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Motivation

* Introduce you to the relevant terminology

* Show you how an ABS works internally

* Show you how to build an ABM model from scratch

* Discuss the idea of hybrid models in OR/MS
 Demonstrate how all of this can be applied in practice
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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 simulation models

— Combining ideas from OR, Social Science, Psychology, Sociology, and
Software Engineering to achieve this
* 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

e Technical aspects
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Personal Introduction
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Personal Introduction
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Personal Introduction

* Related topics

Mathematical Modelling

Il'f System Dynamics (S0
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Simulation Modelling Approaches
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Simulation Modelling Approaches

Process Oriented
(PO) world view

System Dynamics Modelling
(OR/MS + Business)
) Theory Driven

Process based

decision making Process Flow Modelling

(OR/MS)
Data Driven

Al

Object Oriented

(O0) world view Agent-Based Modelling

=>

Entity based Theory Driven

decision making

(Business + Social Science + Economics)

b

Multi Agent Systems
(Software Engineering)
Data Driven

"¢

b

YW Y

PO Process Flow Modelling
(OR/MS)
Data Driven

0O Process Flow Modelling
(OR/MS)
Data Driven

00 Agent-Based Modelling
{OR/MS +B +SS + E)
Data + Theory Driven

%ther Hybrid Modelling

p"
”

(OR/MS)

AO Process Flow Modelling
Data + Theory Driven

Data Driven: Data for model formulation (in Social Sciences can be quantitative and qualitative); data for model validation

Theory Driven: Theories for model formulation; data for model validation
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Simulation Modelling Approaches

* Process Oriented Process Flow Modelling
— Traditional DES Modelling (what is described in books and papers)
— Entities are routed through the system

* Object Oriented Process Flow Modelling

— Entities defined as classes

P .
p \

— Entities make decisions where to go — = \( \
/PO Process Flow Modelling ~ N\
/ (OR/MS) ) \_|  Other Hybrid Modelling }'
\\\\ Data Driven / ‘\\ //
/00 Process Flow Modelling
( (OR/MS) )
Data Driven / e
\ / AO Process Flow Modelling
\ (OR/MS) }'
(; m\\. . Data + Theory Driven //

(OR/MS + B +SS + E) }'

\ Data + Theory Driven /
N //
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Simulation Modelling Approaches

* Object Oriented Agent-Based Modelling

— Entities defined as classes

— Entities are intelligent objects that interact a N
— Entities make decisions and have a memory osces toumoseiine \( f/ Y
I DL(tJaR/DI\r/iljln /’F\ \\\ Other Hybrid Modelling /\
— Process: No concept of queues and flows
[Cg Process FI/ow Modell;;\\
(OR/Ms) )
. Data Driven //// s //,/;W\
\ (OR/MS)

* Agent Oriented Process Flow Modelling | eommasesmesne, pM e

(OR/MS +B + 55 + E) )
\ Data + Theory Driven /
\\

— Entities defined as classes

— Entities are intelligent objects that interact
— Entities make decisions and have a memory
— Process: Organised in terms of queues and flows
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Object Oriented
Agent-Based Modelling and Simulation
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Agent-Based Modelling

HeroeS and Cowa rdS Game [Wilensky and Rand in press]

Hero ( Friend ﬁ Enemy

Coward Friend

The University of

Nottingham Southampton Seminar 2014
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e Heroes and Cowards Game : All heroes

Heroes and Cowards - NetLogo {D:\Publications\Presentations + Posters|201412014-07 Soutl

The University of
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Agent-Based Modelling

File Edit Tools Zoom Tabs Help
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Agent-Based Modelling

e Heroes and Cowards Game: All cowards

Heroes and Cowards - NetLogo {D:\Publications\Presentations + Posters|201412014-07 Soutl
File Edit Tools Zoom Tabs Help

The University of
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¢ HeroeS and Cowa rdS Game [Wilensky and Rand in press]
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Agent-Based Modelling

Heroes and Cowards - NetLogo {D:\Teaching\Short Courses\ESM2013-Tutorial}
File Edit Tools Zoom Tabs Help

