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SIMULATION 

Simulation is the representation of a real-life system by another system, which depicts the important 
characteristics of the real system and allows experimentation on it. In other words, simulation is an imitation 
of the reality. Though the formal use of the simulation technique is not very old, simulation has long been used 
by the researchers, analysts, designers and other professionals in the physical and non-physical 
experimentations and investigations. In our day-to-day life, we use simulation, even without realizing it. 

 

MODELING 

A model is a representation of the construction and working of some system of interest. One purpose of a 
model is to enable the analyst to predict the effect of changes to the system. On the one hand, a model should 
be a close approximation to the real system and incorporate most of its salient features. Generally, a model 
intended for a simulation study is a mathematical model developed with the help of simulation software. 

 

Reasons for Simulation 

Simulation modelling solves real-world problems safely and efficiently. It provides an important method of 
analysis which is easily verified, communicated, and understood. Across industries and disciplines, simulation 
modelling provides valuable solutions by giving clear insights into complex systems. 

Simulation enables experimentation on a valid digital representation of a system. Unlike physical modelling, 
such as making a scale copy of a building, simulation modelling is computer based and uses algorithms and 
equations. Simulation software provides a dynamic environment for the analysis of computer models while 
they are running, including the possibility to view them in 2D or 3D. 

Scientists use simulations all the time. For example, you could input the laws of gravitation into a computer, 
and use it to create a 3D simulation of the planets of the solar system orbiting the Sun. Then you could fire 
asteroids through the solar system and see what happens. These are the kinds of simulations that save us a lot 
of work 

Simulations are also used by private businesses, especially for safety tests. There's no point in building a car 
and then finding out that your design is so unsafe it will never be allowed on the road. Instead, one of the first 
steps is to use computer simulations to make sure your design is at least safe in theory. 

 

The System 

System is a set of techniques that uses computers to imitate the operations of various real-world tasks or 
processes through simulation. 

A system is a collection of components wherein individual components are constrained by connecting 
interrelationships such that the system as a whole fulfils some specific functions in response to varying 
demands. 



 

 

In each system, there are some distinct components, which are of interest in a particular investigation. While 
the term entity is used to denote the component of interest, the property of interest of the entity is called its 
attribute. There can be many attributes to an entity. In a traffic system vehicle say buses, trucks and cars may 
be the entities while speed, distance moved, noise produced, exhausted emission, number of accidents etc. 
may be the attributes of each entity. 

Some other terms, which are frequently encountered while dealing with a system, are given below: 

Queue: It is a situation, where entities wait for some thing to happen. It may be physical queue of people or 
of objects or a list of tasks to be performed. 

Creating: Creating is causing an arrival of a new entity to the system at some point in time. 

Scheduling: Scheduling is the process of assigning events to the existing entities, like the service begin and 
service end times. 

Random variable: It is a variable with uncertain magnitude, whose quantitative value changes at random. 
The inter arrival times of vehicles arriving at a petrol pump or the life of electric bulbs are random variables. 

Random variate: Random variate is a variable generated by using random numbers along with its probability 
density function. 

Distribution: It is a mathematical law which governs and defines probabilistic features of the random 
variables. It is also called probability density function. 

Let us take an example of a petrol pump, where vehicles arrive at random for getting petrol or diesel. In this 
case, 

Entities are vehicles which will comprise of various types of four, three and two wheelers. 

Events are arrival of vehicles, service beginning, service ending, departure of vehicles. 

States or state variables are the number of vehicles in the system at a particular time, number of vehicles 
waiting, number of workers busy etc. 

Attributes is type of vehicle four, two-wheeler, petrol or diesel, size of fuel tank etc. 

Queue is vehicles waiting in front of the pump. 

Random variable, inter arrival times of vehicles, service times and billing times etc. 

Distribution may be one of the many statistical probability density functions. 

 

Continuous (time-oriented) and Discrete (event) Systems 

A discrete-event simulation models the operation of a system as a sequence of events in time. Each event 
occurs at a particular instant in time and marks a change of state in the system. Between consecutive events, 
no change in the system is assumed to occur, thus the simulation time can directly jump to the occurrence time 
of the next event. 



 

 

A continuous system is one in which the state variable(s) change continuously over time. E.g. the amount of 
water flow over a dam. 

Continuous Simulation refers to a computer model of a physical system that continuously 
tracks system response according to a set of equations typically involving differential equations. 

 

Difference between Continuous and Discrete systems 

Continuous (time-oriented) Discrete (event) 

System in which the state of the system changes 
continuously with time. 

Systems in which the state changes abruptly at 
discrete points in time. 

