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Abstract- Modelling and Simulation in Engineering aims 

at providing a forum for the discussion of formalisms, 

methodologies and simulation tools that are intended to 

support the new, broader interpretation of Engineering. 

Competitive pressures of Global Economy have had a 

profound effect on the manufacturing with much of the 

production being outsourced. In this context the 

traditional interpretation of engineering profession linked 

to the actual manufacturing needs to be broadened to 

include the integration of outsourced components and the 

consideration of logistic, economical and human factors 

in the design of engineering products and services. 

Modelling and Simulation in Engineering intends to 

report leading-edge scientific contributions from 

mathematics, computer science, various sub-disciplines of 

engineering, management, psychology and cross-cultural 

communication, all of which focus on the modelling and 

simulation of human-centred engineering systems. This 

paper mainly concern with modelling and simulation of 

physical systems in a very wide range of applications, 

encompassing micro-electro-mechanical systems, 

measurement instrumentations, catalytic reactors, 

biomechanical applications, biological and chemical 

sensors, magneto sensitive materials, silicon photonic 

devices, electronic devices, optical fibers, electro-micro 

fluidic systems, composite materials, fuel cells, indoor air-

conditioning systems, active magnetic levitation systems 

and more. Some of the most recent numerical techniques, 

as well as some of the software among the most accurate 

and sophisticated in treating complex systems, are applied 

in order to exhaustively contribute in knowledge 

advances. 
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I. INTRODUCTION  

This science goes beyond the traditional separation 

between social and physical sciences, since some 

properties of collective systems are explained with 

the formation of recurrent network structures and co-

evolving phenomena. Moreover, the study of systems 

requires a multi-level, multi-domain approach to 

scientific research and gives great importance to a 

micro-level detailed description of the world. 

This approach is of great usefulness both in 

the exploration of sciences whose prediction 

capabilities are nowadays lacking, like economics or 

sociology, and in traditional 'predictive' sciences, like 

physics, whose nowadays challenges mainly deals 

with complexity and non-linearity. So studying 

phenomena, characterised by the interaction of many 

individuals, the micro simulation assumes a crucial 

role and computers become more and more scientific 

instruments. The analysis of such systems requires 

high detailed models in order to increase the realism 

of the assumptions they are based on. These 

assumptions may regard the way the atomic elements 

of the model perceive and behave, or the interaction 

structure itself. The close relationships among 

ecological, economical, biological and social aspects 

of reality are an example of how complexity has to 

face the radical openness of reality. 

After some consideration regarding a meaningful 

way of putting System, Model, and Simulation in an 

appropriate perspective I arrived at the following 

distinction. 

 A system exists and operates in time and 

space.  

 A model is a simplified representation of a 

system at some particular point in time or 

space intended to promote understanding of 

the real system.  

 A simulation is the manipulation of a model 

in such a way that it operates on time or 

space to compress it, thus enabling one to 

perceive the interactions that would not 

otherwise be apparent because of their 

separation in time or space.  

Modelling and Simulation is a discipline for 

developing a level of understanding of the interaction 

of the parts of a system, and of the system as a whole. 

The level of understanding which may be developed 

via this discipline is seldom achievable via any other 

discipline. 

A system is understood to be an entity which 

maintains its existence through the interaction of its 

parts. A model is a simplified representation of the 

actual system intended to promote understanding. 

Whether a model is a good model or not depends on 

the extent to which it promotes understanding. Since 

all models are simplifications of reality there is 

always a trade-off as to what level of detail is 

included in the model. If too little detail is included in 

the model one runs the risk of missing relevant 

interactions and the resultant model does not promote 

understanding. If too much detail is included in the 

model the model may become overly complicated 

and actually preclude the development of 

understanding. One simply cannot develop all models 

in the context of the entire universe, of course unless 

you name is Carl Sagan. 

 A simulation generally refers to a 

computerized version of the model which is run over 
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time to study the implications of the defined 

interactions. Simulations are generally iterative in 

there development. One develops a model, simulates 

it, learns from the simulation, revises the model, and 

continues the iterations until an adequate level of 

understanding is developed. 

 Modelling and Simulation is a discipline, it 

is also very much an art form. One can learn about 

riding a bicycle from reading a book. To really learn 

to ride a bicycle one must become actively engaged 

with a bicycle. Modelling and Simulation follows 

much the same reality. You can learn much about 

modelling and simulation from reading books and 

talking with other people. Skill and talent in 

developing models and performing simulations is 

only developed through the building of models and 

simulating them. It's very much a learn as you go 

process. From the interaction of the developer and the 

models emerges an understanding of what makes 

sense and what doesn't. 

