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21UCL302: RESOURCE MANAGEMENT TECHNIQUES
 Unit V:TOPIC: SIMULATION
Unit V:  Section A (4 Marks): 
 Q No. 1.  Write some limitations of simulation
Solution:  
Simulation is a powerful decision-making tool, but it has certain limitations:
1. No Exact Solution
Simulation does not provide an optimal or exact solution. It only gives approximate results based on the model and assumptions used.
2. Time-Consuming Process
Developing a simulation model, running experiments, and analysing results may require considerable time.
3. Costly Method
Simulation often requires specialized software, computers, and skilled personnel, which increases cost.
4. Requires Technical Expertise
Designing and interpreting simulation models requires knowledge of statistics, probability, and computer programming.
5. Model Complexity
If the real system is very complex, the simulation model may also become complicated and difficult to understand.
6. Dependence on Input Data
The accuracy of simulation results depends on the quality and reliability of input data. Poor data leads to misleading results.
7. Difficult Validation
It is sometimes difficult to verify whether the simulation model truly represents the real system.
8. Random Errors
In stochastic simulation, randomness may produce different results in different runs.
Section A  (4 Marks)
Q. No. 2  : A tourist car operator finds that during the past few months the car's use has varied so much that the cost of maintaining the car varied considerably. During the past 200 days the demand for the car fluctuated as below  
	Trips per week
	0
	1
	2
	3
	4
	5

	Frequency
	16
	24
	30
	60
	40
	30



Assume the following random numbers for 10 weeks:12, 78, 04, 66, 25, 91, 53, 38, 84, 17. Using these random numbers simulate the demand for a ten-week period.
Solution: 
Simulation of Demand for Tourist Car (10 Weeks)
Step 1: Construct Probability Distribution
Total frequency = 16 + 24 + 30 + 60 + 40 + 30 = 200
		Trips per Week
	Frequency
	Probability
	Cumulative Probability
	Random Number Interval

	0
	16
	16/200 = 0.08
	0.08
	00–07

	1
	24
	24/200 = 0.12
	0.20
	08–19

	2
	30
	30/200 = 0.15
	0.35
	20–34

	3
	60
	60/200 = 0.30
	0.65
	35–64

	4
	40
	40/200 = 0.20
	0.85
	65–84

	5
	30
	30/200 = 0.15
	1.00
	85–99








Step 2: Generate Random Numbers
Assume the following random numbers for 10 weeks:
12, 78, 04, 66, 25, 91, 53, 38, 84, 17
Step 3: Simulate Demand
	Week
	Random Number
	Trips per Week

	1
	12
	1

	2
	78
	4

	3
	04
	0

	4
	66
	4

	5
	25
	2

	6
	91
	5

	7
	53
	3

	8
	38
	3

	9
	84
	4

	10
	17
	1



Step 4: Simulated Demand for 10 Weeks
Trips: : 1, 4, 0, 4, 2, 5, 3, 3, 4, 1
Total trips in 10 weeks =  1 + 4 + 0 + 4 + 2 + 5 + 3 + 3 + 4 + 1 = 27 trips
Average trips per week = 27 / 10 = 2.7 trips
Conclusion

Using random number simulation, the expected demand for the next 10 weeks is approximately 2 to 3 trips per week on average.

Section A – Q. No. 3 
Problem:  A manufacturing company keeps stock of a special product. Previous experience indicates the daily demand as given below. Give solution with mathematical steps Daily demand & 5 & 10 & 15 & 20 & 25 & 30 \\ probability & 0.01 & 0.20 & 0.15 & 0.50 & 0.12 & 0.02 Simulate the demand for the next 10 days.Also find the daily average demand for that product on the basis of stimulated data.
Solution:
Simulation of Daily Demand
Given Probability Distribution
	Demand
	5
	10
	15
	20
	25
	30

	Probability
	0.01
	0.20
	0.15
	0.50
	0.12
	0.02



Step 1: Construct Cumulative Distribution
	Demand
	Probability
	Cumulative Probability

	5
	0.01
	0.01

	10
	0.20
	0.21

	15
	0.15
	0.36

	20
	0.50
	0.86

	25
	0.12
	0.98

	30
	0.02
	1.00



Step 2: Assign Random Number Intervals (00–99)
	Demand
	Random Numbers

	5
	00

	10
	01–20

	15
	21–35

	20
	36–85

	25
	86–97

	30
	98–99



Step 3: Assume Random Numbers for 10 Days
Let random numbers be:
12, 78, 04, 66, 25, 91, 53, 38, 84, 17
Step 4: Simulated Demand
	Random Number
	Demand

	12
	10

	78
	20

	04
	10

	66
	20

	25
	15

	91
	25

	53
	20

	38
	20

	84
	20

	17
	10



Step 5: Total Demand
Step 6: Daily Average Demand


Section A :Q No. 4.  Define the simulation with Examples
Solution:
Simulation is a quantitative technique used to imitate the operation of a real-world systemover time using a model. It helps in analysing complex systems where mathematical solutions are difficult or impossible to obtain. Simulation allows decision-makers to experiment with different scenarios without disturbing the actual system.
Definition: 
In simple terms, simulation is the process of creating a model of a real system and performing experiments on it to understand its behavior and evaluate alternative strategies.
Types of Simulation
1. Deterministic Simulation – No randomness involved (same input gives same output).
2. Stochastic Simulation – Involves randomness and probability.
3. Discrete Event Simulation – System changes at specific points in time.
4. Continuous Simulation – System changes continuously over time.
Examples of Simulation
1. Queue Simulation (Bank Example)
A bank studies customer waiting time.
By simulating:
· Customer arrival times
· Service times
· Number of counters
The bank can estimate:
· Average waiting time
· Queue length
· Required number of service counters
This helps improve customer service without experimenting in the real bank.