Variable changes with time and any type of variation 
is not found in the input and output signal. 

The state of variables in discrete system changes 
only at a discrete set of points in time. 

Models are by definition stochastic in nature.  Models are deterministic. 

System structure is fixed. The process is fixed. 

An example of such a system is an airplane moving 
through the air. 

An example of such a system is the number of 
customers in a post office. The number of customers 
only changes when someone enters the post office or 
finishes its business at the counter. 

  

Modelling 

Modeling is the process of creating and analyzing a digital prototype of a physical model to predict its 
performance in the real world. The models used for analysis of various types of systems have been classified 
in a number of ways. 

Types of models 

 



 

 

Physical and Mathematical Models 

Physical model: A physical model is a constructed copy of an object that represents that object. It can be 
larger than the object, smaller, or the same size. They can have moving parts, have water flowing through 
them, or even be robotic. They are used for experiments, visualization, or for education. 

Mathematical Model: A mathematical model is a description of a system using mathematical concepts and 
language. Mathematical modeling is an abstract representation of a system based on mathematical terms in 
order to study the effects of different components and consequently to make predictions. 

 

Static and Dynamics Models 

Static Model: A static model represents a system, which does not change with time or represents the system 
at a particular point in time. It is sometimes called Monte Carlo simulation. Static models describe system 
mathematically, in terms of equations, where the potential effect of each alternative is ascertained by a single 
computation of the equation. 

Dynamic Model: Dynamic models whose structure changes over time are based on non-stationary or time-
varying differential or difference equations. Dynamic modeling is a software representation of the dynamic or 
time-based behaviour of a system. While a static model is a mathematical model and involves a single set of 
computations of the equations. 

 

Analytical and Numerical Models 

The mathematical models which can be solved by employing analytical techniques of mathematical are called 
analytical models, while the models which requires the application of numerical methods are called numerical 
models. The numerical techniques involve the application of computational procedures to solve the 
mathematical equations which can be handled only by computers. 

 

Deterministic and Stochastic models 

Deterministic models: A deterministic model is one in which the values for the dependent variables of the 
system are completely determined by the parameters of the model. 

A deterministic model is a model that gives you the same exact results for a particular set of inputs, no matter 
how many times you re-calculate it. 

Stochastic Models: In stochastic simulation models, there are one or more random input variables, which lead 
to random outputs. Stochastic modeling is used in a variety of industries around the world. The insurance 
industry, for example, relies heavily on stochastic modeling to predict how company balance sheets will look 
at a given point in the future. 

 

System Simulation 



 

 

Systems simulation is a set of techniques that uses computers to imitate the operations of various real-world 
tasks or processes through simulation. Computers are used to generate numeric models for the purpose of 
describing or displaying complex interaction among multiple variables within a system. 

 

Rates and System Dynamics 

System dynamics is an approach to modeling systems that emphasizes their feedback loops. It is particularly 
well suited to modeling social problems like sustainability. A sample model and its output graph are shown 
below. 

 

This is about the simplest model possible. The two variables of Population and birth rate form a feedback loop. 
The third variable, fractional birth rate, is a constant. Population is what's called a "stock" so it's a box. It 
accumulates what flows into it minus what flows out of it. In this case there is only a flow into Population, the 
straight arrow. The little valve icon is a rate, it equals Population times the fractional birth rate. 

For the simulation run shown the initial Population was 10 and the fractional birth rate was 1%. The run ran 
for 500 years. The graph shows how exponential growth caused Population to grow slowly at first, and then 
accelerate and run off the graph. This is similar to what's happened to global population. 
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CONCEPTS IN SIMULATION 

Simulation is an indispensable problem-solving methodology for the solution of many real-world problems. 
Daily we benefit from the result of many simulations like for instance, simulation of a loan or the weather 
forecast. Probably the most famous and successful simulation product in history is the video game. Who has 
never played video game? In video games, scenarios are created from real systems or imaginary systems, with 
many entities (people, cars, monsters, etc.), where the players play the same game many times but always with 
different results (the player may lose or win, win with a better or a lower score, etc.). 

 

Stochastic Variable 

Stochastic variables are built into the model prior to run time as endogenous stochastic forms, 
cumulative probability distributions presumed to possess the desired statistical properties. Consequently, 
modeling effort is concentrated on producing the desired effect, with the result that cause, which forms the 
core of the physical system, is disregarded. Hypothetically, the model produces typical results, and modelers 
are obligated to demonstrate that model response is not significantly different from that of the physical system. 
Most simulation texts present statistical validation tests. 

 

Discrete vs Continuous Probability 

If a variable can take any value between two specified values, it is called a continuous, otherwise it is called 
a discrete. 

