
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,          Vol-5, Iss-1, Spl. Issue-2 Feb.-2017 
http://iraj.in 

Importance of Modeling and Simulation: A Vital Systems Engineering Technique 
 

121 

IMPORTANCE OF MODELING AND SIMULATION: A VITAL 
SYSTEMS ENGINEERING TECHNIQUE 

 
1SHOAIB M. SHAIKH, 2MUZAFFAR A. SHAIKH 

 
1Florida Polytechnic University College of Innovation and Technology 

Science and Technology Management Lakeland, FL 33805, U.S.A. 863 874 8530 
2Florida Institute of Technology College of Engineering 

Department of Engineering Systems Melbourne, FL 32901, U.S.A. 321 674 7345 
E-mail: 1sshaikh@flpoly.org, 2mshaikh@fit.edu 

 
 
Abstract- This paper describes the importance of Modeling and Simulation (M&S) as a vital technique in the context of 
Systems Engineering [1]. In today’s globalization of businesses, corporations are facing stiff competition at a worldwide 
level. This is translating into corporations attempting to minimize the cost of modifying their existing systems or developing 
new systems. To achieve this, they are rapidly resorting to Systems Engineering (S.E.) tools and techniques. At the heart of 
S.E. techniques, lies modeling and simulation which provides a very valuable glimpse at potential system flaws before its 
actual modification or development. This results in significant ‘cost reduction’ due mainly to avoidance of unnecessary 
effort that goes into the rework and redesign, if there is direct development of a system without first modeling it.    
In this paper, we first introduce M&S concepts. Second, we examine them in the light of systems engineering with 
illustrative examples. Next, we present three types of models - - Analytical, Simulation, and Hybrid. Analytical Models are 
formula-based [2]. They are useful when enough information is not available about a system especially when the system 
requires the use of equations and algorithms. Simulation Models are descriptive in nature and usually, they are more detailed 
than analytical models [3]. Hybrid Models embed formulas and equations within a larger simulation model [4]. Scientific 
and engineering applications usually employ hybrid models. After presenting the three types of M&S models, we compare 
Analytical versus Simulation models based on their uses, development cost, and accuracy [5]. Lastly, we give a few 
examples of industry applications of M&S models for the benefit of readers. 
 
 
I. INTRODUCTION 
 
Modeling and Simulation (M&S) constitutes the core 
function of Systems Engineering (SE) effort in 
corporationsattempting to integrate various 
engineering disciplines that interact during system 
development.  Beyond the corporate world, M&S is 
part of the core learning at universities that offer the 
SE degree or certificate programs. A model,which 
represents a particular real-world system or situation, 
can be a prototype of an actual system, or it can be a 
computer code (software) that represents a specific 
real-world activity. For example, if an aerospace 
manufacturer is contemplating the design of a brand 
new airplane, its engineers can design a small 
prototype of the plane to determine its shape or its 
aerodynamic aspects as a first step. Next, suitable 
Computer-Aided Design tools [6] can be used to 
design all its components. A computer code can also 
be written to represent all functionalities (e.g. takeoff, 
landing, taxiing, etc.) of the plane.This multi-step 
Modeling process in the design and development of a 
brand new plane is extremely useful in identifying 
design flaws before actually manufacturing the 
airplane, and it can all be done in a laboratory without 
incurring excessive costs in the field.  As a second 
example, suppose a retail corporation is 
contemplating replacement of its existing inventory 
control system, its M&S group can develop a 
software program to simulate all its input factors, 
system requirements, system functions and 
processing, and outputs.In this example, the software 

program constitutes the model of the inventory 
controlbefore it actually getsimplemented within the 
retail corporation. 
 
As can be seen, a Model when simulated for system 
functionalities avoids rework cost [7] that could 
otherwise be incurred, if, for example, a firm 
purchases an inventory control system and 
implements it without its actual simulation. A 
representative model of any system should adequately 
represent all characteristics of that system. Model 
parameters can be changed in the laboratory to 
determine the impact on system performance. Besides 
minimizing rework costs, thiseffort in the lab, rather 
than in the field, also avoids technical infeasibilities, 
and schedule delays when developing a new system, 
or even modifying an existing system.  
In above examples, Simulation deals with observing 
transaction by transaction, or the event by event 
working of a system before actually putting it into 
production. In this sense, Modeling and Simulation 
go hand in hand. The Model represents a real world 
system and Simulation shows how the system works 
using a prototype,software code, or a combination of 
prototype and software code. 
 
II. SYSTEMS ENGINEERING AND M&S 
 
To determine how M&S constitute the core area of 
S.E., let us first understand Systems Engineering is. 
Systems Engineering deals with the ‘Integration’of all 
system functions to deliver a product or service in 
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compliance with customer specification. Systems 
engineering ismultidisciplinary in nature because the 
Integration requires communication and interaction of 
all engineering disciplines. Even though S.E. deals 
with all phases of the development life cycle of a 
system, its major emphasis is on the initial design 
phase. In particular S.E. addresses Requirements, 
Functional Analysis, and Preliminary and Detailed 
Design phases. Returning to the earlier example of an 
aerospace manufacturer considering the development 
of a new airplane, there is a multitude of engineering 
disciplines that are involved as part of the 
developmentphase. For instance, Mechanical 
Engineering is concerned with the movement of all 
parts, assemblies, hydraulics, etc.  Electrical and 
Computer Engineering deal with all electric 
connectivity’s, wiring, communication, and electronic 
hardware devices on the airplane. There are 
additional hardware and software aspects along with 
reliability, maintainability, and quality engineering 
consideration. To accomplish Systems Integration, all 
engineering functionalities need to work 
together;otherwise there can be incompatibilities at 
assembly time.Often these incompatibilities can result 
in system failure.This is where Modeling of the 
whole airplane system becomes vital.  Without 
Modeling, the completed product will most likely be 
technically weak and its design and development will 
exceed the deadline,along with theallocated budget. 
We will first discuss modeling related items and then 
we will delve into Simulation-related matters. 
 
