05

	Time between 
call arrivals 
	Minutes
	1
	8
	15
	25

	
	Probability
	0.2
	0.4
	0.3
	0.1



Required 
(i) Describe how you would stimulate the operation of the travel agency based on the use of random number tables.
(ii) Simulate the arrival and serving of 12 clients and show the number of clients who receive a voucher ( Use line 1 of the random numbers below to derive the arrival pattern and line 2 for the serving times); and 
(iii) Calculate the weekly cost of vouchers, assuming the proportion of clients receiving vouchers derived from (ii) applies throughout a week of 75 operating hours.
Random numbers 
	Line 1
	03
	47
	43
	73
	86
	36
	96
	47
	36
	61
	46
	98

	Line 2
	63
	71
	62
	33
	26
	16
	80
	45
	60
	11
	14
	10


(CA Final Nov. 2012)

Answer
(i)
Probability Distribution (Arrival) 
	Time between call arrivals
	Probability
	Cum. Probability
	Range
	Range for simulation

	1m
	0.20
	0.20
	0  – 0.20
	0  – 0 .19

	8m
	0.40
	0.60
	0.20 – 0 .60
	0.20 – 0 .59

	15m
	0.30
	0.90
	0.60 – 0.90
	0.60 – 0.89

	25m
	0.10
	1.00
	0.90 – 1.00
	0.90 – 0.99



Probability Distribution (Time to deal with client) 
	Time to deal with clients
	Probability
	Cum. Probability
	Range
	Range for simulation

	2m
	0.05
	0.05
	0 – 0.05
	0 – 0.04

	4m
	0.10
	0.15
	0.05 – 0.15
	0.05 – 0.14

	6m
	0.15
	0.30
	0.15 – 0.30
	0.15 – 0.29

	10m
	0.30
	0.60
	0.30 – 0.60
	0.30 – 0.59

	14m
	0.25
	0.85
	0.60 – 0.85
	0.60 – 0.84

	20m
	0.10
	0.95
	0.85 – 0.95
	0.85 – 0.94

	30m
	0.05
	1.00
	0.95 – 1.00
	0.95 – 0.99



(ii)
	Client             S. No.
	Call Arrival time
	Service begins
	Service
time
	Service completes
	Waiting time

	1
	0.01
	0.01
	0.14
	0.15
	Nil 

	2
	0.09
	0.15
	0.14
	0.29
	6m

	3
	0.17
	0.29
	0.12
	0.41
	12m

	4
	0.32
	0.41
	0.10
	0.51
	9m

	5
	0.47
	0.51
	0.06
	0.57
	4m

	6
	0.55
	0.57
	0.06
	1.03
	2m

	7
	1.20
	1.20
	0.14
	1.34
	Nil 

	8
	1.28
	1.34
	0.10
	1.44
	6m

	9
	1.36
	1.44
	0.14
	1.58
	8m

	10
	1.51
	1.58
	0.04
	2.02
	7m

	11
	1.59
	2.02
	0.04
	2.06
	3m

	12
	2.24
	2.24
	0.04
	2.28
	Nil 



(iii) Cost of voucher in 2.24 hours i.e.144m    = Rs.15
Cost of voucher in 75 hours i.e. 4500m  = (15/144)x 4800 = Rs.500
16.3 HERTZ MODEL

· For business applications, Monte Carlo simulation is used which is based on probabilities. Hertz used it for evaluation of risky investment decisions by calculating average of various possible returns. (Hertz’s capital budgeting model) Hertz suggested that simulation can be used to estimate return on capital employed on a proposed project facing various uncertainties.

There are three steps in his model (i) Estimate various possible factors affecting the return on CE, also estimate their probabilities (ii) Calculate ROCE on the basis of various factors using random numbers. Taking the help of computer this trial may be repeated for a very large number of times. (iii) The average return obtained for all these trials is considered as possible ROCE under his mode.
The object of the model is to estimate the rate return on investments when various uncertainties are their.
Steps                                                                                                                                                                               (i) identify the factors affecting the return on investment. For example, these factors are investment, demand and profit per unit.
(ii) Determine the probability distribution of above identified factors.     
(iii) Estimate demand, profit per unit and investment using respective random numbers for each of these factors (The technique suggested here is referred as Simulation[footnoteRef:1] ). Repeat this trial for a very large number of times. Hertz suggested use of computer for this purpose so that the number of trials is very large.                                                                          [1:  Simulation is a mathematical technique which is used to predict the expected outcome when several outcomes are possible. The technique is based on random number. ( A set of numbers is said to be random number when the probability of its selection is equal to the probability of selection of any  other number i.e. the a set of number is said to be random when the probability of selection of all members is equal ). For business applications, Monte Carlo simulation is used which is based on probabilities.