=1l

Interface | Info COdEl

2| | [Procedues~| | % mcent automatcay
Check

Find...

to setup
clear-all
ask patches [ set pcolor white ] ;3 create a blank baclkground
create-turtles number [

setxy random-xcor random-ycor

;3 set the turtle personalities based on chooser

if (personalities = "brave") [ set color blue ]
if (personalities = "cowardly") [ set color red ]
if (personalities = "mixed") [ set color one-of [ red blus ] ]

;3 choose friend and enemy targets
set friend one-of other turtles
set enemy one-of other turtles

reset-ticks

end
to go
ask turtles [
if (color = blue) [ act-bravely ]
if (color = red) [ act-cowardly ]
tick
end

to act-bravely
11 move toward the midpoint of your friend and enemy
facexy ([xcor] of friend + [xcor] of enemy) / 2
([ycor] of friend + [ycor] of enemy) / 2
fd 0.1
end

to act-cowardly
;1 put yvour friend between you and your enemy
facexy [xcor] of friend + ([xcor] of friend - [xcor] of enemy) / 2
[vcor] of friend + ([vcor] of friend - [ycor] of enemy) / 2
fd 0.1
end

i Copyright 2010 Uri Wilensky.
3 See Info tab for full copyright and license.

Southampton Seminar 2014
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Agent-Based Modelling

* In Agent-Based Modelling (ABM), a system is modelled as a
collection of autonomous decision-making entities called
agents. Each agent individually assesses its situation and
makes decisions on the basis of a set of rules.

e ABM is a mindset more than a technology. The ABM mindset
consists of describing a system from the perspective of its
CO”St'tuent un|tS [Bonabeau 2002]

 ABM is well suited to modelling systems with heterogeneous,
autonomous and proactive actors, such as human-centred
systems.

The University of
Nottlngham Southampton Seminar 2014 21
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Agent-Based Modelling

Borrowing from Artificial Intelligence: From simple to complex

— Simple reflex agent

4 ) N
AGENT

percepts
Sensors -

What is the
world like now

ENVIRONMENT

Condition-action Action to
(if-then) rules be done
¢ actions

Actuators -

- J N J

Russell and Norvig (2003)

r TheUniyersitgof
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Agent-Based Modelling

* Borrowing from Artificial Intelligence: From simple to complex

— Learning agent

-

AGENT

Performance
Standard

- ———————————SENSors -

percepts

Critic
feedbackl
changes
Learning Performance
element | k.”DW|E‘dQE element

learning goals¢

Problem
Generator

/eriments

actions

ENVIROMMENT

-

Effectors

r TheUniyersitgof
4 | Nottingham
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Agent-Based Modelling

* What do we mean by "agent"?
— Agents are objects with attitude!

* Properties:

— Discrete entities

e With their own goals and behaviours
e With their own memory
e With their own thread of control
— Autonomous decisions
e Capable to adapt
e Capable to modify their behaviour
— Proactive behaviour

* Actions depending on motivations generated from their internal state

The University of

I : :
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Agent-Based Modelling

* The agents can represent individuals, households,

organisations, companies, nations, ... depending on the
application.

 ABMs are essentially decentralised; there is no place where
global system behaviour (dynamics) would be defined.

* Instead, the individual agents interact with each other and

their environment to produce complex collective behaviour
patterns.

The University of

I : :
[ Nottingham Southampton Seminar 2014
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Agent-Based Modelling

* Benefits of ABM
— ABM provides a natural description of systems
— ABM captures emergent phenomena

* Emergence
— Emergent phenomena result from the interactions of individual
entities. The whole is more than the sum of its parts [aristotle Bc) because
of the interactions between the parts.
— An emergent phenomenon can have properties that are decoupled
from the properties of the part (e.g. patterns appearing).