 Suppose the fire department mandates that all fire fighters must weigh between 150 and 250 pounds. 
The weight of a fire fighter would be an example of a continuous variable; since a fire fighter's weight 
could take on any value between 150 and 250 pounds. 

 Suppose we flip a coin and count the number of heads. The number of heads could be any integer value 
between 0 and plus infinity. However, it could not be any number between 0 and plus infinity. We 
could not, for example, get 2.5 heads. Therefore, the number of heads must be a discrete variable. 

If a random variable is a discrete variable, its probability is called a discrete probability. An example will 
make this clear. Suppose you flip a coin two times. This simple statistical experiment can have four possible 
outcomes: HH, HT, TH, and TT. Now, let the random variable X represent the number of Heads that result 
from this experiment. The random variable X can only take on the values 0, 1, or 2, so it is a discrete random 
variable. 

If a random variable is a continuous variable, its probability is called a continuous probability. A continuous 
probability differs from a discrete probability in several ways. 

 The probability that a continuous random variable will assume a particular value is zero. 

 As a result, a continuous probability cannot be expressed in tabular form. 

 Instead, an equation or formula is used to describe a continuous probability. 



 

 

Most often, the equation used to describe a continuous probability is called a probability density function. 
Sometimes, it is referred to as a density function, a PDF. 

For example, consider the probability density function shown in the graph below. Suppose we wanted to know 
the probability that the random variable X was less than or equal to a. The probability that X is less than or 
equal to a is equal to the area under the curve bounded by a and minus infinity - as indicated by the shaded 
area. 

 

 

Monte Carlo Simulations 

The technique ‘Monte Carlo’ derives its name from the city of Monte Carlo in the principality of Monaco, 
France, famous for gambling and its casino. Gambling is the game of probability and random sampling and so 
is the Monte Carlo Method. 

Monte Carlo Simulation is a mathematical technique that generates random variables for modelling risk or 
uncertainty of a certain system. It is the most tenable method used when a model has uncertain parameters, or 
a dynamic complex system needs to be analysed. It is a probabilistic method for modelling risk in a system. 

A Simple Example: Rolling Dice 

As a simple example of a Monte Carlo simulation, consider calculating the probability of a particular sum of 
the throw of two dice (with each die having values one through six). In this particular case, there are 36 
combinations of dice rolls: 

 

Based on this, you can manually compute the probability of a particular outcome. For example, there are six 
different ways that the dice could sum to seven. Hence, the probability of rolling seven is equal to 6 divided 
by 36 = 0.167. 

Instead of computing the probability in this way, however, we could instead throw the dice a hundred times 
and record how many times each outcome occurs. If the dice totaled seven 18 times (out of 100 rolls), we 
would conclude that the probability of rolling seven is approximately 0.18 (18%). Obviously, the more times 



 

 

we rolled the dice, the less approximate our result would be. Better than rolling dice a hundred times, we can 
easily use a computer to simulate rolling the dice 10,000 times (or more). Because we know the probability of 
a particular outcome for one die (1 in 6 for all six numbers), this is simple. 

 

Monte Carlo Methods 

Monte Carlo method is a mathematical algorithm based on random trials or samplings to determine the 
numerical results. Monte Carlo methods use random numbers, so to implement a Monte Carlo method, it is 
necessary to have a source of random numbers. 

An Irregular Figure 

Let us consider a very simple case of determining the area of a plane. 

 

In a relatively simple figure, the area could be measured by planimetry or the trapezoid rule, but random 
sampling gives the same results. Place the figure inside a square with the base of two units, and arrange to plot 
on the figure, a series of points determined by random sampling from a set of numbers ranging from −1 to +1. 
After many samples, say 1000, there will be a distribution of points resembling the few shown in the figure. 
Because the distribution is random, the ratio of the number of points in the irregular figure to the total number 
of points will be the same as the ratio of the two areas. Because the area of the square is known, it is possible 
to determine the area of the irregular figure. 

Numerical Integration by Monte Carlo Method 

The application of Monte Carlo Method for the integration of a function, can best be illustrated with the help 
of an example. Let us consider a simple case of a single variable function. 

𝐼 =  𝑥 𝑑𝑥 =  𝑓(𝑥)𝑑𝑥 

The exact value of the integral, 𝐼 =  = 152.25 



 

 

This function 𝑓(𝑥) =  𝑥  is plotted in figure below. 

The area under the curve between the limits x= 2 and x = 5, shown shaded is the value of the integral. The 
value of the area can be obtained in the same way as of irregular figure.  