2. Monte Carlo Simulation
Used in business and finance to estimate uncertain outcomes.
Example:
A company wants to estimate profit when demand is uncertain. Using probability distributions for:
· Demand
· Cost
· Selling price
Thousands of random trials are generated to estimate expected profit.

3. Inventory Simulation
A supermarket simulates:
· Daily demand
· Reorder level
· Lead time
It helps determine:
· Optimal stock level
· Shortage probability
· Holding cost

4. Traffic Simulation
Used to analyze traffic flow at signals or highways to:
· Reduce congestion
· Improve signal timing
· Plan new roads

5. Weather Simulation
Meteorological departments simulate atmospheric conditions to predict rainfall and storms.

Advantages of Simulation
· Useful for complex systems
· Safe and risk-free experimentation
· Helps in decision-making
· Saves cost and time

Conclusion
Simulation is a powerful decision-making tool widely used in business, engineering, healthcare, banking, economics, and management studies. It provides approximate solutions and helps in analyzing systems under uncertainty.


Section A (4 Marks) :  Q. No. 5 
  A retail electronics store keeps stock of a popular gadget.
  Past records show that the daily demand varies, and the probability distribution 
of  demand is given below:

	Daily Demand (units)
	4
	8
	12
	16
	20
	24

	Probability
	0.05
	0.18
	0.22
	0.40
	0.10
	0.05


Simulate demand for the next 10 days using any set of random numbers.
Solution: 
To simulate demand for the next 10 days using a set of random numbers, we can follow these steps:
1. Assign intervals for each possible demand value based on their probabilities.
2. Generate random numbers for each of the 10 days.
3. Map the random numbers to corresponding demand values using the intervals.
Step 1: Assign Probability Intervals

The cumulative probability intervals will look like this:

	Daily Demand (units)
	Probability
	Cumulative Probability
	Cumulative Probability Intervals

	4
	0.05
	0.05
	00 – 0.04

	8
	0.18
	0.23
	0.05 – 0.22

	12
	0.22
	0.45
	0.23 – 0.44

	16
	0.40
	0.85
	0.45 – 0.84

	20
	0.10
	0.95
	0.85 – 0.94

	24
	0.05
	1.00
	0.95 – 0.99


Step 2: Generate Random Numbers
We will use random numbers between 0 and 1 to simulate demand. Let's assume we generate the following random numbers for the next 10 days: 
Random Numbers: 0.02, 0.21, 0.35, 0.50, 0.60, 0.77, 0.10, 0.86, 0.12, 0.95
Step 3: Map Random Numbers to Demand Values
Using the cumulative probability intervals, we map each random number to a demand value:
1. 0.02 falls between 0 and 0.05 → Demand = 4 units
2. 0.21 falls between 0.05 and 0.23 → Demand = 8 units
3. 0.35 falls between 0.23 and 0.45 → Demand = 12 units
4. 0.50 falls between 0.45 and 0.85 → Demand = 16 units
5. 0.60 falls between 0.45 and 0.85 → Demand = 16 units
6. 0.77 falls between 0.45 and 0.85 → Demand = 16 units
7. 0.10 falls between 0 and 0.23 → Demand = 8 units
8. 0.86 falls between 0.85 and 1.00 → Demand = 20 units
9. 0.12 falls between 0 and 0.23 → Demand = 8 units
10. 0.95 falls between 0.85 and 1.00 → Demand = 20 units
Step 4: Result of the Simulation
The demand for the next 10 days, based on the generated random numbers, will be:
· Day 1: 4 units
· Day 2: 8 units
· Day 3: 12 units
· Day 4: 16 units
· Day 5: 16 units
· Day 6: 16 units
· Day 7: 8 units
· Day 8: 20 units
· Day 9: 8 units
· Day 10: 20 units
This is a simulation of the daily demand for the next 10 days based on the given probability distribution and random numbers.

Section A – Q. No. 6 
A bakery produces fresh sandwiches every day. Past sales data show:
	Daily Demand 
	10
	20
	30
	40
	50
	60

	Probability 
	0.05
	0.15
	0.25
	0.35
	0.15
	0.05


Simulate demand for the next 12 days using any set of random numbers.
Solution:  To simulate demand for the next 12 days for the bakery's andwiches, we will follow the steps. 
Step 1: Assign Probability Intervals
First, we calculate the cumulative probabilities for each demand value:
	Daily Demand
	Probability
	Cumulative Probability
	Cumulative Probability Interval 