III. TYPES OF MODELING  
 
In a broad sense Modeling can be divided into three 
categories - - Analytical Modeling, Simulation 
Modeling and Hybrid Modeling.  
Analytical Modeling [2]: A Mathematical or 
Analytical model represents a real-world system in 
the form of equations, formulas, inequalities, 
algorithms, or heuristics. The Economic Order 
Quantity Model (EOQ) in Inventory System is an 
example of an analytical model [8]. 
An Analytical Model represents a system in broad 
terms (at a high level) and typically costs less to 
develop. Analytical Modeling is also a Mean Value 
Analysis Modeling and is useful when not much is 
known about a system. An Analytical Model gives a 
good ‘first-cut’ analysis of a new system when there 
are many unknowns.  
 
Simulation Modeling [3]: A Simulation Model is 
descriptive in nature. It is a set of software modules 

or sub-models that represent a complex real-world 
system. A simulation model can be discrete time-
event simulation or continuous simulation. This type 
of modeling uses detailed representation of a system 
and its various components, usually via software 
modules. It describes the system behavior in a 
statistical manner by replicating performance for a set 
of observations.Due to detailed system 
representation, a simulation model at times requires 
significant development time. Hence the development 
cost can at times be high when it comes to simulation 
modeling. Simulation Modeling is useful when all 
components and their characteristics are known or 
can be estimated. Typically, it involves Problem 
Formulation, Data Collection, Data Analysis, Model 
Formulation, Program Coding, Model Validation, 
Design of Experiments, and Analysis of Results. 
Beyond the above broad categories of modeling, there 
exists yet another practical modeling methodas 
described below. 
 
Hybrid Modeling [4]: On occasions a complex 
system requires sub-models that represent its major 
functions (e.g. Radar sub-model, Operations and 
Control sub-model, Communications sub-model, 
Avionics sub-model, etc.).  Some sub-models or 
certain functions in a sub-model can only be 
represented by equations or algorithms alone, while at 
the same time othersub-models or certain portions of 
a sub-model must be simulated.  This combination of 
analytical modeling embedded within simulation 
modeling is called Hybrid Modeling. Hybrid 
Modeling can also occur in a setting where the initial 
phase of a complex new system with relatively 
unknown characteristicsis modeled initially as an 
analytical model. Later, as more and more 
information becomes available, the system is 
modeled via simulation. Initial set of equations can 
still be embedded in the simulation model if they are 
applicable. As can be seen, Hybrid Modeling utilizes 
algorithmic features of analytical modeling as well as 
descriptive features of simulation modeling. 
 
IV. COMPARISON OF ANALYTICAL VERSUS 
SIMULATION MODELING 
 
Tables 1 and 2 below give summaries of comparison 
between analytical and simulation models. Table 1 
summarizes the comparison based on their Use and 
Table 2 based on the Development Cost and 
Accuracy. 
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Table 1 – Comparison of Analytical vs Simulation Model (Based on Usability) 

 
 

Table 2 – Comparison of Analytical vs Simulation Models (Based on Cost and Accuracy) 

 

 
V. MODELING APPLICATIONS 
 
With advances in technology and the Internet, faster 
and more comprehensive analytical, simulation, and 
hybrid models are being developed across many 
disciplines. Some examples of models and their 
applications are listed below: 
Academics: Engineering, Sciences, Computing, 
Mathematics, Business, Psychology/Social Sciences 
Healthcare: Examples: Effect of physician mixes on 
utilization of hospital resources, Emergency Room 
Configuration, Coronary Care Units, Nurse Staffing, 
Ambulatories Location 
Urban Issues: Police Dispatching Transit System 
Design, Snow emergencies, Garbage 
Collection/Disposal 
Industrial: Manufacturing, Scheduling, Production 
Processes, Inventory Policy Decision, Machine 
Maintenance Schedules, Assembly Line Balancing, 
Job Shop Scheduling 
Financial: Financial Planning, Portfolio Management, 
Capital Budgeting, Bank Teller Scheduling 
Military: Battle Management Scenarios, Weapon 
System, Strategic and Tactical Operations 
Agriculture: Equipment Selection in Sugar 
Plantations, Cattle Industry, Grain Collection and 
Handling 
Airline Industry: Air Traffic Control, Aircraft Taxiing 
Control, Airport Design 
Transportation: Warehouse Location, Distribution 
System Design, Facilities Layout, Railroad 
Scheduling 
 

 
CONCLUSION 
 
Modeling minimizes rework and redesign cost of a 
real-world system by representing this system via 
prototyping or suitable software code before actually 
developing the system. Analytical modeling provides 
a “bird’s eye view” of a real-world system, especially 
when the system is new with not enough information 
available about its functioning. Simulation modeling 
provides a detailed picture of system characteristics, 
especially when a system is complex. It is useful 
when experimentation with a real system is 
impractical or impossible. Hybrid modeling is useful 
when only simulation of the whole system is cost-
prohibitive or technically infeasible. In this case, 
analytical models are embedded in the overall 
simulation model. 
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