Let this area be enclosed in a rectangle ABCD, whose area is known (140 × 3 = 420). The darts are thrown 
at random on to the figure. Let N darts fall in the rectangle ABCD and out of these let M darts fall in the shaded 
area. In other words, out of N random marks made on ABCD, M marks lie in the shaded area. 

Then, the ratio of the shaded area I to the area A of rectangle ABCD is M to N. 

The correctness of the result will depend upon the number of trails that is darts thrown. Larger the value of N 
more accurate will be the result. 

 

 

Estimation of Pi 

The idea is to simulate random (x, y) points in a 2-D plane with domain as a square of side 1 unit. Imagine a 
circle inside the same domain with same diameter and inscribed into the square. We then calculate the ratio of 
number points that lied inside the circle and total number of generated points. 

We know that area of the square is 1-unit sq while that of circle is 𝜋 ×  ( )  =   . 

The beauty of this algorithm is that we don’t need any graphics or simulation to display the generated points. 
We simply generate random (x, y) pairs and then check if 𝑥 + 𝑦  ≤ 1. If yes, we increment the number of 
points that appears inside the circle. In randomized and simulation algorithms like Monte Carlo, the more the 
number of iterations, the more accurate the result is. Thus, the title is “Estimating the value of Pi” and not 
“Calculating the value of Pi” 



 

 

 

Normally Distributed Random Numbers 

There are a large number of real-life situations, where the behaviour of the system is described by normal 
probability distribution. The marks obtained by students in a class, number of defective parts produced, 
dimensions of parts made on a machine, number of bombs hitting a target area etc. are generally described by 
the normal distribution. The value of variate y is calculated as, 

𝑦 =  𝜇 +  𝜎 𝑟 − 6 ,     𝑖 = 1,2, … … 12. 

In this method 12 random numbers are used to generate one value. 

The alternative method is the use of random numbers, which themselves are normally distributed about a mean 
of zero. 

𝑦 = 𝜇 + 𝜎𝑧 

Where z is a random normal number. In small simulations, where computations involving normal distribution 
are to be carried out. 

 

Monte Carlo V/S Stochastic Simulations 

 

Monte Carlo Simulation Stochastic Simulation 

Monte Carlo method is considered to be a method of 
solving deterministic problems by employing 
random numbers. 

The stochastic simulation is used for finding the 
solution to a problem by employing random 
numbers, when the problems are stochastic. 

It has been employed in a wide range of situations 
varying from economics to nuclear physics. 

It is synonym for random while the stochastic 
process is a particular type of model. 



 

 

It introduces randomness to a deterministic problem 
in order to make it easier to solve. 

It is simulating a system with random elements. It 
differs from Monte Carlo because the randomness 
exists in the problem. 

Example: Calculating 𝜋 using a circle. Example would be a random number generator. 
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QUEUING MODELS 

A queuing system is a system in which customers arrive, wait if that service is not immediately available, 
receive the necessary service and then depart. 

 

Introduction to Arrival and Departure Time 

 

RANDOM NUMBERS 

A random number is a number generated by a process, whose outcome is unpredictable, and which cannot be 
subsequentially reliably reproduced. 

A random number is a number generated using a large set of numbers and a mathematical algorithm which 
gives equal probability to all numbers occurring in the specified distribution. Random numbers are most 
commonly produced with the help of a random number generator. 

 

Mid-Square Random Number Generator 

The method comprises of starting with n-digit number, squaring it and taking the n digits in the middle as the 
next number, which is then squared to obtain the next number. This works as follows: 

1. Start with a four-digit number x called the seed. 
2. Square it to obtain an eight-digit number (add a leading zero if necessary). 
3. Take the middle four digits as the next random number. Continuing in this manner, we obtain a 

sequence that appears to be random over the integers from 0 to 9999. 

Let’s say x = 2041 

Squaring it, we get 

04165681 

Picking up middle four digits 

1656 

So, we can generate random numbers by this method, as much as we want. 

We can use more then four digits if we wish, but we always take the middle number of digits equals to the 
number of digits in the seed. 

 

Residue Method or Congruence Method 



 

 

The most commonly employed pseudo random number generators use the congruence method also called as 
the method of power residues. 

𝑟 = (𝑎𝑟 + 𝑏)𝑚𝑜𝑑𝑢𝑙𝑜 𝑚 

Where, a, b and m are constants, ri and ri+1 are ith and (i+1)th random numbers. The congruential random 
number generator may be of the additive, multiplicative or mixed type. The above expression is for mixed 
type. 

If a = 1 the expression reduces to additive type. 