	10
	0.05
	0.05
	0.00 – 0.04

	20
	0.15
	0.20
	0.05 – 0.19

	30
	0.25
	0.45
	0.20 – 0.44

	40
	0.35
	0.80
	0.45 – 0.79

	50
	0.15
	0.95
	0.80 – 0.94   

	60
	0.05
	1.00
	0.95 – 0.99



Step 2: Generate Random Numbers
Next, we'll generate 12 random numbers between 0 and 1. Let's assume the following random numbers for the next 12 days:
Random Numbers:0.03, 0.12, 0.22, 0.58, 0.72, 0.90, 0.04, 0.14, 0.33, 0.61, 0.77, 0.98
Step 3: Map Random Numbers to Demand Values
Now, we map each random number to the corresponding demand based on the cumulative probability intervals:
1. 0.03 falls between 0 and 0.05 → Demand = 10 units
2. 0.12 falls between 0.05 and 0.20 → Demand = 20 units
3. 0.22 falls between 0.20 and 0.45 → Demand = 30 units
4. 0.58 falls between 0.45 and 0.80 → Demand = 40 units
5. 0.72 falls between 0.45 and 0.80 → Demand = 40 units
6. 0.90 falls between 0.80 and 0.95 → Demand = 50 units
7. 0.04 falls between 0 and 0.05 → Demand = 10 units
8. 0.14 falls between 0.05 and 0.20 → Demand = 20 units
9. 0.33 falls between 0.20 and 0.45 → Demand = 30 units
10. 0.61 falls between 0.45 and 0.80 → Demand = 40 units
11. 0.77 falls between 0.45 and 0.80 → Demand = 40 units
12. 0.98 falls between 0.95 and 1.00 → Demand = 60 units
Step 4: Result of the Simulation
The demand for the next 12 days, based on the generated random numbers, will be:
	Day 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Demand (Units )
	10
	20
	30
	40
	40
	50
	10
	20
	30
	40
	40
	60


This is the simulation of the daily sandwich demand for the next 12 days, based on the given probability distribution and the random numbers provided.

Section A (4Marks):Q No. 7.  Explain Monte -Carlo Technique.
Solution:   Monte-Carlo Technique
The Monte-Carlo Technique is a statistical simulation method used to solve quantitative problems involving uncertainty and risk by using random numbers and probability distributions.
It is mainly used when mathematical solutions are difficult or impossible to obtain.
The technique is named after Monte Carlo Casino in Monaco, because the method is based on randomness similar to games of chance.
Definition
Monte-Carlo Technique is a method of simulating a real system by generating random numbers according to given probability distributions and observing the outcomes over a large number of trials.
Steps in Monte-Carlo Simulation
1. Identify the problem and define the objective.
2. Construct a probability distribution for uncertain variables.
3. Compute cumulative probabilities.
4. Assign random number intervals to each outcome.
5. Generate random numbers.
6. Simulate the process using random numbers.
7. Analyze the results and draw conclusions.
Example: 
   A company faces uncertain daily demand:
	Demand (Units)
	Probability
	Cumulative Probability
	Random Number Interval 

	100
	0.2
	0.2    
	00 - 19

	150
	0.5
	0.7     
	20 - 69

	200
	0.3
	1.00   
	70 - 99



Using random numbers:
· 00–19 → 100 units
· 20–69 → 150 units
· 70–99 → 200 units
Suppose the generated random numbers are 15, 45, 82, 67, 23
Corresponding demand: 100, 150, 200, 150, 150
By repeating this process many times, the company can estimate:
· Average demand
· Expected profit
· Risk of loss

Applications
· Inventory control
· Finance and risk analysis
· Project management
· Insurance
· Stock market analysis
· Business forecasting

Advantages
· Useful under uncertainty
· Simple and flexible
· Handles complex problems
· Helps in risk analysis
Limitations
· Time-consuming
· Requires large number of trials
· Results are approximate
· Depends on quality of input data

Conclusion
The Monte-Carlo Technique is an important simulation method widely used in business, economics, engineering, and management to analyse uncertain situations and support decision-making.

Section A: 4 Marks:  Q No. 8.    Describe the uses of simulation
Solution: 
Simulation is widely used foranalysing complex systems and supporting decision-making under uncertainty. The important uses of simulation are:
1. Decision Making under Uncertainty
Simulation helps managers evaluate different alternatives when outcomes are uncertain.
2. Inventory Control
It is used to determine optimal stock levels, reorder points, and to minimize shortage and holding costs.
3. Queue Management
Simulation helps study waiting lines in banks, hospitals, and service centres to reduce waiting time and improve service efficiency.
4. Project Management
It is used to estimate project completion time and analyse risks in large projects.
5. Financial and Risk Analysis
Businesses use simulation to estimate profit, loss, investment risk, and market fluctuations.
6. Production Planning
It helps in capacity planning, scheduling, and improving manufacturing efficiency.

Conclusion
Thus, simulation is an important tool in business, economics, engineering, and management for analyzing real-world problems and improving decision-makingwithout disturbing the actual system.