— Example: Traffic Jam Dynamics

The University of

Nottingham Southampton Seminar 2014 26
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\ . 4

Agent-Based Modelling B ' -
o

o When tO use ABI\/I’P [Siebers et al. 2010] €

) g

When the problem has a natural representation as agents - when the
goal is modelling the behaviours of individuals in a diverse population

When agents have relationships with other agents, especially dynamic
relationships - agent relationships form and dissipate, e.g., structured
contact, social networks

When it is important that individual agents have spatial or geo-spatial
aspects to their behaviours (e.g. agents move over a landscape)

When it is important that agents learn or adapt, or populations adapt

When agents engage in strategic behaviour, and anticipate other
agents' reactions when making their decisions

The University of

Nottingham Southampton Seminar 2014 27
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Agent-Based Simulation (in OR/MS)

* Agent-Based Simulation (ABS) is the process of designing an
ABM of a system and conducting experiments with this model
for the purpose of understanding the behaviour of the
system and/or evaluating various strategies to influence the
behaviour of entities within the system (adapted from shannon, 1975]

The University of

I : :
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Agent-Based Simulation

A word of caution:

— Many different developments have been going on under the slogan of
Agent Based Simulation in very different disciplines

* Two main paradigms:
— Multi-agent decision systems
e Usually embedded agents or a simulation of embedded agents
* Focus is on decision making
— Multi-agent simulation systems

* The multi-agent system is used as a model to simulate some real-world
domain and recreate some real world phenomena

r Theuniyersitgof
# | Nottingham
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Agent-Based Simulation

* The Sims: Interactive Organisational Agent-Based Simulation

The University of

Nottingham Southampton Seminar 2014 30
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Agent-Based Simulation

* Building an ABS model (OR/MS) « Alternative (e.g. Ecology)
— ldentify active entities (agents) l Gt

— Define their states and behaviour

— Put them in an environment

Formulate the
question

— Establish connections

Analyze the Assemble

model J hypothesis
— Test the model AnyLogic Help (2013) B U
model structure
. . Parametrize the
* Validating an ABS model
— System behaviour is an emergent property Grimm and Railsback (2005)

— Validation on a micro level

The University of

¢ .
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Agent-Based Simulation — Updating Information

* Synchronous approach maca 2013

— Loop over time horizon
* Loop over randomised list of agents. For each agent A in list:

— Execute agent A behaviour

— Update state of agent A (based on agent A's state, the states of agents that
interact with agent A, and the state of the environment).

— Update other agents states and the environment (if appropriate)

* End loop over randomized list of agents

— Increment t in time loop and repeat until end of simulation time
horizon

The University of

¢ .
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Agent-Based Simulation — Updating Information

e Asynchronous approach (openasm.org 2014

— Event driven
* An action of one agent may trigger the updating of another agent

— Example: An agent A sending messages to an agent B

The University of
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Using UML for ABM

,' cars_off_tbp livello_servizio - ) v
| k

r TheUniyersitgof
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Unified Modelling Language (UML)

UML 2.4 Diagram
Structure Diagram Behavior Diagram
I\ i
Class Diagram : UseCase Diagram
Object Diagram — Activity Diagram S
Package Diagram 4|{ S L DRI ‘I
Diagram
Model Diagram i — Interaction Diagram
A
Composite Structure
Diagram ——1 Sequence Diagram
Component Diagram —— Corrg:l;;::;tuon
Manifestation Diagram _J, Timing Diagram
i Interaction Overview
Deployment Diagram —— Diagram
Network Architecture
Diagram
Profile Diagram —
I. The University of
Nottingham Southampton Seminar 2014
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Defining Behaviour Using State Charts

* Typical elements of a state chart diagram

— States

* Represents a location of control with a particular set of reactions to
conditions and/or events

State ‘

e Examples —
— Cup can be in state full or empty
— Person can be in state idle or busy

— Transitions

« Movement between states, triggered by a specific event

The University of
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Defining Behaviour Using State Charts

* Typical elements of a state chart diagram

T statechartEntryPointer i compoundState2

loopTransition

B

" compountStatel i compoundState3

branch SImFiIESEtEq'
simpleState 1 S
transition

simpleStates

simpleStates ‘

simpleState?
internalTransition | simpleState3
@~ -® |
shallowHistory deepHistory initialState

/ @ \ A

finalstate

A
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Simple Agent-Based Simulation Example

) (4" Model2 : Simulation - AnyLogic University [EDUCATIONAL USE ONLY] , i =] 4
E@ AB-Model > »i o @0 @G| @ & @fotvan 5| @ | D ¥ AnyLogic
-3 Main
ﬂ Person