𝑟 = (𝑟 + 𝑏)𝑚𝑜𝑑𝑢𝑙𝑜 𝑚 

If b=0 the expression reduces to the multiplicative congruential method. 

𝑟 = 𝑎𝑟  𝑚𝑜𝑑𝑢𝑙𝑜 𝑚 

The multiplicative method is considered better than the additive methods and are as good as the mixed 
methods. 

The selection of values for the constants a, b and m is very important, because on them depends the length of 
the sequence of random numbers, after which the sequence repeats. 

Let’s take an example for mixed type. 

Taking a = 13, b = 1 and m = 19 

And let r0 = 1 

𝑟 = (1 × 13 + 1)𝑚𝑜𝑑 19 = 14            𝑚𝑜𝑑 19 = 0         𝑟𝑒𝑠𝑖𝑑𝑢𝑒 14 = 14 

𝑟 = (14 × 13 + 1)𝑚𝑜𝑑 19 = 183            𝑚𝑜𝑑 19 = 9         𝑟𝑒𝑠𝑖𝑑𝑢𝑒 12 = 12 

𝑟 = (12 × 13 + 1)𝑚𝑜𝑑 19 = 157            𝑚𝑜𝑑 19 = 8         𝑟𝑒𝑠𝑖𝑑𝑢𝑒 5 = 5 

  . 

  . 

  . 

  . 

𝑟 = (0 × 13 + 1)𝑚𝑜𝑑 19 = 01            𝑚𝑜𝑑 19 = 0         𝑟𝑒𝑠𝑖𝑑𝑢𝑒 1 = 01 

 

This sequence of random numbers between 0 and 18 both inclusive will continue repeating. 

Same example with multiplicative method. 

𝑟 = 𝑎𝑟  𝑚𝑜𝑑 𝑚 

a = 13, m = 19 and seed r0 = 1 

𝑟 = (13 × 1) 𝑚𝑜𝑑 19 = 0                 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 13 = 13 



 

 

𝑟 = (13 × 13) 𝑚𝑜𝑑 19 = 8                𝑟𝑒𝑠𝑖𝑑𝑢𝑒 18 = 18 

𝑟 = (13 × 18) 𝑚𝑜𝑑 19 = 12                𝑟𝑒𝑠𝑖𝑑𝑢𝑒 6 = 6 

    . 

    . 

    . 

𝑟 = (13 × 3) 𝑚𝑜𝑑 19 = 2                𝑟𝑒𝑠𝑖𝑑𝑢𝑒 1 = 1 

After this the sequence will repeat forever. 

 

Now, solving this by Additive Method. 

m = 19 and b = 11 and seed r0 = 1 

𝑟 = (1 + 11) 𝑚𝑜𝑑 19 = 12 

𝑟 = (12 + 11) 𝑚𝑜𝑑 19 = 4 

𝑟 = (4 + 11) 𝑚𝑜𝑑 19 = 15 

     . 

     . 

     . 

𝑟 = (8 + 11) 𝑚𝑜𝑑 19 = 1 

 

Arithmetic Congruential Generator 

Another kind of pseudo random number generator is the arithmetic congruential algorithm, which is given as, 

𝑟 = (𝑟 + 𝑟 ) 𝑚𝑜𝑑 𝑚 

The process starts with two random numbers, which are added and divide by m with the residue giving the 
third number. Then 2nd and 3rd numbers result into 4th number and so on. 

For example, 

If r1 = 9, r2 = 13 and m = 17 

𝑟 = (9 + 13) 𝑚𝑜𝑑 17 = 5 

𝑟 = (13 + 5) 𝑚𝑜𝑑 17 = 1 

𝑟 = (5 + 1) 𝑚𝑜𝑑 17 = 6 

      . 



 

 

      . 

      . 

𝑟 = (3 + 16) 𝑚𝑜𝑑 17 = 2 

This results into quite a long sequence. 

 

Combined Linear Congruential Generators 

Combined linear congruential generators, as the name implies, are a type of pseudorandom number generator 
that combine two or more linear congruential generators. The combination of two or more linear congruential 
generators into one random number generator can result in a marked increase in the period length of the 
generator which makes them better suited for simulating more complex systems. The combined linear 
congruential generator algorithm is defined as: 

𝑟 = (−1) 𝑟 , 𝑚𝑜𝑑 𝑚 − 1 

With 

𝑅 =

⎩
⎨

⎧
𝑟

𝑚
,       𝑟 > 0

𝑚 − 1

𝑚
   𝑟 = 0

 

The maximum possible period for such a generator is 

𝑃 =
(𝑚 − 1)(𝑚 − 1) … … . (𝑚 − 1)

2 − 1
 

 

Chi-Square Test 

The Chi-Square test uses the sample statistics 

𝜒 =
(𝑂 − 𝐸 )

𝐸
 

where 

    Oi = Observed Number 

    Ei = Expected Number 

    n = Number of classes 

𝐸 =
𝑁

𝑛
 



 

 

Where N is the total number of observations. 