Section A : Q. No. 9.
A medical shop records the demand for a vitamin supplement as: 
	Daily Demand
	5
	10
	15
	20
	25
	30

	Probability
	0.10
	0.22
	0.28
	0.25
	0.12
	0.03


Simulate the next 10 days of demand and find the average demand.
Solution:  
To simulate the next 10 days of demand, we use the random number simulation method.
Step 1: Construct Cumulative Probability Distribution
	Daily Demand
	Probability
	Cumulative Probability
	Random Number Range

	5
	0.10
	0.10
	00 – 09

	10
	0.22
	0.32
	10 – 31

	15
	0.28
	0.60
	32 – 59

	20
	0.25
	0.85
	60 – 84

	25
	0.12
	0.97
	85 – 96

	30
	0.03
	1.00
	97 – 99



Step 2: Generate Random Numbers (Example)
Assume the following random numbers for 10 days:
	Day
	Random Number
	Demand

	1
	18
	10

	2
	74
	20

	3
	03
	5

	4
	55
	15

	5
	81
	20

	6
	92
	25

	7
	47
	15

	8
	68
	20

	9
	36
	15

	10
	12
	10



Step 3: Total and Average Demand
Total Demand
= 10 + 20 + 5 + 15 + 20 + 25 + 15 + 20 + 15 + 10
= 155
Average Demand :
= Total Demand / Number of Days= 155 / 10= 15.5
 Average simulated demand = 15.5 units per day

Section A : Q. No. 10.
A grocery store monitors the sale of milk packets per day: 
	Daily Demand
	50
	75
	100
	125
	150

	Probability
	0.12
	0.20
	0.40
	0.18
	0.10


Simulate demand for the next 15 days.
Solution :
To simulate the demand for the next 15 days, follow the steps below.
Step 1: Construct Cumulative Probability and Random Number Intervals
	Daily Demand
	Probability
	Cumulative Probability
	Random Number Range

	50
	0.12
	0.12
	00 – 11

	75
	0.20
	0.32
	12 – 31

	100
	0.40
	0.72
	32 – 71

	125
	0.18
	0.90
	72 – 89

	150
	0.10
	1.00
	90 – 99



Step 2: Generate Random Numbers and Determine Demand
Assume the following random numbers for 15 days:
	Day
	Random Number
	Demand

	1
	08
	50

	2
	26
	75

	3
	45
	100

	4
	73
	125

	5
	67
	100

	6
	91
	150

	7
	38
	100

	8
	14
	75

	9
	82
	125

	10
	59
	100

	11
	33
	100

	12
	06
	50

	13
	88
	125

	14
	41
	100

	15
	24
	75



Step 3: Total and Average Demand
Total Demand
= 50 + 75 + 100 + 125 + 100 + 150 + 100 + 75 + 125 + 100 + 100 + 50 + 125 + 100 + 75  =1450
Average Demand = = 96.67 ≈ 97 packets per day
Simulated average demand ≈ 97 milk packets per day.

Section A (4 Marks)
Q. No. 11 :
A hardware shop keeps stock of LED bulbs. The demand data are: | 
	Daily Demand
	2
	4
	6
	8
	10
	12

	Probability
	0.08
	0.12
	0.30
	0.28
	0.15
	0.07


   Simulate the next 10 days demand.


Solution :
Step 1: Construct Cumulative Probability Distribution

	Daily Demand
	Probability
	Cumulative Probability
	Random Number Range

	2
	0.08
	0.08
	00 – 07

	4
	0.12
	0.20
	08 – 19

	6
	0.30
	0.50
	20 – 49

	8
	0.28
	0.78
	50 – 77

	10
	0.15
	0.93
	78 – 92

	12
	0.07
	1.00
	93 – 99



  Step 2: Random Numbers for 10 Days (Assumed)
	Day
	Random Number
	Demand

	1
	05
	2

	2
	14
	4

	3
	36
	6

	4
	72
	8

	5
	83
	10

	6
	95
	12

	7
	48
	6

	8
	63
	8

	9
	21
	6

	10
	79
	10



Step 3: Simulated Demand
Total Demand= 2 + 4 + 6 + 8 + 10 + 12 + 6 + 8 + 6 + 10= 72
Average Demand= = 7.2 bulbs per day
Simulated demand for 10 days = 72 bulbs
Average daily demand = 7.2 bulbs

Section A Q. No. 12 :
The demand for a toy in a children's store is:
	Daily Demand
	3
	6
	9
	12
	15

	Probability
	0.10
	0.25
	0.35
	0.20
	0.10



 Simulate demand for the next 10 days.
Solution:  
To simulate the demand for the next 10 days, we follow the standard random number simulation procedure.
1. Probability Distribution
	Daily Demand
	Probability
	Cumulative Probability

	3
	0.10
	0.10

	6
	0.25
	0.35

	9
	0.35
	0.70

	12
	0.20
	0.90

	15
	0.10
	1.00








2. Assign Random Number Intervals (00–99)

	Daily Demand
	Random Number Interval

	3
	00 – 09

	6
	10 – 34

	9
	35 – 69

	12
	70 – 89

	15
	90 – 99



4. Simulation Table
	Day
	Random Number
	Demand

	1
	38
	9

	2
	12
	6

	3
	75
	12

	4
	04
	3

	5
	66
	9

	6
	92
	15

	7
	48
	9

	8
	27
	6

	9
	83
	12

	10
	59
	9




5. Total and Average Demand
Total Demand for 10 days
= 9 + 6 + 12 + 3 + 9 + 15 + 9 + 6 + 12 + 9= 90 toys. 
Average Daily Demand= 90 / 10 = 9 units
Result:The simulated demand for the next 10 days is 90 toys, with an average demand of 9 toys per day.

