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“Most of the time it is impossible to 
understand 

each and every possibility 
in finite lifetime, 

but course to simulation 
solve this problem"

--Prof. Dr. S. M. Aqil Burney
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What is SimulationWhat is Simulation……??

�� Simulation is usually understood as the process Simulation is usually understood as the process 
of generating reality.of generating reality.

�� A dictionary meaning of A dictionary meaning of ““to simulateto simulate”” isis

““Feign,Feign,……, pretend to be, act like, wear the guise of, , pretend to be, act like, wear the guise of, 
mimic,mimic,……, imitate conditions of (situation etc.) with , imitate conditions of (situation etc.) with 
model, for convenience and trainingmodel, for convenience and training…”…”

---- Ripley, 1987 & Morgan, 1984Ripley, 1987 & Morgan, 1984

Monograph on Monograph on ““SIMULATION OF SYSTEMSSIMULATION OF SYSTEMS””

Professor. Dr. S.M. Aqil Burney,Professor. Dr. S.M. Aqil Burney,

Department of Computer Science, University of KarachiDepartment of Computer Science, University of Karachi
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Simulation Dominance Simulation Dominance 

virtual

real

sum total of conscious lives 

(in entire universe, all times)
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What is SimulationWhat is Simulation……?    ?    ContCont’’dd……

�� A A simulationsimulation is an imitation of some real thing, is an imitation of some real thing, 

state of affairs, or process. state of affairs, or process. 

�� The act of simulating something generally entails The act of simulating something generally entails 

representing certain key characteristics or representing certain key characteristics or 

behaviors of a selected physical or abstract behaviors of a selected physical or abstract 

system.system.
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Why SimulationWhy Simulation……??

�� Test design when cannot analyzeTest design when cannot analyze

�� System too complexSystem too complex

��Can analyze only for certain cases Can analyze only for certain cases 
(Example: Poisson arrivals, very large N, etc.)(Example: Poisson arrivals, very large N, etc.)

�� Verify analysisVerify analysis

�� Fast production of resultsFast production of results
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Simulation TypesSimulation Types……

�� Deterministic or StochasticDeterministic or Stochastic
�� Does the model contain stochastic components?Does the model contain stochastic components?

�� Randomness is easy to add to a DESRandomness is easy to add to a DES

�� Static or DynamicStatic or Dynamic
�� Is time a significant variable?Is time a significant variable?

�� Discrete or ContinuousDiscrete or Continuous
�� Does the system state evolve continuously or only at discrete Does the system state evolve continuously or only at discrete 

points in time?points in time?

�� Continuous: classical mechanicsContinuous: classical mechanics

�� Discrete: queuing, inventory, machine shop modelsDiscrete: queuing, inventory, machine shop models
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DefinitionsDefinitions

�� DiscreteDiscrete--Event Simulation ModelEvent Simulation Model

�� StochasticStochastic: some state variables are random: some state variables are random

�� DynamicDynamic: time evolution is important: time evolution is important

�� DiscreteDiscrete--EventEvent: significant changes occur at discrete : significant changes occur at discrete 
time instancestime instances

�� Monte Carlo Simulation ModelMonte Carlo Simulation Model

�� StochasticStochastic

�� Static: Static: time evolution is not importanttime evolution is not important
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Model TaxonomyModel Taxonomy
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What is a SystemWhat is a System……??

�� A system is usually considered as a set of interA system is usually considered as a set of inter––

related factors, which are described as entities related factors, which are described as entities 

activities and have properties or attributes. activities and have properties or attributes. 

�� Processes that cause system changes are called Processes that cause system changes are called 

activitiesactivities. . 

�� The state of a system is a description of all The state of a system is a description of all 

entities, attributes and the activities at any time. entities, attributes and the activities at any time. 

�� A system may have very large number of states. A system may have very large number of states. 
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What is a SystemWhat is a System……??

�� The variables or activities of a system are classified as The variables or activities of a system are classified as 

endogenous and exogenous variables. endogenous and exogenous variables. 

�� Endogenous variables occur within the system, and Endogenous variables occur within the system, and 

exogenous variables are found outside the system exogenous variables are found outside the system 

boundary i.e. those variables in the environment which boundary i.e. those variables in the environment which 

affect the system. affect the system. 

�� A system with exogenous variables is considered as A system with exogenous variables is considered as 

open. open. 