: 100
: P ; people intBlue
& simulation: Main @ PO i 051
S04 ¥
@ environment 0
100 agents

= 0 20 40 60 80 100

— intBlue
:r::_
1 b
' ' :' ' . .. Ipenple[3] ;I

“@ statechart .
[ StateBlue ] ‘ ] ~ i .' ~. § _ |
1 ' . " ' ' ' statechart
Y . ' . ' StateBlue
b " | B

L
i f |

i '. B StateRed
bV gt =)

Run: 0 ) Finished | Time: 100.00 | Simulation:

| Memory: [l 11M of 61M (]
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Building a Simple State Chart Step-by-Step

* Simulation an Office
— Who are the actors?
— What are the key locations you can find them?
— What are key time consuming activities they get involved in?

The University of

E Nottingham Southampton Seminar 2014
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Building a Simple State Chart Step-by-Step

 What is the principal difference between these solutions?

T OfficeWarker_centralised ) OfficeWorker_decentralised

= - =, =
(" atHome —-[ elseWhere " atHome ’:—[ elseWhere ‘
b = - - = ~

L I fl |
" atDffice " " atOffice )
history

M.
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Agent Oriented Process Flow Modelling
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Agent-Based Simulation in OR/MS

e Simulation facts in different disciplines

Operations Research

Business, Economics, Social Science

Empirical basis

Theoretical basis

Improving the real world

Thinking about the real world

Data collection and analysis

Dynamic hypothesis

Validation: Sufficient accuracy for purpose

Plausibility: Seeming reasonable or probable

Implementing findings

Learning + understanding

rl' Theuniyersitgof
# | Nottingham
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Agent-Based Simulation in OR/MS

e Hybrid solution for OR/MS

— Combining process flow and agent based modelling ideas

* Representing the process flow using a process flow modelling approach
but replacing the passive entities usually used in process flow models by
active entities that have a memory, are autonomous, and can display
proactive behaviour.

The University of
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Communication
layer

Agent layer

DES layer

w TheUniyersitgof
A | Nottingham
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Direct interactions
Network activities

Active entities
Behavioural state
charts

Passive entities
Queues
Processes
Resources
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Case Study 1
Department Store Customer Service

(For more details see Siebers and Aickelin 2011)
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Case Study 1: Context

e (Case study sector

— Retail (department store operations)

* Developing some tools for understanding the impact of
management practices on company performance
— Operational management practices are well researched
— People management practices are often neglected

e Problem:

— How can we model proactive customer service behaviour?

rl' TheUniyersityof
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Case Study 1: Modelling

* Two case studies at two different locations
— Two departments (A&TV and WW) at two department stores

* Knowledge gathering
— Informal participant observations
— Staff interviews
— Informational sources internal to the case study organisation

r Theuniyersitgof
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Case Study 1: Modelling

Conceptual model

Customer Agent

Shopping need, attitudes,
demographics etc.

Visual Dynamic Stochastic Simulation Model

Sales Staff Agent

Attitudes, length of service,
competencies, training etc.

Manager Agent

*

-

Leadership quality, length of
service, competencies,
training etc.

v
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Global Parameters

Number of customers, sales
staff, managers etc.
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Interface for User
Interaction during Runtime

-

B

Emergent behavior on macro
level

Understanding about
interactions of entities within
the system

Identification of bottlenecks

Performance Measures

Staff utilization, average
response time, customer
satisfaction etc.
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Case Study 1: Modelling

Ttushorner
elsewhere

—E

atShop

?suﬁ
- e
G = G

meToBuv
Cushomer
\W
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Case Study 1: Implementation

e Software: AnylLogic v5

— Multi-method simulation software (SD, DES, ABS)
— State charts + Java code

The University of

Nottingham
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Case Study 1: Implementation

 Knowledge representation

— Frequency distributions for determining state change delays

Situation Min. | Mode | Max.
Leave browse state after ... 1 7 15
Leave help state after ... 3 15 30
Leave pay queue (no patience) after ... 5 12 20