Section A :  Q. No. 13 
A company tracks the sale of water bottleseach day: 
	Daily Demand
	100
	150
	200
	250
	300
	350

	Probability
	0.07
	0.18
	0.40
	0.20
	0.10
	0.05


Simulate demand for the next 8 days.
Solution :
To simulate the demand for water bottles for the next 8 days, follow the simulation procedure.
Probability Distributionand Random Number Interval
	Daily Demand
	Probability
	Cumulative Probability
	Random Number Interval

	100
	0.07
	0.07
	00 – 06

	150
	0.18
	0.25
	07 – 24

	200
	0.40
	0.65
	25 – 64

	250
	0.20
	0.85
	65 – 84

	300
	0.10
	0.95
	85 – 94

	350
	0.05
	1.00
	95 – 99



3. Random Numbers for 8 Days(Assumed random numbers)
18, 73, 04, 56, 91, 67, 30, 96
Simulation Table
	Day
	Random Number
	Demand

	1
	18
	150

	2
	73
	250

	3
	04
	100

	4
	56
	200

	5
	91
	300

	6
	67
	250

	7
	30
	200

	8
	96
	350



4. Total Simulated Demand
Total Demand = 150 + 250 + 100 + 200 + 300 + 250 + 200 + 350 = 1800 bottles
Average Daily Demand = 1800 / 8 = 225 bottles

Q. No. 14: Briefly explain any two methods of generating random numbers.
Solution: 
Random numbers are essential in simulation, especially in the Monte-Carlo technique. Two important methods of generating random numbers are:

1. Mid–Square Method
· A seed number (initial number) is selected.
· The seed number is squared.
· The middle digits of the squared number are taken as the next random number.
· This process is repeated to generate a sequence of random numbers.
Example:
If the seed is 25,  
The middle two digits (62) become the next random number.This method is simple but may not generate long sequences.
2. Linear Congruential Method (LCG)
This is a widely used method based on the formula:
Where:
· = current random number
· = multiplier
· = increment
· = modulus
· 
This method produces a long sequence of random numbers and is commonly used in computers.
Example (Mathematical Solution)
Let:,,,(seed value)
Using the formula:
Let 
Find  :  : Find  : 
Find :
Find  :  =

Generated Random Numbers 
Random Numbers in Decimal Form:
To convert into random numbers between 0 and 1:
For example:  Put n = 1 and m = 16, we get,  
	           Put n = 2 and m = 16, we get,  
Conclusion
The Linear Congruential Method generates a sequence of pseudo-random numbers using a simple recursive formula. It is widely used in computer simulations because it is easy to implement and produces long sequences when parameters are properly chosen.

Section A(4 Marks): Q. No. 15:Write the steps of simulation
Solution: 
The main steps involved in simulation are:
1. Define the Problem
Clearly identify the system to be studied and state the objectives of the simulation.
2. Construct the Model
Develop a mathematical or logical model representing the real system.
3. Collect Data
Gather relevant data and determine probability distributions for uncertain variables.
4. Generate Random Numbers
Use appropriate methods (such as LCG) to generate random numbers required for simulation.
5. Run the Simulation
Conduct simulation experiments for a large number of trials.
6. Analyse the Results
Interpret the results and draw conclusions for decision-making.

Thus, simulation involves systematic steps from problem identification to result analysis for effective decision-making.






Section B – Q. No.2  (6 Marks) 
Suppose that the sales of a particular item per day is poisson with mean 5 generate 20 days of sales by Monte carlo simulation.  
Solution:  
To simulate 20 days of sales when daily demand follows a Poisson distribution with mean (λ) = 5, we use the Monte Carlo simulation method.
Step 1: Poisson Probability Distribution (λ = 5)

P(X=x)=x!e−55x​P(X=x)=e−55xx!P(X=x)=\frac{e^{-5}5^x}{x!}P(X=x)=x!e−55x​Bottom of Form

Approximate probabilities and cumulative probabilities:
	Sales (x)
	P(x)
	Cumulative P(x)
	Random Number Interval (00–99)

	0
	0.0067
	0.0067
	00

	1
	0.0337
	0.0404
	01–03

	2
	0.0842
	0.1246
	04–12

	3
	0.1404
	0.2650
	13–26

	4
	0.1755
	0.4405
	27–44

	5
	0.1755
	0.6160
	45–61

	6
	0.1462
	0.7622
	62–76

	7
	0.1044
	0.8666
	77–86

	8
	0.0653
	0.9319
	87–93

	9
	0.0363
	0.9682
	94–96

	10
	0.0181
	0.9863
	97–98

	11+
	~0.0137
	~1.00
	99


Step 2: Generate Random Numbers (00–99)
Assume the following 20 random numbers:
12, 45, 63, 08, 77, 34, 56, 90, 23, 41, 67, 88, 15, 72, 59, 04, 95, 28, 61, 83
Step 3: Map Random Numbers to Sales
	Day
	Random Number
	Sales

	1
	12
	2

	2
	45
	5

	3
	63
	6

	4
	08
	2

	5
	77
	7

	6
	34
	4

	7
	56
	5

	8
	90
	8

	9
	23
	3

	10
	41
	4

	11
	67
	6

	12
	88
	8

	13
	15
	3

	14
	72
	6

	15
	59
	5

	16
	04
	2

	17
	95
	9

	18
	28
	4

	19
	61
	5

	20
	83
	7


Simulated sales for 20 days:
2, 5, 6, 2, 7, 4, 5, 8, 3, 4, 6, 8, 3, 6, 5, 2, 9, 4, 5, 7.

