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Motivation 

• Introduce terminology used throughout the course 

• Clarify the distinction between modelling and simulation 
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Simulation Examples 
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Systems 

• System: 
– Collection of parts organised for some purpose (weather system: 

parts: sun, water, land, etc.; purpose: maintaining life) 

– Defining a system requires setting boundaries 

 

• Different categories of systems: 
– Natural systems (weather system, galactic system) 

– Designed physical systems (house, car, production system) 

– Designed abstract systems (mathematics, literature) 

– Human activity systems (family, city, political system) 
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Systems 

• Operations systems (incl. service systems): Configuration of 
resources combined for the provision of goods and services 
(functions: manufacture, transport, supply, service) 

 

• Social systems: Entities or groups in definite relation to each 
other which create enduring patterns of behaviour and 
relationship within social systems. 

 

• Economic system: Is a particular set of social institutions 
which deals with the production, distribution and 
consumption of goods and services in a particular society. 
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Models 

• Model: 
– Some form of abstract representation of a real system intended to 

promote understanding of the system it represents. 

– A model is a static representation of the system 

– Models can have many forms (e.g. mathematical equations, diagrams, 
physical mock-ups) 

 

• Why model? 
– Models give us a comprehensible representations of a systems 

• Something to think about 

• Something to communicate about 
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Simulation 

• Simulation: 
– The process of designing a model of a real system and conducting 

experiments with this model for the purpose of understanding the 
behaviour of the system and /or evaluating various strategies for the 
operation of the system [Shannon 1975] 

– Uses a model to emulate the dynamic characteristics of a system 

 

• Why simulate? 
– Predict the performance of a system under a specific set of inputs 

– Experimental approach to modelling (what-if analysis tool) 
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Nature of Operations Systems 

• Operations systems are subject to variability 
– Predictable variability 

• E.g. staff rota, planned maintenance of machines 

– Unpredictable variability 

• E.g. customer arrivals, machine breakdowns 

 

• Operations systems are interconnected 
– Components of a system affect one another 

• E.g. customers in a three stage service process 

[Robinson 2004] 
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Nature of Operations Systems 

• Operations systems are complex 
– Combinatorial complexity 

• Number of components and number of combinations of components 

– Dynamic complexity 

• Mainly systems that are highly interconnected; feedback systems; action 
has different effect in short/long run; action has different consequences in 
one part of the system compared to another; action has non-obvious 
consequences 

 

• In simulation studies we are able to explicitly represent the 
variability, interconnectedness, and complexity of operations 
systems 

[Robinson 2004] 
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Why Simulate? 

• It is possible with a simulation: 
– to predict system performance 

– to compare alternative system designs 

– to determine the effects of alternative policies on system performance 

 

• Advantages: Simulation vs. Experimentation 
– Cost 

– Time (real time vs. virtual time) 

– Control of experimental conditions 

– If real system does not exist 
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Why Simulate? 

• Advantages: Simulation vs. other modelling approaches 
 

– Analytical methods used in Operations Research (examples) 

• Linear Programming 

• Network Analysis 

• Dynamic Programming 

• Meta Heuristics 

• Game Theory 

• Markov Chains 

• Queuing Theory 

• Simulation 
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Why Simulate? 

• Advantages: Simulation vs. other modelling approaches 
– Modelling variability: Some other approaches could be adapted to 

account for variability but it often increases their complexity 

– Restrictive assumptions: Most of the other approaches require 
assumptions, e.g. queuing theory assumes particular distributions for 
arrival and service times, for many processes these distributions are 
not appropriate 

– Transparency: More intuitive than a set of equations, an animated 
display of the system can be created, giving a non-expert grater 
understanding of, and confidence in, the model 

– Creating knowledge and understanding: Sometimes just building the 
model is enough 

– Visualisation, communication, interaction 
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Why Simulate? 

• Disadvantages of simulation: 
– Expensive 

– Time consuming 

– Data hungry 

– Requires expertise: It is an art rather than a science 

– Overconfidence: When interpreting the results from a simulation, 
consideration must be given to the validity of the underlying model 
and the assumption and simplifications that have been made! 
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Summary 

• What did you learn? 
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Questions / Comments 
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