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Personal Introduction

* Introduce yourself
— The field you are working in
— The specific topic you are interested in

— The motivation for your participation
* Why are you participating
* What do you want to take away
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Personal Introduction

My research mission

— Developing human behaviour models which can be used to better
represent people and their behaviours in OR/MS models

— Combining ideas from OR (DES) and Social Science (ABM/S)
* More interested in developing frameworks and testing them
* Less interested in solving/investigating specific cases

— Using well established OOA/D principles and methods from Software
Engineering for developing reusable components and the environment
they live in.
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Personal Introduction
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Personal Introduction

e Technical aspects
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Personal Introduction
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Personal Introduction
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Personal Introduction

Use cases

Use Case Diagrams \

Sequence Diagrams |
—_——— | 00 Analysis and Design

A DO Analysis and Design

Activity Diagrams umL

State Wachine Diagrams |
Class Diagrams
Gt |

| Decision Support

that lead to certain conseq

Hodelling causes (and
L complexity -
Methads ,——————— —— —— —__Validating againstthe consequences
\__Gaining insight inta system behaviour
\_ Todls

—TEET—

~,_00 Programming
Java

Energy Users

Consumers

< Related to Object Orientation

System Dynamics (SD)

Systems Biology /-

Translating mathematical models into A

~|_Archetyping
Travellers

Persannel

ABM Design Patterns
Energy Users

Consumers | I
| Agenttemplates | I
Travellers |

| Agent-Based Modelling (ABIM)

Development (&
N

Personnel .

Object Orientation

\_Human behavieur

Specific agents N
——— N I
_Multi-agent systems | \_00Madelling /| |
Empirical data A .
EMPCALOEE gources ] |
Theories "\ knowteage || / . |
Archetyping e ( Object Orientation | Resesrch Feiss |
E—— J | \_Human Behaviour /
N /

~_ Abstraction
Fumfying

GCentralised state charts

Decentralised state charts _/—

Frequency and probability distributions

Survey design |
—— ., Novel data collection technigues |
Translating subjective into objecive —

measures I |
Queing Systems Hodelling (QSH) |

Wicro Modelling (M) / |
Micro Simulation (MS)

Combined ABWDES

~_Discrete Event Simulation (OES) | 0O Simulation
Pure DES
Agent-Based Simulation (4BS) /
Education \
Security )

Energy Management /
———————— Energy | Digital Economy /

Ownership of data

Smart grid

Data collection and analysis Data
_Data collection and analysis | Data

Data representation

Research Fellowship
—————————— LooseEnds /
EPSRC and EU Funding Proposals /—

The University of

Nottingham

UNITED KINGDOM -« CHINA - MALAYSIA

ASSS 2014

\_Standards for OR
\Standards for OR

\_ @ Agent-Based Modelling (ABH)
e

\_Complexiy Science (CS)

| Operations Research (OR)

Cost-Benefit Analysis (CBA)

i

Primary | s
/[ \_ RiskAssessment(RA) | (@ Multi-Criteria Decision Analysis (MCDA)  Using MCDA together with Simulation
L \__Rare Event Modelling

Business Studies -
| —
Game Theory

I‘ Economics Equilibrium ABMs
—_—_—

| i \

Applying new management praciices

@) The artificial game player Cultural differences / norms

Diffusion processes @ Authoritative (forced) technelogy adoption

Comparing impact of policies in different countries

Poliical Sclence -
_ Political Sdience

Social Sciences \__Studying the diffusion of ideas

Social Simulation Pure ABMs without queuing structures

\_Related to Human Behaviour |

Studying dynamic occupation of buildings

Architecture

Interacting software and behavioural agents
Secondary "

| @ The digital occupant -
| Built s \

Il ways of collecting occupant behaviour

/ \__ Intelligent control systems

|
_ Engineering | Embedded systems (software agents)

\ Rellability

\ [ Holistic view

\_Powersystems j—
——————\__Generation; trans mission; distribution

\_ Life Gycle Analysis (LCA}

Rabotics

Computer Science

Business Process Modelling (BPM) @ Introducing behavioural ABMS to BPM

for d model

-
| Framework for combined ABWDES
Comparing different approaches to ABM/S

@ Defining the differences between agents in the differentfields -

Comparing different approaches to modelling decision making in ABMIS
New measures for ABM (now to tum subjective measures into objective ones)

10



Personal Introduction

* Related topics

Mathematical Modelling
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Seminar Mission Statement

* YOU will understand the main systems simulation methods
relevant for decision support in Controlling so that you will be
competent in choosing and implementing the right method
for your particular problem.