Section B – Q. No.3  (6 Marks) 
Suppose the demand for a particular item is normally distributed with a mean 175 units and standard deviation of 25 units per day. Stimulate the demand for next 20 days
Solution:  
To simulate demand for the next 20 days when the demand follows a normal distribution with a mean of 175 units and a standard deviation of 25 units, we can use the Monte Carlo simulation method by generating random values from the normal distribution.
Step 1: Normal Distribution
The normal distribution is defined by the formula: X∼N(μ, σ2).
Step 2: Using Random Numbers
We use random numbers to generate demand values based on the normal distribution. To do this, we can use the Box-Muller transform or other methods, but I'll use a built-in simulation process to generate 20 random values from this distribution.
The formula for generating normally distributed values using random variables is:
X =μ +σ⋅Z,  WhereZ is a standard normal random variable (mean = 0, standard deviation = 1).
Step 3: Generate the Random Numbers and Simulate the Demand
Let’s assume the following 20 random numbers from a standard normal distribution (Z):
Random Standard Normal Numbers (Z):
0.31, -1.04, 1.26, 0.19, 0.75, 0.42, -0.80, -0.91, 0.51, 1.38,
-1.25, 0.77, 1.50, 0.35, 0.28, -0.38, 0.65, -1.16, 0.89, 0.43
Now, applying the normal distribution transformation formula X=175+25⋅Z, we get the following simulated demand for the next 20 days:
	Day
	Random Z
	Demand (X = 175 + 25 * Z)

	1
	0.31
	175 + 25 * 0.31 = 187.75

	2
	-1.04
	175 + 25 * -1.04 = 150.00

	3
	1.26
	175 + 25 * 1.26 = 206.50

	4
	0.19
	175 + 25 * 0.19 = 180.75

	5
	0.75
	175 + 25 * 0.75 = 206.25

	6
	0.42
	175 + 25 * 0.42 = 191.00

	7
	-0.80
	175 + 25 * -0.80 = 140.00

	8
	-0.91
	175 + 25 * -0.91 = 131.75

	9
	0.51
	175 + 25 * 0.51 = 198.75

	10
	1.38
	175 + 25 * 1.38 = 245.00

	11
	-1.25
	175 + 25 * -1.25 = 118.75

	12
	0.77
	175 + 25 * 0.77 = 219.25

	13
	1.50
	175 + 25 * 1.50 = 237.50

	14
	0.35
	175 + 25 * 0.35 = 189.25

	15
	0.28
	175 + 25 * 0.28 = 187.00

	16
	-0.38
	175 + 25 * -0.38 = 154.50

	17
	0.65
	175 + 25 * 0.65 = 216.25

	18
	-1.16
	175 + 25 * -1.16 = 104.00

	19
	0.89
	175 + 25 * 0.89 = 221.25

	20
	0.43
	175 + 25 * 0.43 = 191.25


Step 5: Result of the Simulation
The simulated demand for the next 20 days is as follows:
· Day 1: 187.75 units
· Day 2: 150.00 units
· Day 3: 206.50 units
· Day 4: 180.75 units
· Day 5: 206.25 units
· Day 6: 191.00 units
· Day 7: 140.00 units
· Day 8: 131.75 units
· Day 9: 198.75 units
· Day 10: 245.00 units
· Day 11: 118.75 units
· Day 12: 219.25 units
· Day 13: 237.50 units
· Day 14: 189.25 units
· Day 15: 187.00 units
· Day 16: 154.50 units
· Day 17: 216.25 units
· Day 18: 104.00 units
· Day 19: 221.25 units
· Day 20: 191.25 units
These values represent the simulated demand for the next 20 days, generated using the Monte Carlo simulation based on the given normal distribution.
Section B – Q. No. 7  (6 Marks) 
A study of the time required to service customers by adding up the bills ,receiving payments and placing packages yields the following distribution.Estimate the average percentage customer waiting time and average percentage idle time of the server by simulation for the next 10 arrivals.
Solution :
To estimate the average percentage customer waiting time and average percentage idle time of the server by simulation, we normally need three pieces of information:
1. Inter-arrival time distribution of customers
2. Service time distribution
3. Random numbers (or probability ranges) for simulation
Your question currently states only the problem description but the required table (distribution values) is missing.
Typically the question should include something like:
	Inter-arrival Time (minutes)
	Probability

	1
	0.20

	2
	0.30

	3
	0.25

	4
	0.15

	5
	0.10

		Service Time (minutes)
	Probability

	2
	0.25

	3
	0.35

	4
	0.25

	5
	0.15



	

	random numbers for 10 customers.
Then we would perform the following simulation steps:
Step 1: Construct cumulative probability and random number ranges
Example:
	Inter-arrival time
	Probability
	Cumulative probability
	Random number range

	1
	0.20
	0.20
	00–19

	2
	0.30
	0.50
	20–49

	3
	0.25
	0.75
	50–74

	4
	0.15
	0.90
	75–89

	5
	0.10
	1.00
	90–99


Do the same for service time.  
Step 2: Use the given random numbers: Convert random numbers into
Inter-arrival times,  Service times
Step 3: Construct simulation table
	Cust.
	RN (IA)
	Inter-arrival
	Arrival time
	RN (ST)
	Service time
	Service begins
	Service ends
	Waiting time
	Idle time


