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Operational Research Methods .

®m Linear Programming
m Network Analysis

m Meta Heuristics

B Queuing Theory

® Game Theory

®m Simulation
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Simulation
B Definition

e Simulation is 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.
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Simulation

m Discrete (stochastic)
® Discrete Event Simulation
® Process oriented (top down); one thread of control; passive objects
® Agent Based Simulation

¢ Individual based (bottom up); each agent has its own thread of
control; active objects

®m Continuous (deterministic)

e System Dynamics Simulation
& Aggregate view; differential equations
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Causal Loop Diagrams :0
Stock and Flow Diagrams

Background

m Systems Thinking

® Moving away from looking at isolated events and their causes
(usually assumed to be some other events), and start to look at
the organisation as a system made up of interacting parts.

® To better understand the system structures which cause certain
patterns of behavior a new notation is introduced for representing
these structures.

® Short descriptive phrases represent the elements which make up
the system, and the arrows represent the causal influences
between these elements.
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Background

m Systems Thinking

e Normal language presents interrelations in linear cause-and-
effect chains, while the diagram shows that in the actual system
there are circular chains of cause-and-effect.

® When an element of a system indirectly influences itself the
portion of the system involved is called a feedback loop or a
causal loop.

e System Dynamics is a methodology and computer simulation
modeling technique based on Systems Thinking for framing,
understanding, and discussing complex issues and problems.
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Background

m System Dynamics

® In SD real-world processes are represented in terms of stocks (e.g.
of material, knowledge, people, money), flows between these
stocks, and information that determines the values of the flows.

® The range of SD applications includes business, urban, social,
ecological types of systems.
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Background

m A Short Historic Overview
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Cybernetics (Norbert Wiener, 1940s): The study
of how biological, engineering, social, and
economic systems are controlled and regulated

Industrial Dynamics (Jay Forrester, 1950s):
Applied the principles of Cybernetics to industrial
systems

System Dynamics (John Collins 1970s, John
Sterman 1980s, etc.): Applied the principles of
Industrial Dynamics to urban, business, social,
ecological types of systems
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System Dynamics Modelling

m Steps

|dentify a problem

Develop a dynamic hypothesis explaining the cause of the problem
Create a basic structure of a causal graph

Augment the causal graph with more information

Convert the augmented causal graph to a stock and flow graph
Translate a stock and flow graph into a simulation model

m Critical Aspects
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Think in terms of cause-and-effect relationships
Focus on the feedback linkages among components of a system
Determine the appropriate system boundaries
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System Dynamics Modelling
m Cause and Effect
e Causal thinking is the key to organising ideas in a system
dynamics study
® Instead of ‘cause’, ‘affect’ or ‘influence’ can be used to describe
the related components in the system
® Some are logical (e.g. physics)
¢ Food intake >> weight
¢ Fire >> smoke
® Some are not (e.g. sociology, economics)
# Use of seatbelts >> reduced highway fatalities
@ Shortened daylight hours >> increased suicide rates
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System Dynamics Modelling

m Feedback
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Thinking in terms of “cause and effect” is not enough

An initial cause ripples through a chain of causation ultimately to
re-affect itself >> Feedback

Search to identify closed, causal feedback loops is one key
element of SD
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Causal Loop Diagrams

m Represent the feedback structure of systems

m Capture
® The hypotheses about the causes of dynamics
® The important feedbacks

®m |Labelling Link Polarity

® A ‘+’is used if the cause increase, the effect increases and if the
cause decrease, the effect decreases

® A ‘-’ is used if the cause increases, the effect decreases and if
the cause decreases, the effect increases
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Causal Loop Diagrams

m Determining Loop Polarity

® Positive feedback loops
€ Have an even number of ‘-’ signs

€ Some quantity increase, a “snowball” effect takes over and that
quantity continues to increase

® The “snowball” effect can also work in reverse

¢ Generate behaviors of growth, amplify, deviation, and reinforce
® Negative feedback loops

4 Have an odd number of “~” signs

% Tend to produce “stable”, “balance”, “equilibrium” and “goal-seeking”
behavior over time
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Causal Loop Diagrams
m Positive feedback loop ®m Negative feedback loop
Salary ;' Performance Tired Sleep
The more tired | am
The more Salary I get The more | S|eep
The better | perform
The more | sleep
The more salary | get
The less tired | am
The more Salary I get The less | S|eep
The better | perform
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Causal Loop Diagrams