— Probability distributions to represent decisions made

Event Probability of event
Someone makes a purchase after browsing 0.37
Someone requires help 0.38
Someone makes a purchase after getting help 0.56

r TheUniyersityof
# | Nottingham
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Case Study 1: Implementation

* Implementation of customer archetypes

Likelihood to
Customer type -
buy wait ask for help |ask for refund
Shopping enthusiast high moderate moderate low
Solution demander high low low low
Service seeker moderate high high low
Disinterested shopper low low low high
Internet shopper low high high low

for (each threshold to be corrected) do {
if (OT < 0.5) limit = OT/2 else limit = (1-OT)/2
if (likelihood = 0) CT = OT — limit
if (likelihood = 1) CT = OT
if (likelihood =2) CT = OT + limit
}
where: OT = original threshold
CT = corrected threshold
likelihood: O = low, 1 = moderate, 2 = high

r TheUniyersityof
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Case Study 1: Implementation

* Implementation of staff proactiveness

— Non-cashier staff opening and closing tills proactively depending on
demand and staff availability

— Expert staff helping out as normal staff

* Other noteworthy features of the model
— Realistic footfall and opening hours
— Staff pool (static)
— Customer pool (dynamic)

— Customer evolution through internal stimulation (triggered by
memory of ones own previous shopping experience)

— Customer evolution through external stimulation (word of mouth)

rl' TheUniyersityof
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Case Study 1: Implementation

* Performance measures :

— Service performance measures

* Service experience

— Utilisation performance measures
 Staff utilisation

 Staff busy times in different roles

— Level of proactivity
* Frequency and duration of role swaps

— Monetary performance measures (productivity and profitability)
e Overall staff cost per day
e Sales turnover
» Sales per employee

rl' TheUniyersitgof
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Case Study 1: Experimentation

=loix

P IM s 12 01 w2 xs vr@ "M-ml«w
Department: Audio & TV (A&TV) Sunday: Shop open for 8 hours *1 = number of people queteing for this service

*2 = 9% of those leaving the queue
*3 = considering accumulated history [number]
*4 = considering accumnulated history [satisfaction growth]

- . . . . . . . . . *5 = experience per visit [number]

*6 = experience per visit [satisfaction growth]

red: cashier green: normal staff member  blue: expert staff member magenta: section manager yellow: department manager cyan: advisor
lighter colours: free  darker colours: serving  very dark colours: supporting (expert advice)

real planned vears  weeks days hours  minutes Current customer population: 8000
Average arrival rate per hour: 73 (73) Runtime: 0 21 0 5 52
Customersinstore: 27 [ ] Overall customers: 86255 100 % Transactions: 29101
- browsing: s I ] - leave happy (transaction or refund): 29101 34 %  *1 ) Av, Transaction [£]: 149.7
- seeking help: o [ - leave not waiting for normal help: 2464 3% 19921 12% Sales [£]: 4,356,420
-queuing forhel: 0 [ ] - leave not waiting for expert help: 826 1% 1907 43 % Missed [£]: 8,551,912
- standard: [u] - leave not waiting to pay: 10855 13% 39001 28%
- expert: [u] - leave without finding anything: 42982 S50 %
- refund author.: [u] - leave unhappy (no refund): 1] 0% Customers left: 86228 477406
- getting help: 7 ] *3 100 % *4 = 100 % *6
- standard: br Till queue length: mean: 3.78; max: 17.0 - satisfied (> O): 61697 72% 518960 35188 41% 101567
- expert: 0 Normal help queue length: mean: 1.25; max: 14.0 - don't know (= 0): 10574 12 % 40652 47 %
- refund author.: [u] Expert help queue length: mean: 0.08; max: 4.0 - not satisfied (< O): 13957 16% -41554 10388 12% -26726
- wait at till: s N ] Overal refunds: 0 100 %
- to pay: 8 Overall Satisfaction Level Index: 477406 - refunds accepted: 0 0%
- for refund: 0 - shopping: 477406 - refunds denied: 0 0% %3 *2,
- served at till: 3 B - refund: 0 - leave not waiting for refund decision: 0 0% 0 0%
- to pay: 3 - leave not waiting for author, decision: 0 0% 0 0%
- for refund: [u] Overall decisions by cashier: 0
Important parameters: Overall decisions by authorised person: 0
Finite population: - Replication number: 3 | lserved 255 11 served O
- shopping enthusiasts: 400 - Empowerment level of cashier for refunds: 0.7 2served 435 12 served 0
- solution demanders: 3200 - Probability that refund is granted by cashier: 0.8 3served 265 13 served 0
- service seekers: 3200 - Probability that refund is granted by authoriser: 0.7 4 served 164 14 served O
- disinterested shoppers: 400 - Probability that staff stay with customer: 1] Sserved 74 15 served O
- internet shoppers: 800 - Points required to become an expert: 100000 6served 47 16 served O
. ’ . - Word of mouth adoption fraction: 0.5 7 served 25 17 served O
inthurProactiveOpportunity: 0
X i § - Word of mouth contact rate: 0 Sserved 17 18 served O
intSumProactiveOpportunity 30741
i - g 9served 10 19 served O
intSumCustomersPickedProactively: 3740
10 served 11 20 served 0
i P T, ) 50.0% 100:0%
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Case Study 1: Experimentation