Chi-Square is a characteristic of the distribution, which is a measure of its randomness. The statistic Chi-
Square is computed by subtracting the numbers of random numbers in each class from the expected number, 
then squaring the difference. 

Example 

The two-digit random numbers generated by a multiplicative congruential method are given below. Determine 
Chi-Square, is it acceptable at 95% confidence level? 

 

Chi-Square =  = 7.8 

For 9 (10-1) degree of freedom, at 95% confidence level, the acceptable value of Ch-Square is 16.9, which is 
more than 7.8. Hence, the given set of random numbers is acceptable. 
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DISCRETE EVENT SYSTEM SIMULATION 

Discrete event simulation (DES) is the process of codifying the behaviour of a complex system as an ordered 
sequence of well-defined events. In this context, an event comprises a specific change in the system's state at 
a specific point in time. 

Discrete event simulation (DES) is a method of simulating the behaviour and performance of a real-life 
process, facility or system. 

Components and Organization of a Discrete-Event Simulation Model 

Although simulation has been applied to a great diversity of real-world systems, discrete-event simulation 
models all share a number of common components and there is a logical organization for these components 
that promotes the programming, debugging and future changing. 

System State: The collection of state variables necessary to describe the system at a particular time. 

Simulation Clock: A variable giving the current value of simulated time. 

Event List: A list containing the next time when each type of event will occur. 

Statistical Counters: Variables used for storing statistical information about system performance. 

Initialization routine: A subprogram to initialize the simulation model at time 0. 

Timing Routine: A subprogram that determines the next event from the event list and then advances the 
simulation clock to the time when that event is to occur. 

Event routine: A subprogram that updates the system state when a particular type of event occurs. 

Library Routine: A set of subprograms used to generate random observations from probability distributions 
that were determined as part of the simulation model. 

Report generator: A subprogram that computes estimates of the desired measures of performance and 
produces a report when the simulation ends. 

Main Program: A subprogram that invokes the timing routines to determine the next event and then transfers 
control to the corresponding event routine to update the system state appropriately. 

The flow of control among these components are shown below. The simulation begins at time 0 with main 
program invoking the initialization routine, where the simulation clock is set to zero, the system state and the 
statistical counters are initialized, and the event list is initialized. 



 

 

 

 

Applications of discrete event simulation 

• It is used by operation research workers to study large complex systems which cannot be studied by 
analytical method.  

• In inventory control.  
• Study of sea and airport.  
• Steel melting stuffs.  
• Telephone exchanges.  
• Production line.  
• Project scheduling etc. 

Discrete event 

We can define a discrete event as a set of circumstances, that causes an instantaneous change in one or more 
system script descriptors. It is possible that two different events occur simultaneously or are modeled as being 
simultaneous. The simulation proceeds by executing all the changes to the system descriptors associated with 
each event, as the events occur, in chronological order. 

 



 

 

Representation of Time 

In simulation, the passage of time is recorded by a number referred to as clock time. It is usually set to zero at 
the beginning of a simulation and subsequently indicates how many units of simulated times has passed since 
the beginning of the simulation. The term simulation time means the indicated clock time and not the time a 
computer has taken to carry out the simulation. As a rule, there is no direct connection between the simulated 
time and the time taken to carry out the computations. Depending upon the nature of the system being 
simulated, and the detail to which it is modeled, the ratio to the simulated time to the real time taken can vary 
enormously. 

For example, the simulation of an economic system, where events have been aggregated to occur once a year, 
a hundred years of operation could easily be performed in a few minutes of calculations. 

Two basic methods exist for updating simulation clock: 

3. The 1st method is referred to as next event method and 

4. The 2nd method is referred to as fixed time step method. 

Next event method also called event-oriented method and fixed time step method also called interval-oriented 
method. 

Next event method advances the clock to the time at which the next event is due to occur. This method is used 
by all major simulation software. 

Fixed time step method advances the clock by small (usually uniform) intervals of time and determine at each 
interval whether an event is due to occur at that time. If one or more events were scheduled to have occurred 
during this interval, these events are considered to occur at the end of the interval and system state (and 
statistical counters) are updated accordingly. 