® |oop dominance

® There are systems which have more than one feedback loop
within them

® A particular loop in a system of more than one loop is most
responsible for the overall behavior of that system

® The dominating loop might shift over time

e Stable conditions will exist when negative loops dominate
positive loops
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Causal Loop Diagrams

® Combined feedback loops
® Population Growth

7N 7 N ®m Nested feedback loops

Birth rate ) Polulation [) Death rate

\/ \/ e Self regulating biosphere

Sunshine
Earth’s / ﬁount of
temperature EVGPOFation\_ﬁte(r on earth
\ / (o
Clouds Rain
\—/
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Causal Loop Diagrams
®m Exogenous items m Delays
e Items that affect other items ® Systems often respond
in the system but are not sluggishly, e.g. once the
themselves affected by trees are planted, the
anything in the system harvest rate is 0 until the
trees grow enough to
harvest

Sunlight reaching Q Density of plants
each plant

Sunlight‘/ \/ p delay Nt

# of growing trees D Harvest rate
s

Planting rate /Jr‘ \/
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Stock and Flow Diagrams

m Stock (level, accumulation, or state variable)
® A quantity that accumulates over time
® Change its value by accumulating or integrating rates

® Change continuously over time even when the rates are
changing discontinuously

m Flow X (rate, activity, movement)
® Change the values of stocks

® The value of a flow is dependent on the stocks in a system along
with exogenous influences
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Stock and Flow Diagrams 2

® Auxiliary ()

® Arise when the formulation of a stock’s influence on a flow
involves one or more intermediate calculations

e Often useful in formulating complex flow equations

®m Source and Sink O

® Source represents systems of stocks and flows outside the
boundary of the model

® Sink is where flows terminate outside the system
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Stock and Flow Diagrams
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Births Children Children maturing Adults
_ Children
Births maturing
» children » Adults
Flow arc ——— Cause-and-effect arc ------ >
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AnyLogic Software

m Software: AnyLogic v6.5

® Multi-method simulation software (SD, DES, ABS)
® Allows building hybrid simulation models
® Object Oriented
e |DE to develop Java Code
® Enterprise Library to support DES
e We have a IMA Research Group license, so try it yourself ...
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Building a SD Simulation Model .

m Sample Model: Product Diffusion Process
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Potential adopters of a product are influenced into buying the
product by advertising and by word of mouth from adopters —
those who have already purchased the new product.

Adoption of a new product driven by word of mouth is likewise
an epidemic.

Potential adopters come into contact with adopters through
social interactions. A fraction of these contacts results in the
purchase of the new product.

The advertising causes a constant fraction of the potential
adopter population to adopt each time period.
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Building a SD Simulation Model
Reminder: In SD real-world processes are represented in terms of stocks
(e.g. of material, knowledge, people, money), flows between these stocks,
and information that determines the values of the flows.
Potential Customers Adoption Rale C stomers ‘.
\ '/ Total Populatlon
Adoption from Adoption from /
Advertising rd of Mouth
Advertising ‘\
Hffectiveness Cc-ntac:t Rate Adoption Fraction |
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Building a SD Simulation Model

m d(PotentialAdopter)/dt = -AdoptionRate

®m d(Adopter)/dt = AdoptionRate

m TotalPopulation = 10000

m ContactRate = 100

m AdEffectiveness = 0.011

®m AdoptionFraction = 0.015

m PotentialAdopters = TotalPopulation

®m AdoptionFromAd = AdEffectiveness*PotentialAdopters

m AdoptionFromWOM = ContactRate*AdoptionFraction
*Potential Adopters*Adopters/TotalPopulation

m AdoptionRate = AdoptionFromAd+AdoptionFromWOM
I
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Building a SD Simulation Model

®m AnyLogic visualises the resulting dependencies between
system dynamics variables with arrows
® Thick arrows show dependencies between stocks and flows

® Thin arrows pointing from variable A to variable B mean that
variable A is mentioned in the equation of variable B.
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PotentialAdopters AdoptionRate  Adopters
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\ .. TotalPopulation
@ Q O —
AdEffectiveness AdoptionFromad AdoptionF‘rQr_’_r_l.WOM ContactRate
AdopticnFraction i
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Building a SD Simulation Model .
® Demo
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