* YOU will learn the general principles and techniques used in
modelling and simulation and will gain some practical
experience of how to develop and implement their own s
simulation models. A
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Seminar Organisation

 Day 1: Introduction to Modelling and Simulation
LecO1: Introduction to Modelling an Simulation
LecO2: Foundations of Simulation Modelling

Lec03: Conceptual Modelling

W

Practice01: AnylLogic Introduction (in pairs)

* Day 2: Application of Modelling and Simulation Methods
Practice02: Java Basics + First Model (in pairs)

LecO4: SDS Modelling

GroupActivity01: Conceptual Modelling (in small groups)
LecO5: DES Modelling

Practice03: SDS or DES Tutorials (in pairs)

© 0 N o U
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Seminar Organisation

* Day 3: Application of Modelling and Simulation Methods

10.
11.
12.
13.

GroupActivity02: Focus Group (in small groups)

Lec06: ABS Modelling + Hybrids

Practice04: ABS Tutorial 1: Wind Turbine Maintenance (in pairs)
Practice05: Exploring the AnyLogic Model Library (optional)

* Day 4: Knowledge Gathering

14.
15.
16.
17.

Practice06: ABS Tutorial 2: Blob World (in pairs)

LecO7: Input Modelling / Experimentation / Output Analysis
GroupActivity03: Discussion of your own project ideas (whole group)
LecO8: Model Verification and Validation

Feedback

) g
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Seminar Organisation

e Recommended reading:

— There is no course book that covers all topics!
* Borshchev (2013) The Big Book of Simulation Modeling
* Robinson (2004) Simulation: The Practice of Model Development and Use
* WSC Proceedings: Introductory Tutorials (http://www.informs-sim.org/)

e Software and resources
— Simulation IDE: AnyLogic (url)
— Java programming:
» Sierra and Bates (2009) Head First Java - 2e
* The New Boston: Java for Beginners (url)
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http://www.informs-sim.org/
http://www.informs-sim.org/
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http://www.xjtek.com/
http://thenewboston.org/list.php?cat=31
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Motivation

* Introduce the idea of "Would Be Worlds" (casti 1998
* Introduce terminology used throughout the seminar
* Introduce the different simulation modelling paradigms
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Simulation Examples

¥ London, Greater London
CRINE LAY | NEXT 24 HOURS
Day Weather Max. Min. wind Humidity
Day MNight {mph} Pressure
(°C) (°C) visibility

Thu 20 14

Heawvy Rain

:
.
.
Mon 17 11

Light Rain Shower

B0%
1007 mb
Poor >

94%
1005mb
Poor

59%
1012mb
wery good

=L
1012mb
Good

93%
1014mb
Good

Last updated at 09:50, Thursday 23 September
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Current Balance 594,953
5 \/” Monthiy Income. §31.356

Monbly Expernes 530025 ||
Month End Cash 596,284
2235655 =
"o )

)
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Simulation Examples

My Simulation Projects

— Simulating Retail Management Practices

* Investigating the impact of human resource management practices on
customer satisfaction

— Modelling and Analysing Cargo Screening Processes
e Optimising the process flow of the cargo screening process
» Using simulation for cost-benefit analysis (risk assessment)

— Future Energy Decision Making for Cities
* Modelling Energy Consumption Patterns
* Testing governmental intervention strategies
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Simulation Examples

My Simulation Projects
— Sustaining Urban Habitats: An Interdisciplinary Approach

* Explore ways of combining environmental and economic modelling with
social and cultural ethnographic work to simulate urban sustainability

» Studying two transition cities in Europe and two growth cities in China

— Agent Based Modelling for Simulating Peacebuilding

e Create an innovative framework that supports the development of object
oriented agent based simulation models of peacebuilding activities

* Test the validity of the framework through the case of peacebuilding
efforts made by China
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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

* 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)
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— Designed abstract systems (mathematics, literature)
— Human activity systems (family, city, political system)
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Systems

* Operations 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 behavior and relationship within social systems.

* Economic system:

— Particular set of social institutions which deals with the production,
distribution, and consumption of goods and services.

The University of
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Systems

e QOperations 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 behavior and relationship within social systems.

* Economic system:

— Particular set of social institutions which deals with the production,
distribution, and consumption of goods and services
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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

* mathematical equations, diagrams, physical mock-ups

* Why model?