 

Generation of Arrival Patterns 

An important aspect of discrete system simulation is the generation of exogenous arrivals. One approach is 
trace driven simulation. In this approach the sequence of arrival patterns have been generated from 
observations on a system. Program monitors can be incorporated with, or attached to, the running system to 
extract the data with little or no disturbance of the system operation. 

When there is no interaction between the exogenous arrivals and the endogenous events of the system, it is 
permissible to create a sequence of arrivals in preparation for the simulation. Usually, the simulation proceeds 
by creating new arrivals as they are needed. 

Another approach is called bootstrapping. This is the process of making one entity create its successor. The 
method requires keeping only the arrival time of the next entity. In this method the exogenous arrival of an 
entity is defined as an event and the arrival time of the next entity is recorded as one of the event times. When 
the clock time reaches this event time, the event of entering the entity into the system is executed, and the 
arrival time of the following entity is immediately calculated from the inter-arrival time distribution. 



 

 

The arrival entity usually needs to have some attribute values generated, in which case, attention must be paid 
to the time at which the values are generated. They could be generated at the time the arrival time is calculated, 
or they could be generated when the entity actually arrives. 

 

Simulation of Telephone System 

The System has a number of Telephone connecting to a switch board by lines. A switch has a number of links 
which can be used to connect any two lines subject to the condition that only one connecting at a time can be 
made to each line. It assumes that it lost call system i.e. any call that can be connected at time immediately it 
abandons. A call may be lost because no link is available it is called as a lost call. 

The object of the simulation is to process a given number of calls and determine what proportion are 
successfully completed block or busy. The current state of the system is that lne-2 is connected to line-5 and 
a line-4 is connected to line-7. Each line is treated as an entity and it’s availability is an attribute a table of 
numbers is establish which show the current status of each line. A zero in the table means the line is free and 
where 1 means it is busy. 

 

To keep track of event the number of representing currently the clock time 5 1027.The unit of time is taken to 
be in second. There is a list of call in progress showing which line call is connected and the time each call 
finishes. The arrival of call is generated by the boot strapping technique. 

There are 2 activities causing event.  

1. New calls can arrive  
2. Existing calls can finish  

There are 3-future events: 



 

 

• The call between lines 2 and 5 is due to finish at time 1053. 
• The call between line 4 and 7 is due to finish at time 1075.  
• A new call is due to arrive at time 1057. 

The simulation proceeds by exhibiting a cycle of state to simulate each event. 

Steps: 

1. Find the next potential event.  
2. Select an activity.  
3. Test if the event can be executed.  
4. Change the system event.  
5. Gather statistics. 

The simulation will be run until a given number of calls have been processed or until the simulation time has 
elapsed. 

 

Delayed Call 

Suppose the telephone system is modified so that cannot be connected are not loosed instead the wait until 
they can be connected, they have called as delayed calls. To keep records of these delayed calls a delayed 
call list is made. When a call completely ends, it is necessary to check the delayed call list to see if a waiting 
call can be connected. 

 

Gathering Statistics 

Commonly required statistics which are usually included in the output of a simulation are as follows: 

1. Counts- giving the number of entities of a particular type or the number of times some event 
occurred. 

2. Summary measures- such as extreme values, mean values, and standard deviations. 

3. Utilization- defined as the fraction (or percentage) of time some entity is engaged. 

4. Occupancy- defined as the fraction (or percentage) of a group of entities in use on the average. 

5. Distributions- of important variables, such as queue lengths or waiting times. 

6. Transit times- defined as the time taken for an entity to move from one part of the system to some 
other part. 

Measuring Utilization and Occupancy 

Occupancy is calculated as a percentage and represents the amount of time that advisors spend on call-
related activity while they are logged in and expected to be taking calls. “Call-related activity” includes talk 
time, hold time and wrap time. It is often referred to as “productive time”. 



 

 

Like occupancy, utilisation is calculated as a percentage. However, it differs from occupancy as utilisation 
instead represents the amount of time that advisors spend logged-in, handling and expecting contacts, while 
present in the contact centre. 

 

GPSS 

GPSS (General Purpose Simulation System) language is developed by IBM Corporation. The system to be 
simulated in GPSS is described as a block diagram in which the blocks represent the activities and lines 
joining the blocks indicate the sequence in which the activities can be executed. 

 

  



 

 

Short questions carrying 2 marks: 

Q. What kind of problems are with simulations? 

Ans.   

1. Simulation does not produce optimum results. When the model deals with uncertainties, the results of 
simulation are only reliable estimates subject to statistical errors. 

2. In very large and complex problems, the large number of variables and the inter relationships between 
them make the problem very unwieldy. 