* Real world (practical)
— Staffing levels
— Staff autonomy (refund, learning)
— Staff training requirements

* Abstract (theoretical)
— Extreme populations (customer types)
— Level of detail (noise vs. noise reduction mode)
— Different forms of customer pool implementations
— Advertisement through spread of the word of mouth

* Validation
— Testing parameters
The University of

I Nottingham
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Case Study 2
Office Energy Consumption

(For more details see Zhang et al 2010)

A non-queuing system

The University of

Nottingham
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Case Study 2: Context

e Office building energy consumption
— We focus on modelling electricity consumption
— Organisational dilemma

* Need to meet the energy needs of staff

* Need to minimise its energy consumption through effective organisational
energy management policies/regulations

* Objective

— Test the effectiveness of different electricity management strategies,
and solve practical office electricity consumption problems

The University of

I : :
I Nottlngham Southampton Seminar 2014 58

UNITED KINGDOM -« CHINA - MALAYSIA




Case Study 2: Modelling

e Electricity consumption (case study)

— Base electricity consumption: security devices, information displays,
computer servers, shared printers and ventilation systems.

— Flexible electricity consumption: lights and office computers.

e Current electricity management technologies (case study)
— Each room is equipped with light sensors
— Each floor is equipped with half-hourly metering system

» Strategic questions to be answered (case study)
— Automated vs. manual lighting management
— Local vs. global energy consumption information

rl' TheUniyersityof
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Case Study 2: Modelling

* We distinguishing base appliances and flexible appliance

— Examples for base appliances
* Security cameras
* Information displays
e Computer servers

* Refrigerators

— Examples for flexible appliances
e Lights
* Desktop computers
* Printers

The University of
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Case Study 2: Modelling

e The mathematical model

— Ctotal = Cbase + Cflexible
* where Cflexible = B1*Cf1+ B2*Cf2+ ... + Bn*Cfn

e and Cfl ...Cfn = maximum electricity consumption of each flexible
appliance
* and B1 ... Bn = parameters reflecting the behaviour of the electricity user
— B close to 0 = electricity user switches flexible appliances always off
— B close to 1 = electricity user leaves flexible appliances always on

— Ctotal = Cbase + (B1*Cf1+ B2*Cf2+ ... + Bn*Cfn)

r Theuniyersitgof
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Case Study 2: Modelling

 Knowledge gathering

— Consultations with the school's director of operations and the
university estate office

— Survey amongst the school's 200 PhD students and staff on electricity
use behaviour (response rate 71.5%)

* User stereotypes
— Working hour habits
* Early birds, timetable compliers, flexible workers
— Energy saving awareness