— Models give us a comprehensible representations of a systems
e Something to think about

* Something to communicate about

The University of
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Simulation

e 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)

The University of
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Nature of Operations Systems

* QOperations systems are subject to variability

— Predictable variability
» E.g. staff rota, planned maintenance of machines

— Unpredictable variability

e E.g. customer arrivals, machine breakdowns

» QOperations systems are interconnected

— Components of a system affect one another
e E.g. customers in a three stage service process

[Robinson 2004]
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Nature of Operations Systems

* QOperations 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

* |n simulation studies we are able to explicitly represent the
variability, interconnectedness, and complexity of operations

systems

[Robinson 2004]
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Why Simulate?

* Itis 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

The University of
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Why Simulate?

* Advantages: Simulation vs. other modelling approaches

— Analytical methods used in Operations Research (examples)

* Linear Programming
INTRODUCTION TO

* Network Analysis OPERATIONS
« Dynamic Programming " RESEARCH

* Meta Heuristics

EIGHTH EDITION

 Game Theory

* Markov Chains
* Queuing Theory
e Simulation

The University of
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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

rl' TheUniyersityof
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Why Simulate?

* Disadvantages of simulation:

) g

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!

The University of
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Classification of Simulation

* Static vs. Dynamic:
— Static: No attempts to model a time sequence of changes.
— Dynamic: Updating each entity at each occurring event.

 Deterministic vs. Stochastic:
— Deterministic: Rule based.
— Stochastic: Based on conditional probabilities.

* Discrete vs. Continuous:

— Discrete: Changes in the state of the system occur instantaneously at
random points in time as a result of the occurrence of discrete events.

— Continuous: Changes of the state of the system occur continuously
over time.

rl' TheUniyersityof
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Classification of Simulation

* Static vs. Dynamic:
— Static: No attempts to model a time sequence of changes.
— Dynamic: Updating each entity at each occurring event.

e Deterministic vs. Stochastic:

— Deterministic: Rule based.
— Stochastic: Based on conditional probabilities.

e Discrete vs. Continuous:

— Discrete: Changes in the state of the system occur instantaneously at
random points in time as a result of the occurrence of discrete events.

— Continuous: Changes of the state of the system occur continuously
over time.
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Level of Abstraction

e Simulation can be applied at different stages:
— Strategic
* high abstraction, less detailed, macro level
— Tactical
* middle abstraction, medium details, meso level

— Operational
* |ow abstraction, more details, micro level
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Strategic

Tactical

Operational

r TheUniyersitgof
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Level of Abstraction

Aggregate, global causal dependencies, feedback dynamics

traffic macro modelling, traffic micro modelling,
supply chain management, population dynamics,
financial risk analysis, manufacturing systems,
ecosystems, pedestrian dynamics, health care
applications, health economics, military planning,
business dynamics, warehouse operations

Individual objects, exact sizes, velocities, distances, timings

ASSS 2014

37



Strategic

Tactical

Operational
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Level of Abstraction

Aggregate, global causal dependencies, feedback dynamics
traffic macro population business health
. ecosystems . . .
modelling dynamics dynamics economics
financial risk supply chain pedestrian
analysis management dynamics
military
planning
health care
applications
manufacturing traffic micro warehouse
systems modelling operations
Individual objects, exact sizes, velocities, distances, timings

ASSS 2014
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Paradigms

e System Dynamics Modelling (SDM) and Simulation (SDS)
— Modelling: Stock and flow diagrams
— Simulation: Deterministic continuous (differential equations)

e Discrete Event Modelling (DEM) and Simulation (DES)

— Modelling: Flow charts
— Simulation: Stochastic discrete (process oriented approach)

* Agent Based Modelling (ABM) and Simulation (ABS)

— Modelling: Equations or state charts
— Simulation: Stochastic discrete (object oriented approach)

* Mixed Method Modelling (MMM) and Simulation (MMS)
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Paradigms

* SDM * DEM

PotentialAdopters AdoptionRate Adopters source queus delay sink
O
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@._ n‘-.._‘ |'I I"._ @ ContactRate
Y,
AdEffectiveness ||| \6 AdoptionFraction

. II'I
@ TotalPopulation

e ABM e —

i E m statechart
EH:“;] Model H-E¥ Simulation: Main
= 0 [

[+-€9 Person

=-€3 Simulation: Main € people []

] [
e Q environment

3 The University of
' | Nottingham

UNITED KINGDOM -« CHINA - MALAYSIA

ASSS 2014

40



Paradigms

* Simple examples

y [EDUCATIONAL USE ONLY]
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Models/SD-Model/SD-Model.html
Models/DE-Model/DE-Model.html
Models/AB-Model/AB-Model.html
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Paradigms

Aggregate, global causal dependencies, feedback dynamics

Agent
Based

Individual objects, exact sizes, velocities, distances, timings
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Paradigms

 Alternative view:

Process oriented
world view
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Summary

 What did you learn?
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