Compute:
· Arrival time = Previous arrival + Inter-arrival time
· Service begins = max(Arrival time, previous service end)
· Waiting time = Service begin − Arrival time
· Idle time = Service begin − Previous service end (if positive)

To perform the simulation for the next 10 arrivals, the probability distributions and random numbers must be given. Since they were not included earlier, I will illustrate the complete simulation procedure with a standard example format so that the method can be followed in examinations.
Step 1: Inter-Arrival Time Distribution
	Inter-arrival time (minutes)
	Probability
	Cumulative Probability
	Random Number Range

	1
	0.10
	0.10
	00–09

	2
	0.20
	0.30
	10–29

	3
	0.30
	0.60
	30–59

	4
	0.25
	0.85
	60–84

	5
	0.15
	1.00
	85–99


Step 2: Service Time Distribution
	

	
	

	
	

	
	

	
	

	Service time (minutes)
	Probability
	Cumulative Probability
	Random Number Range

	2
	0.20
	0.20
	00–19

	3
	0.30
	0.50
	20–49

	4
	0.30
	0.80
	50–79

	5
	0.20
	1.00
	80–99


Step 3: Random Numbers for 10 Customers
Inter-arrival random numbers:
12, 67, 45, 83, 25, 90, 34, 71, 56, 18
Service time random numbers:
21, 65, 34, 87, 45, 72, 19, 55, 61, 28
Using the ranges we obtain:
	Cust.
	RN(IA)
	Inter-arrival
	Arrival time
	RN(ST)
	Service time

	1
	12
	2
	2
	21
	3

	2
	67
	4
	6
	65
	4

	3
	45
	3
	9
	34
	3

	4
	83
	4
	13
	87
	5

	5
	25
	2
	15
	45
	3

	6
	90
	5
	20
	72
	4

	7
	34
	3
	23
	19
	2

	8
	71
	4
	27
	55
	4

	9
	56
	3
	30
	61
	4

	10
	18
	2
	32
	28
	3


Step 4: Simulation Table
	Cust.
	Arrival
	Service begins
	Service ends
	Waiting time
	Idle time

	1
	2
	2
	5
	0
	2

	2
	6
	6
	10
	0
	1

	3
	9
	10
	13
	1
	0

	4
	13
	13
	18
	0
	0

	5
	15
	18
	21
	3
	0

	6
	20
	21
	25
	1
	0

	7
	23
	25
	27
	2
	0

	8
	27
	27
	31
	0
	0

	9
	30
	31
	35
	1
	0

	10
	32
	35
	38
	3
	0


Totals:
Total waiting time = 11 minutes ,Total idle time = 3 minutes, Total service time = 35 minutes, Total simulation time = 38 minutes
Step 5: Required Percentages
Average Customer Waiting Time
Average waiting time=11 / 10=1.1 minutes
Percentage Customer Waiting Time
(11 / 38)  ×100=28.95%
Percentage Idle Time of Server
(3 / 38) ×100=7.89%

Section C – Q. No. 2  (10 Marks) 
An automobile production turns about 100 cars a day but deviation occurs owing to many
causes .The production is more accurately described by the probability distribution<span
class='math'>\left ( \begin{matrix} Production /day & Probability \\95& 0.03 \\ 96& 0.05
\\ 97&0.07 \\ 98 & 0.10 \\ 99 & 0.15 \\ 100 & 0.20 \\101 & 0.15\\ 102 & 0.10\\ 103 &
0.07\\104 & 0.05\\ 105& 0.03\end{matrix} \right )</span>Finished car are transported
across the bay at the end of each day by ferry.If the ferry has space for only 101 cars.what
will be the average number of cars waiting to be shipped and what will be the average
number of empty spaces on the ship?
Solution:  
Let
· XXX = number of cars produced per day.
· Ferry capacity = 101 cars.
Two cases occur:
1. If production >101 → extra cars must wait.
Waiting cars = X−101
2. If production <101 → ferry has empty spaces.
Empty spaces = 101−X

1. Average Number of Cars Waiting
Waiting occurs when production is 102, 103, 104, 105.
	Production (X)
	Probability
	Cars Waiting (X-101)
	Contribution

	102
	0.10
	1
	0.10

	103
	0.07
	2
	0.14

	104
	0.05
	3
	0.15

	105
	0.03
	4
	0.12



E(waiting)=0.10+0.14+0.15+0.12
 E(waiting) = 0.51
Average cars waiting = 0.51 cars per day
2. Average Empty Spaces on Ferry
Empty spaces occur when production is 95–100.
	Production (X)
	Probability
	Empty Spaces (101-X)
	Contribution

	95
	0.03
	6
	0.18

	96
	0.05
	5
	0.25

	97
	0.07
	4
	0.28

	98
	0.10
	3
	0.30

	99
	0.15
	2
	0.30

	100
	0.20
	1
	0.20


E(empty spaces)=0.18+0.25+0.28+0.30+0.30+0.20
 E(empty) = 1.51 
✅ Average empty spaces on the ferry = 1.51 spaces per day
Final Answer
· Average number of cars waiting to be shipped = 0.51 cars/day
· Average number of empty spaces on the ferry = 1.51 spaces/day
Section C – Q. No. 3  (10 Marks) 
A scooter manufacturing unit produces around 80 scooters per day, but the output varies due to machine downtime and material delays. The daily production is described by the following probability distribution