�� A system with strict endogenous activities is called a A system with strict endogenous activities is called a 

closed system.closed system.
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SystemSystem**

*Simulation, Modeling & Analysis (3/e) by Law and Kelton, 2000, p. 4, Figure 1.1
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TerminologyTerminology
�� Model vs. Simulation (noun)Model vs. Simulation (noun)

�� ModelModel can be used WRT conceptual, specification, or can be used WRT conceptual, specification, or 
computational levelscomputational levels

�� SimulationSimulation is rarely used to describe the conceptual or is rarely used to describe the conceptual or 
specification modelspecification model

�� SimulationSimulation is frequently used to refer to the computational is frequently used to refer to the computational 
model (program)model (program)

�� Model vs. Simulate (verb)Model vs. Simulate (verb)
�� To model To model can refer to development at any of the levelscan refer to development at any of the levels

�� To simulateTo simulate refers to computational activityrefers to computational activity

�� Meaning should be obvious from the contextMeaning should be obvious from the context
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An ordinary (virtual) family: An ordinary (virtual) family: ‘‘The SimsThe Sims’’
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ExampleExample

A Single Server Queuing SystemA Single Server Queuing System

�� System to be simulatedSystem to be simulated

�� AAii InterarrivalInterarrival times are I.I.D.times are I.I.D.

�� SSii Service time are I.I.D.Service time are I.I.D.

�� FIFO serviceFIFO service

�� Work preservingWork preserving

�� Initial stateInitial state

�� Empty and idleEmpty and idle

�� First arrival after AFirst arrival after Ai i time units from time 0time units from time 0

�� Termination after Termination after nn customers left queue.customers left queue.
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System Diagram System Diagram (example)(example)
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Example SystemsExample Systems……

��Extend DemosExtend Demos

��Eco SystemEco System

��Bank Teller SystemBank Teller System

��Local Area NetworkLocal Area Network

��Proof AnimationProof Animation
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Eco SystemEco System
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Eco SystemEco System
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Bank ModelBank Model…… an examplean example
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Bank Teller SystemBank Teller System
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Local Area NetworkLocal Area Network
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Random GeneratorRandom Generator

�� Make sure you can regenerate your random Make sure you can regenerate your random 

sequence, or debugging is sequence, or debugging is hellhell..

�� For long simulations, use 32 bit pseudo random For long simulations, use 32 bit pseudo random 

generator.  16 bit is too short!generator.  16 bit is too short!
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A good pseudo random generatorA good pseudo random generator

float float myrandmyrand()()

{{

b32 = (314159269*b32 + 453860245);b32 = (314159269*b32 + 453860245);

if (b32<0)if (b32<0)

b32 = b32 = --b32;b32;

return(0.00000000046566128730 * b32);return(0.00000000046566128730 * b32);

}}
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Simulation of normal distribution using BOXSimulation of normal distribution using BOX--MULLER MULLER 

algorithm based on Congruential random number simulationalgorithm based on Congruential random number simulation

MATLAB CODE FOR XI = (65 * XIMATLAB CODE FOR XI = (65 * XI--1 + 1) mod 20481 + 1) mod 2048

n=input(' No Of Iteration ')n=input(' No Of Iteration ')

seed=input(' Seed Value ')seed=input(' Seed Value ')

u1=rand(n,1);u1=rand(n,1);

for i=1:n,for i=1:n,

x1i=mod(65 * (seed+1),2048);x1i=mod(65 * (seed+1),2048);

seed=x1i;seed=x1i;

u1i=x1i/n;u1i=x1i/n;

theta=2*pi*u1i;theta=2*pi*u1i;

u2i=1u2i=1--u1i;u1i;

E2i=E2i=--log(u2i);log(u2i);

r=sqrt(2*E2i);r=sqrt(2*E2i);

x=r*x=r*cos(thetacos(theta););

y=r*y=r*sin(thetasin(theta););

xt(ixt(i)=x;)=x;

yt(iyt(i)=y;)=y;

xttxtt==xtxt';';

yttytt==ytyt';';

hold on;hold on;

plot(xtt,ytt,'pplot(xtt,ytt,'p')')

end end 

““SIMULATION & MODELLING LABSSIMULATION & MODELLING LABS””
Professor. Dr. S.M. Aqil Burney, Department of Computer Science,Professor. Dr. S.M. Aqil Burney, Department of Computer Science, University of KarachiUniversity of Karachi
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Advantages of SimulationAdvantages of Simulation

�� Most complex, realMost complex, real--world systems with stochastic world systems with stochastic 
elements cannot be accurately described by a elements cannot be accurately described by a 
mathematical model that can be evaluated mathematical model that can be evaluated 
analytically. Thus, a simulation is often the only type analytically. Thus, a simulation is often the only type 
of investigation possible.of investigation possible.

�� Simulation allows one to estimate the performance of Simulation allows one to estimate the performance of 
an existing system under some projected set of an existing system under some projected set of 
operating conditions.operating conditions.