I am repeatedly amazed at the ability of my 

models to point out my own ignorance. Through the 

activity of developing the model and then simulating 

it, the simulation says, "Based on your model and 

your set of assumptions, reality is absurd!" Often 

times the model is grossly incorrect, and other times 

the model produces great leaps in my understanding 

of how things actually work, and, quite often contrary 

to common sense.  

II. MODELING 

Modeling is the process of producing a model; a 

modelis a representation of the construction and 

working ofsome system of interest. A model is 

similar to butsimpler than the system it represents  

The process of making and testing 

hypotheses about models and then revising designs 

ortheories has its foundation in the experimental 

sciences. Similarly, computational scientists use 

modelling to analyze complex, real-world problems 

in order to predict whatmight happen with some 

course of action. One purpose of amodel is to enable 

the analyst to predict the effect ofchanges to the 

system. On the one hand, a model shouldbe a close 

approximation to the real system andincorporate most 

of its salient features. On the otherhand, it should not 

be so complex that it is impossible tounderstand and 

experiment with it. A good model is 

ajudicioustradeoff between realism and simplicity. 

Simulation practitioners recommend 

increasing thecomplexity of a model iteratively. An 

important issue in modelling is model validity. Model 

validation techniquesinclude simulating the model 

under known inputconditions and comparing model 

output with system output. 

Generally, a model intended for a simulation 

studyis a mathematical model developed with the 

help of simulation software. Mathematical model 

classificationsinclude deterministic (input and output 

variables arefixed values) or stochastic (at least one 

of the input oroutput variables is probabilistic); static 

(time is not taken into account) or dynamic (time-

varying interactions among variables are taken into 

account). Typically, simulation models are stochastic 

and dynamic. 

A. Models Uses 

 To understand the behaviour of an existing 

system (why does my networkperformance 

die when more than 10 people are at work?) 

 To predict the effect of changes or upgrades 

to the system (will spending 100,000on a 

new switch cure the problem?) 

 To study new or imaginary systems (let’s 

bin the Ethernet and design our ownscalable 

custom routing network) 

B. Model Classifications 

Several classification categories for models exist. A 

system we are modelling exhibits probabilistic or 

stochastic behaviour if an element of chance exists. 

For example, the path of a hurricane is probabilistic. 

In contrast, a behaviour can be deterministic, such as 

the position of a falling object in a vacuum. 

Similarly, models can be deterministic or 

probabilistic. A probabilistic or stochastic model 

exhibits random effects, while a deterministic model 

does not. The results of a deterministic model depend 

on the initial conditions; and in the case of computer 

implementation with particular input, the outputis the 

same for each program execution. As we studied this 

and other modules, we can have a probabilistic model 

for a deterministic situation, such as a model that 

uses random numbers to estimate the area under a 

curve. 

C. Computer Workload and Preparation of its 

Models 

All simulation studies begin with a specification of 

objectives and problem formulation. Model 

development including conceptualization and 

implementation follows the formulation. Data are 

collected from the real world early during model 

development to adequately provide the parameters of 

the model entities. Decisions need to be made during 

the implementation phase on the choice of the 

platform, language, analysis methods, etc. The 

implemented model must be verified for accuracy 

and validated for correspondence to the real-world 

system being represented.  

The simulation is run several times and statistical 

analyses of the output data are conducted before a 

modeller provides recommendations based on the 

simulation study. The processes involved in 

simulation modelling and analysis are not strictly 

linear. An analyst may iterate between different 

stages in computer simulation development including 

problem formulation, model abstraction, 

implementation, verification and validation, and 

output analysis. The different stages are detailed 

below: 
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 Analyze the Problem 

 Formulate a Model 

 Gather Data 

 Make Simplifying Assumptions and 

Document them 

 Model Abstraction 

 Determine Variables and Units 

 Solve the Model 

 Model Implementation 

 Verify and Interpret the Model’s Solution 

 Execution 

 Output Analysis 

 Report on the Model 

III. SIMULATION 

Computer simulation is a powerful methodology for 

designing and analysing systems. The overall 

approach in computer simulation is to represent the 

dynamiccharacteristics of a real world system in a 

computer model. The model is subjected to 

experiments to obtain predictive information useful 

in making informed decision making about the 

characteristics of the real system. Simulations are 

suitable for problems in which there are no closed-

form analytical solutions. Since most dynamic 

problems in practice cannot be represented and 

solved fully using mathematical equations, computer 

simulation is a powerful and flexible methodology in 

complex systems analysis. 