	
Production/day
	75
	76
	77
	78
	79
	80
	81
	82
	83
	84
	85

	Probability
	0.03
	0.05
	0.07
	0.10
	0.15
	0.20
	0.15
	0.10
	0.07
	0.05
	0.03



Finished scooters are transported each evening by a truck that can carry 82 scooters.
Solution:  
Truck capacity = 82 scooters
Let X  = number of scooters produced per day.
Two situations:
· If Production > 82 → scooters wait
Waiting scooters = X−82
· If Production < 82 → empty spaces in truck
Empty spaces = 82−X 
1. Average Number of Scooters Waiting
Waiting occurs when production is 83, 84, 85
	Production (X)
	Probability
	Waiting (X-82)
	Contribution

	83
	0.07
	1
	0.07

	84
	0.05
	2
	0.10

	85
	0.03
	3
	0.09


E(waiting)=0.07+0.10+0.09
E(waiting)=0.26 
✅ Average scooters waiting = 0.26 scooters per day
2. Average Empty Spaces in the Truck
Empty spaces occur when production is 75–81
	Production (X)
	Probability
	Empty (82-X)
	Contribution

	75
	0.03
	7
	0.21

	76
	0.05
	6
	0.30

	77
	0.07
	5
	0.35

	78
	0.10
	4
	0.40

	79
	0.15
	3
	0.45

	80
	0.20
	2
	0.40

	81
	0.15
	1
	0.15


E(empty)=0.21+0.30+0.35+0.40+0.45+0.40+0.15
E(empty)=2.26 
✅ Average empty spaces = 2.26 spaces per day
Final Answer
Average scooters waiting to be shipped = 0.26 scooters/day
Average empty spaces in the truck = 2.26 spaces/day
Section C – Q. No. 4  (10 Marks) 
A bicycle factory produces around 120 units per day, with variation described below:
| Production/day | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 | 124 | 125 |
| Probability | 0.03 | 0.05 | 0.08 | 0.10 | 0.14 | 0.20 | 0.15 | 0.12 | 0.07 | 0.04 | 0.02 |
A truck with a capacity of 122 bicycles carries the daily output.
Find the average number of bicycles waiting, and the average empty spaces on the truck.
Solution :
Truck capacity = 122 bicycles
Let X = number of bicycles produced per day.
Two cases: 
· If Production > 122 → bicycles wait
Waiting bicycles =X−122 
· If Production < 122 → empty spaces in truck
Empty spaces =122−X 
. Average Number of Bicycles Waiting
Waiting occurs when production is 123, 124, 125
	Production (X)
	Probability
	Waiting (X-122)
	Contribution

	123
	0.07
	1
	0.07

	124
	0.04
	2
	0.08

	125
	0.02
	3
	0.06


E(waiting)=0.07+0.08+0.06 
E(waiting)=0.21
✅ Average bicycles waiting = 0.21 bicycles per day
2. Average Empty Spaces on the Truck
Empty spaces occur when production is 115–121
	Production (X)
	Probability
	Empty (122-X)
	Contribution

	115
	0.03
	7
	0.21

	116
	0.05
	6
	0.30

	117
	0.08
	5
	0.40

	118
	0.10
	4
	0.40

	119
	0.14
	3
	0.42

	120
	0.20
	2
	0.40

	121
	0.15
	1
	0.15


E(empty)=0.21+0.30+0.40+0.40+0.42+0.40+0.15
E(empty)=2.28 
✅ Average empty spaces = 2.28 spaces per day
Final Answer
· Average number of bicycles waiting = 0.21 bicycles/day
· Average number of empty spaces on the truck = 2.28 spaces/day
Section C – Q. No. 5 (10 Marks) 
 A laptop assembly unit produces:
| Production/day | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 |
| Probability | 0.04 | 0.06 | 0.10 | 0.15 | 0.20 | 0.18 | 0.12 | 0.10 | 0.05 |
A transport van can carry 50 laptops daily.  Find the expected waiting units and empty spaces
Solution :
Van capacity = 50 laptops
Let X = number of laptops produced per day.
Two cases:
· If Production > 50 → laptops wait
Waiting units =X−50
· If Production < 50 → empty spaces in the van
Empty spaces =50−X
1. Expected Waiting Units
Waiting occurs when production is 51, 52, 53
	Production (X)
	Probability
	Waiting (X-50)
	Contribution

	51
	0.12
	1
	0.12

	52
	0.10
	2
	0.20

	53
	0.05
	3
	0.15


E(waiting)=0.12+0.20+0.15
 E(waiting)=0.47 
✅ Expected waiting laptops = 0.47 units/day
2. Expected Empty Spaces in Van
Empty spaces occur when production is 45–49
	Production (X)
	Probability
	Empty (50-X)
	Contribution

	45
	0.04
	5
	0.20

	46
	0.06
	4
	0.24

	47
	0.10
	3
	0.30

	48
	0.15
	2
	0.30

	49
	0.20
	1
	0.20


E(empty)=0.20+0.24+0.30+0.30+0.20
E(empty)=1.24
Expected empty spaces = 1.24 spaces/day

Final Answer
· Expected waiting laptops = 0.47 units/day
· Expected empty spaces in the van = 1.24 spaces/day












image1.png
IS5y rou5.c ot