3. Simulation is by no means of a cheap method of analysis. 
4. Too much tendency to rely on the simulation models. 

Q. What is the state of a system? 

Ans. A system state is a set of variables that captures the salient properties of the system to be studied. 
The state trajectory over time S(t) can be mathematically represented by a step function whose value can 
change whenever an event occurs. 

The collection of state variables necessary to describe the system at a particular time. 

Q. Explain the discrete and continuous system? 

Ans. In discrete systems, both input and output signals are discrete signals. The variables in the discrete 
systems vary with time. In this type of system, the changes are predominantly discontinuous. The state of 
variables in discrete system changes only at a discrete set of points in time.  

Continuous systems are those types of systems in which input, and output signals are the same at both the 
ends. In this type of system, variable changes with time and any type of variation is not found in the input and 
output signal. In response to the input signal, a continuous system generates an output signal. 

Q. What is the cost analysis? 

Ans. Cost analysis help to determine and understand the incurred costs and the value derived from a proposed 
activity, acquisition or investment. Once conducted, they allow organisations or their financiers to investigate 
different scenarios and determine the most cost-effective way forward. 

Q. Define feedback system and its applications? 

Ans. Feedback systems have a closed loop structure that bring results from past action of the system back to 
control future action – so feedback systems are influenced by their own past behaviour. Extending the blind 
control example, a feedback system would be a system that not only opens the blinds when the sun rises, but 
also adjusts the blinds during the day to ensure the room is not subjected to direct sunlight. 

Q. What do you mean by a system modeling? 

Ans. System modeling is the process of developing abstract models of a system, with each model presenting 
a different view or perspective of that system. It is about representing a system using some kind of graphical 
notation. Models help the analyst to understand the functionality of the system, they are used to communicate 
with customers. 

Q. Name any five blocks in GPSS (General Purpose Simulation System). 



 

 

Ans. GENERATE, ADVANCE, SEIZE, RELEASE, TERMINATE. 

Q. Monte Carlo is the special case of Stochastic simulation. Comment? 

Ans. Monte Carlo Simulation is the most tenable method used when a model has uncertain parameters, or a 
dynamic complex system needs to be analysed. It is a probabilistic method for modelling risk in a system. The 
method is used extensively in a wide variety of fields such as physical science, computational biology, 
statistics, artificial intelligence, and quantitative finance. It is pertinent to note that Monte Carlo Simulation 
provides a probabilistic estimate of the uncertainty in a model. 

Q. What are the measures of effectiveness? 

Ans. Evaluating the effectiveness of simulations used to raise situational awareness. It is designed to 
correspond to accomplishment of mission objectives and achievement of desired results. They quantify the 
results to be obtained by a system and may be expressed as probabilities that the system will perform as 
required. 

Q. What do you mean by Simulation clock? 

Ans. There are three types of simulation clocks in Cameo Simulation Toolkit: 

 Built-in clock. This is the default simulation clock. 

 Internal simulation clock. This clock is designed to precisely control the simulation time. Its 
implementation is based on UML run-to-completion semantics and internal completion events. 

 Model-based clock. You can select the model-based clock by making the property as the time value 
tag definition of a simulation config. See Model-based Clock for further details on the model-based 
clock.  

Q. Name the two approaches for the simulation clock advancing? 

Ans. Fixed-increment time advance: Under this approach stimulation clock advances a specified unit of time 
t for representing exact increment. 

Next-event time advance: Next event time advances mechanism estimates the time of futuristic events that are 
going to happen on the basis of a list of events. 

Q. What is the difference between analytical methods and simulation? 

Ans. Both analytical and simulation methods are modelling approaches which aim at providing an idea of 
system performance, in different conditions. 

The beauty of the analytical model is that it provides a generic way to get performance results in various 
conditions through a mathematical formulation. The accuracy of the model is to be considered through the 
validity of the assumption to derive the mathematical formulation. 

Simulation models provide results for a specific use case and should be run many times to counterbalance the 
effect of numerical calculations. For a different functioning use case, the simulation should be run over again. 

Q. What are discrete probability functions? 



 

 

Ans. A discrete probability function is a function that can take a discrete number of values (not necessarily 
finite). This is most often the non-negative integers or some subset of the non-negative integers. Discrete 
probability functions are referred to as probability mass functions. 

Q. How simulation helps in time-to-market industry? 

Ans. Simulation is the key to shortening time to market as it will accelerate the workflow from design to 
prototype. The simulation market is evolving in numerous directions, incorporating new capabilities and 
predictive models, leveraging machine learning and artificial intelligence, reducing barriers to adoption and 
ease of use as well as expanding its value to larger audiences within an organization through collaboration and 
data accessibility. 