A simulation of a system is the operation of 

a model of the system. The model can be 

reconfigured and experimented with; usually, this is 

impossible, too expensive or impractical to do in the 

system it represents. The operation of the model can 

be studied, and hence, properties concerning the 

behavior of the actual system or its subsystem can be 

inferred. In its broadest sense, simulation is a tool to 

evaluate the performance of a system, existing or 

proposed, under different configurations of interest 

and over long periods of real time. Simulation is used 

before an existing system is altered or a new system 

built, to reduce the chances of failure to meet 

specifications, to eliminate unforeseen bottlenecks, to 

prevent under or over-utilization of resources, and to 

optimize system performance. 

The scientific method of simulation Axelrod 

(1997) does not limit himself to consider simulation 

as a new language for science, but he suggests that it 

is the third way of doing science. He says that 

simulation is a third research methodology. Like 

deduction, it starts with a set of explicit 

assumptions. But unlike deduction, it does not 

prove theorems. Instead, simulation generates 

data that can be analyzed inductively. Unlike 

typical induction, however, the simulated data 

come from a specified set of rules rather than 

direct measurement of the real world. While 

induction can be used to find patterns in data, 

and deduction can be used to find consequences 

of assumptions, simulation modelling can be 

used to aid intuition. 

A. Formal Definition 

Simulation can be broadly defined as a technique for 

studying real-world dynamical systems by imitating 

their behavior using a mathematical model of the 

system implemented on a digital computer.  

Simulation can also be viewed as a numerical 

technique for solving complicated probability 

models, ordinary differential equation and partial 

differential equation, analogously to the way in 

which we can use a computer to numerically evaluate 

the integral of a complicated function. That’s why 

science of simulation is considered as an 

interdisciplinary subject a shown in Figure 1. 

 
Figure 1: Simulation is Interdisciplinary 

 

Simulations can be classified into continuous and 

discrete simulations.  In continuous simulations, the 

state variables, i.e., the collection of variables needed 

to describe the system, change continuously over 

time and the behaviour of the system is typically 

described by differential equations. Examples of 

continuous systems include the modelling of thermal 

or hydraulic systems. 

Discrete simulations are event-driven where 

the state variables change at discrete time points. 

Examples of discrete-event simulations include 

service industry applications such as queues in a 

grocery store and manufacturing applications 

involving material flow analysis. 

B.  Brief History of Simulation 

1940’s:Monte Carlo method is developed by 

physicists working on Manhattan project to study 

neutron scattering. Researchers include John von 

Neumann, Stains law Ulan, Edward Teller, Herman 

Kahn. 

 

1950’s: First special-purpose simulation languages     

developed (e.g. IMSCRIPT by Harry        

Markowitz at RAND  Institute) 
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1970’s: Research initiated on mathematical       

foundations of simulation. 

 

1980’s: PC-based simulation software developed, 

graphical user interfaces, object oriented                

programming. 

 

1990’s: Web-based simulation, fancy animated               

graphics, simulation-based optimization,                

Markov-chain Monte Carlo methods Simulation has 

become ever more prominent as a method for 

studying complex systems  in which uncertainty is 

present.  

 

In various surveys, simulation has been found to be 

the most frequently used tool of Operation Research 

practitioners. Simulation is an interdisciplinary 

subject, using ideas and techniques from Statistics, 

Probability, Number Theory, and Computer Science. 

C. When to Use Simulation? 

In general, whenever there is a need to model 

andanalyze randomness in a system, simulation is the 

tool ofchoice. More specifically, situations in which 

simulation modelling and analysis is used include the 

following: 

 It is impossible or extremely expensive to 

observecertain processes in the real world, 

e.g., next year'scancer statistics, 

performance of the next spaceshuttle, and 

the effect of Internet advertising on 

acompany's sales. 

 Problems in which mathematical model can 

beformulated but analytic solutions are 

eitherimpossible (e.g., job shop scheduling 

problem, high order difference equations) or 

too complicated (e.g.,complex systems like 

the stock market, and largescale queuing 

models). 

 It is impossible or extremely expensive to 

validatethe mathematical model describing 

the system, e.g.,due to insufficient data. 

D. Application Areas of Simulation 

Applications of simulation abound in the areas of 

government, defence, computer and communication 

systems, manufacturing, transportation (air traffic 

control), health care, ecology and environment, 

sociological and behavioural studies, biosciences, 

epidemiology, services (bank teller scheduling), 

economics and business analysis. 