] 

(iv) The average of returns obtained in the preceding step is the likely ROI as Hertz Model.
Q. No. 16.22                                                                                                                                                               XYZ Co. Ltd. evaluates the investment proposals on the basis of three factors: demand, profit per unit and required amount of investment. The data for a proposal under the consideration of its Board are given below:
	Annual demand (Kgs)       
	20,000
	30,000
	40,000
	45,000
	50,000
	55,000
	70,000

	Probability 
	0.10
	0.20
	0.14
	0.16
	0.10
	0.25
	0.05



	Profit per Kg. (Rs)
	10
	20
	30
	40
	50
	60
	70

	Probability 
	0.25
	0.15
	0.10
	0.20
	0.15
	0.10
	0.05



	Investment (Rs)
	20,00,000
	30,00,000
	50,00,000

	Probability 
	0.30
	0.40
	0.30



Using simulation process, repeat the trial 10 times, compute the ROI for each trial and the average ROI. Use the following random numbers:

	Demand   
	67, 63, 39, 55, 29, 78, 70, 06, 78, 76

	Profit per unit    
	28, 57, 60, 17, 64, 20, 27, 58, 61, 30

	Investment
	76, 78, 06, 70, 78, 29, 55, 39, 63, 67



(Similar to CA Final May, 2001)
Answer
Probability distribution (Demand) 
	Demand
	Probability
	Cum. Prob.
	Range
	Range for simulation

	20,000
	0.10
	0.10
	0 – 0.10
	0 – 0.09

	30,000
	0.20
	0.30
	0.10 – 0.30
	0.10 – 0.29

	40,000
	0.14
	0.44
	0.30 – 0.44
	0.30 – 0.43

	45,000
	0.16
	0.60
	0.44 – 0.60
	0.44 – 0.59

	50,000
	0.10
	0.70
	0.60 – 0.70
	0.60 – 0.69

	55,000
	0.25
	0.95
	0.70 – 0.95
	0.70 – 0.94

	70,000
	0.05
	1.00
	0.95 – 1.00
	0.95 –  0.99



Probability distribution (Profit/Kg) 
	Profit/kg.
	Probability
	Cum. Prob.
	Range
	Range for simulation

	10
	0.25
	0.25
	0 – 0.25
	0 – 0.24

	20
	0.15
	0.40
	0.25 – 0.40
	0.25 – 0.39

	30
	0.10
	0.50
	0.40 – 0.50
	0.40 – 0.49

	40
	0.20
	0.70
	0.50 - 0.70
	0.50 - 0.69

	50
	0.15
	0.85
	0.70 – 0.85
	0.70 – 0.84

	60
	0.10
	0.95
	0.85 – 0.95
	0.85 – 0.94

	70
	0.05
	1.00
	0.95 -1.00
	0.95 – 0.99




Probability distribution (Investment)
	Investment
	Probability
	Cum. Prob.
	Range
	Range for simulation

	20L
	0.30
	0.30
	0 – 0.30
	0 – 0.29

	30L
	0.40
	0.70
	0.30 – 0.70
	0.30 – 0.69

	50L
	0.30
	1.00
	0.70 – 1.00
	0.70 – 0.99



   Statement showing ROCE under various trials 
	Trial
	Demand
	Profit per Kg.
	Investment
	ROCE