�� Alternative proposed system designs (or alternative Alternative proposed system designs (or alternative 
operating policies for a single system) can be operating policies for a single system) can be 
compared via simulation to see which best meets a compared via simulation to see which best meets a 
specified requirement.specified requirement.
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Advantages of SimulationAdvantages of Simulation

�� In a simulation we can maintain much better control In a simulation we can maintain much better control 
over experimental conditions than would generally be over experimental conditions than would generally be 
possible when experimenting with the system itself.possible when experimenting with the system itself.

�� Simulation allows us to study a system with a long Simulation allows us to study a system with a long 
time frametime frame------ e.g. an economic systeme.g. an economic system------in in 
compressed time, or alternatively to study the detailed compressed time, or alternatively to study the detailed 
workings of a system in expanded time.workings of a system in expanded time.
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Disadvantages of SimulationDisadvantages of Simulation

�� Each run of a stochastic simulation model produces Each run of a stochastic simulation model produces 
only estimates of a modelonly estimates of a model’’s true characteristics for a s true characteristics for a 
particular set of input parameters. If a particular set of input parameters. If a ““validvalid”” analytic analytic 
model is available or can be easily de developed, it model is available or can be easily de developed, it 
will generally be preferable to a simulation model.will generally be preferable to a simulation model.

�� Simulation models are often expensive and timeSimulation models are often expensive and time--
consuming to develop.consuming to develop.

�� If a model is not a If a model is not a ““validvalid”” representation of a system representation of a system 
under study, the simulation results, no matter how under study, the simulation results, no matter how 
impressive they appear, will provide little useful impressive they appear, will provide little useful 
information about the actual system.information about the actual system.
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Disadvantages of SimulationDisadvantages of Simulation

�� In some studies both simulation and analytic models In some studies both simulation and analytic models 
might be useful. In particular,  simulation can be used might be useful. In particular,  simulation can be used 
to check the validity of assumptions needed in an to check the validity of assumptions needed in an 
analytic mode. analytic mode. 

�� On the other hand, an analytic model can suggest On the other hand, an analytic model can suggest 
reasonable alternatives to investigate in a simulation reasonable alternatives to investigate in a simulation 
study.study.
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Books on Modelling & SimulationBooks on Modelling & Simulation
1.1. Sinelair, J.B. (2004). Simulation of Computer System and ComputeSinelair, J.B. (2004). Simulation of Computer System and Computer Networks: A Processr Networks: A Process--

Oriented Approach.Oriented Approach.

2.2. Banks, J., John S. Carson, Barry L. Nelson, David M. Nicol(2005)Banks, J., John S. Carson, Barry L. Nelson, David M. Nicol(2005). Discrete Event System . Discrete Event System 
Simulation. Pearson Education.Simulation. Pearson Education.

3.3. Michael Michael piddpidd, Computer Simulation in Management Science. John Wiley & Sons., Computer Simulation in Management Science. John Wiley & Sons.

4.4. B.D. Ripley (1987) Stochastic Simulation. John Wiley.B.D. Ripley (1987) Stochastic Simulation. John Wiley.

5.5. Morgan, Byron, J.T.(1984). Elements of Simulation. Chapman and HMorgan, Byron, J.T.(1984). Elements of Simulation. Chapman and Hall London.all London.

6.6. Ross, Sheldon, M. Ross (2001). Simulation, 3rd ed. Academic PresRoss, Sheldon, M. Ross (2001). Simulation, 3rd ed. Academic Press, San s, San diegodiego..

7.7. Burney, S.M. Aqil (2003) Introduction to Stochastic Processes anBurney, S.M. Aqil (2003) Introduction to Stochastic Processes and their Applications in d their Applications in 
Insurance and Computer Science, University of Insurance and Computer Science, University of SindhSindh, , JamshoroJamshoro, Pakistan., Pakistan.

8.8. Knuth, D.E. (1999). The art of Computer Programming Vol. 2, SemiKnuth, D.E. (1999). The art of Computer Programming Vol. 2, Semi Numerical Algorithms. Numerical Algorithms. 
AdditionAddition--Wesley, Reading, M.A. 1999.Wesley, Reading, M.A. 1999.

9.9. Oaksholt, Les (1997). Business Modeling and Simulation, Pitman POaksholt, Les (1997). Business Modeling and Simulation, Pitman Publishing, London.ublishing, London.

10.10. Burney, S.M. Aqil (2002) Risk Theory and Insurance; A StochasticBurney, S.M. Aqil (2002) Risk Theory and Insurance; A Stochastic Approach, BCC&T Approach, BCC&T 
University of Karachi, Karachi.University of Karachi, Karachi.
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