• Study internals of a complex system e.g. 

biological system 

• Optimise an existing design e.g. routing 

algorithms, assembly line 

• Examine effect of environmental changes 

e.g. weather forecasting 

• System is dangerous or destructive e.g. 

atom bomb, atomic reactor, 

missilelaunching 

• Study importance of variables 

• Verify analytic solutions (theories) 

• Test new designs or policies 

• Impossible to observe/influence/build the 

system 

• When it allows inspection of system 

internals that might not otherwise 

beobservable 

• Observation of the simulation gives 

insights into system behavior 

• Simulation verifies analysis of a complex 

system, or can be used as a teachingtool to 

provide insight into analytical techniques 

• A simulator can be used for instruction, 

avoiding tying up or damaging 

anexpensive, actual system (e.g., a flight 

simulation vs. use of multimillion 

dollaraircraft) 

IV. SCHEMATIC OF A SIMULATION 

The iterative nature of the process is indicated by the 

system under study becoming the altered system 

which then becomes the system under study and the 

cycle repeats. In a simulation study, human decision 

making is required at all stages, namely, model 

development, experiment design, output analysis, 

conclusion formulation, and making decisions to alter 

the system under study. The only stage where human 

intervention is not required is the running of the 

simulations, which most simulation software 

packages perform efficiently. The important point is 

that powerful simulation software is merely a hygiene 

factor - its absence can hurt a simulation study but its 

presence will not ensure success. Experienced 

problem formulators and simulation modellers and 

analysts are indispensable for a successful simulation 

study. 

 
Figure 2: Simulation Study Schematic 
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The steps involved in developing a simulationmodel, 

designing a simulation experiment, andperforming 

simulation analysis are: 

Step 1. Identify the problem. 

Step 2. Formulate the problem. 

Step 3. Collect and process real system data. 

Step 4. Formulate and develop a model. 

Step 5. Validate the model. 

Step 6.Document model for future use. 

Step 7. Select appropriate experimental design. 

Step 8.Establish experimental conditions for runs. 

Step 9. Perform simulation runs. 

Step 10. Interpret and present results. 

Step 11. Recommend further course of action. 

 

Although this is a logical ordering of steps in 

asimulation study, many iterations at various sub-

stagesmay be required before the objectives of a 

simulationstudy are achieved. Not all the steps may 

be possibleand/or required. On the other hand, 

additional steps mayhave to be performed. 

V. BENEFITS OF MODELING,  

SIMULATION AND ANALYSIS 

According to practitioners, simulation modelling 

andanalysis is one of the most frequently used 

operations research techniques. When used 

judiciously, simulation modelling and analysis makes 

it possible to: 

• Obtain a better understanding of the system 

bydeveloping a mathematical model of a 

system ofinterest, and observing the 

system's operation indetail over long periods 

of time. 

• Test hypotheses about the system for 

feasibility.¨ Compress time to observe 

certain phenomena overlong periods or 

expand time to observe a 

complexphenomenon in detail. 

• Study the effects of certain 

informational,organizational, environmental 

and policy changes onthe operation of a 

system by altering the system'smodel; this 

can be done without disrupting the 

realsystem and significantly reduces the risk 

ofexperimenting with the real system. 

• Experiment with new or unknown situations 

aboutwhich only weak information is 

available. 

• Identify the "driving" variables - ones 

thatperformance measures are most sensitive 

to - and theinter-relationships among them. 

• Identify bottlenecks in the flow of entities 

(material,people, etc.) or information. 

• Use multiple performance metrics for 

analysing system configurations. 

• Employ a systems approach to problem 

solving. 

• Develop well designed and robust systems 

and reduce system develop. 

VI. CONCLUSION 

This paper is  an overview of simulation modelling 

and analysis. Many critical questions areanswered in 

the paper. The intendedaudience is those unfamiliar 

with the area of discreteevent simulation as well as 

beginners looking for anoverview of the area. This 

includes anyone who isinvolved in system design and 

modification – systemanalysts, management 

personnel, engineers, militaryplanners, economists, 

banking analysts, and computerscientists. Familiarity 

with probability and statistics isassumed.The main 

objective of this paper is to gain the knowledge about 

system and its behaviour so that a person can 

transform the physical behavior of a system into a 

mathematical model that can in turn transform into a 

efficient algorithm for simulation purpose. 
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