	1
	50,000
	20
	50L
	20.00%

	2
	50,000
	40
	50L
	40.00%

	3
	40,000
	40
	20L
	80.00%

	4
	45,000
	10
	50L
	9.00%

	5
	30,000
	40
	50L
	24.00%

	6
	55,000
	10
	20L
	27.50%

	7
	55,000
	20
	30L
	36.67%

	8
	20,000
	40
	30L
	26.67%

	9
	55,000
	40
	30L
	73.33%

	10
	55,000
	20
	30L
	36.67%

	Average return on CE
	37.38%



16.3-1 MAJOR REASONS FOR APPLYING SIMULATIONS:
1. Simulation applications have  broadened  in scope 
2. Simulation soft wares have become easy to use. 
3. Cost of simulation is much less than the real life experiments.
4. Sometimes real life experiment is not feasible.  For example, if we have to find the effects of different types of car accidents, doing actual experiments with the passengers in the car will be infeasible.
5. Sometimes the real life experiments are quite unsafe. For example, we have to study the effect of radiation leakage.
6. Simulation’s greatest strength is its ability to answer “what if” questions.

16.3-2 APPLICATIONS OF SIMULATION
	(i)   Manufacturing
	Simulation is used in manufacturing in various ways like designing the products, scheduling the manufacturing processes and staff, utilizing the resources, machines and labour, removing the bottlenecks etc.

	(ii)  Economics
	In macroeconomics, the effects of proposed policy actions, such as fiscal policy changes or monetary policy changes, are simulated to judge their desirability.

	(iii) Engineering:
	Simulation is an important feature in engineering systems.

	(iv) Finance
	Simulations are used in portfolio management, risk management, stock market operations, foreign exchange risk management etc. 

	(v) Business Management
	Simulation technique is used for business management. Hertz used it for capital budgeting. It is also useful in inventory management. Simulation is also used for pricing the products

	(vi) Airlines
	Airlines use the technique for pilots training and scheduling the flights.

	(vii) Medical Profession
	Medical profession uses the simulation technique for training and research to improve the quality and safety of the patients.

	(vii) Entertainment
	Simulation technique is used for making films and video games. Film like Jurassic Park and video games like Battlezone could me made using simulation techniques.

	(viii) Military
	Military uses simulation for training.

	(ix) Sociology
	Sociology uses simulation for estimating the population growth

	(x) Service Industries
	These industries use simulation for scheduling the services



16.3-3 STEPS IN SIMULATION 
(i) Identify the problem which is to be stimulated
(ii) Develop the model 
(iii) Select the computer system and develop the programme 
(iv) Test the model
(v) Collect the data 
(vi) Perform simulation runs
(vii) Interpret and present the results
(viii) Recommend the further course of action

16.3-4 LIMITATION OF SIMULATION
(i) Simulation does not find an optimum solution to the problem; it is not an optimization technique.
(ii) It can be quite expensive to build a simulation model.
(iii) The results of simulations are only reliable approximations.  
(iv) The quality of the analysis depends on the quality of the model and the skill of the modeler.
(v) Simulation results are sometimes hard to interpret.
(vi) Use of random numbers causes the results of the simulation to be slightly unreliable. (This unreliability becomes smaller and smaller as the number of trials is increased.) 

Theoretical Questions
Q. No.16.1T What is Simulation? What are the steps in Simulation? (CA Final Nov. 2006)
Answer: Please refer to the paragraphs16.1 and 16.3- 3.

Q. No.16.2T What are the steps involved in the simulation process? (CA Final Nov. 2011)
Answer: Please refer to the paragraph 16.3.3.

Q. No.16.3T State major reasons for using simulation technique to solve a problem and also describe basic steps in a general simulation process. (CA Final June 2009)
Answer: Please refer to the paragraph 16.1- 1 and 16.3.3.


Q. No.16.4T How can simulation be applied in practical situations? (CA Final Nov. 2010)
Answer: Please refer to the paragraph 16.3-2.


Q. No.16.5T Outline the limitations of simulation. (CA Final Nov. 2002)
Answer: Please refer to the paragraph 16.3-4.

Q. No.16.6T What are the shortcomings in the use of simulation approach in solving the operation research problems? (CA Final May 2004)
Answer: Please refer to the paragraph 16.3-4.

Q. No.16.7T What is Monte Carlo simulation? How it is useful in inventory control?                            (CA Final Nov. 2003)
Answer: Please refer to the paragraphs 16.2 and 16.2-2

Q. No.16.8T What are the steps involved in carrying out Monte Carlo Simulation model. (CA Final Nov. 2010)
Answer: Please refer to the paragraph 16.2-1