* Environment champion; energy saver; regular user; big user

r Theuniyersitgof
# | Nottingham

UNITED KINGDOM -« CHINA - MALAYSIA




Case Study 2: Modelling

 Conceptual model

Base electric appliances

Base Electricity Consumption

Computeragent 1 Iﬁ

Computeragent 2 =<

Computeragentn [«

A 4 vV VY

Energy user agent 1 |

System Level
Electricity @ Energy user agent 2 |

Consumption of Energy user agent n
the School E
244 ; ) |
Lightagent 1 ﬁ
Light agent 2 i‘ |
Light agent n <
] Flexible Electricity Consumption
r The University of RSSO 3
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Case Study 2: Modelling

T Energylser

(
nSchool 1
:. T :
OwnOffice * inOtherRoom
®

mm

mud-uen ] [ inTolet

=D &

. Computer
9 Light

)
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Case Study 2: Implementation

(& AnyLogic University [EDUCATIONAL USE ONLY]
File Edit View Draw Model Window Help

18- CHB|UD| R |aw0-| v |8 alor A @[T Do % | @t

%2 Projects &2 | = 0O || &) Main IB] User 23 | &) Computer IBj Light | = O|| [& palette 52 ¥ & =0
= @ EnergyProject2* & | %) General ‘
B-€ Computer Users in this office
() officeName @ausers () ioinOffice @ Parameter a
. () leaveOffice £ Event
() officeSize sl
Computers in this office @ Dynamic Event
; . () numberOfComputers @computers @ Plain Variable
i @ WriteToFile @ lecti
€ simulation: Main () numberOFLights lights in this office i 159 Collection
@Iights statechart (@ Function
() timeOFficelnoccupied _AI| @ Table Function
vacant
0 energyConsumption g SwitchOFfLights - Schedule
[m] Port
calculateEnergyConsumption c b ]
Boundaries of office g ( fullyInUse ):( partlyInUse ] ) on'nec or =
0 shape_line 4 animation @ Environment :j
= | L, System Dynamics l
4 | | I ', Statechart I
& console | £ Properties £2 |@ Log| i = | %3, Actionchart |
% switchOffLights - Event | ila Analysis |
| -~ 2
- Z41|| B Presentation
[£1 Problems &2 | 4 Search 5 General Name:  SwitchOFFLights | Show name [ Ignore Show at runtime I |
=, = || Description I b‘ g I
I 3 . "
Trigger type: [Tlmeout - Mode: | Cyclic 'l l%lg Controls J
I Description ) .
First occurrence time (absolute) @ u} ‘ I (% Connectivity I
26.02.2010 v 144 <
© -l I12 49302 j | ¥ Enterprise Library I
Recurrence time: ¢
[ I I & Pedestrian Library I
Action: | 7§ Pictures |
if (timeOfficelUnoccupied + get_Main() .automaticSwitchOffTime - | % 3D Objects |
for (Light lgt : lights) {
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ase Study 2: Experimentation

& EnergyProject1

ulation - AnyLogic University [EDUCATIONAL USE ONLY]

External

Date: Apr 12, 2011 5:58:11 PM

Energy Management Strategy
© Automated
@ staff controlled

' combined

Light Automatic Switch-Off Time

J—

simullationTime: scenario
0 11,200 o automated {®) dailyEnergyConsumption 1 &0
) hourlySchoolEnergyConsumption ) threshold 0 samples

508,835,115 s () initModelstructure

movesCounter ) automaticsmitchOffTime X
0[&- i O . ysaied 3 Findoffice
o 6|Dssaf \sdle yejysatisfe Animation

satisfie

29 4; energyConsumptionCalculation @ Staff
& ity O gy :

ice aht

€ users € computers £ usersatistactionCount € Room

User [213] Computer [180] 0
k 7t

environment

4313 agents 30,000
20,000 + .
10,000 feom=sassas 7
5 H : H
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

Run: 0 (3 Running | Time: 1130095 ¢ | Simulation: Stop time notset | [+
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Case Study 2: Experimentation

e Validation

— Comparing simulation and empirical results

00
o

o

[ BN |
o

wn
o

S
o

w
o

N
o

Electricity consumption [kWh]

[uny
o

o

Day of the week

Automated operation: Base scenario (simulation) = Automated operation: Empirical data
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Case Study 2: Experimentation

* Scenario #1

— Comparing automated and manual operation (low user interaction)

80
"§ 70
= o P an N ™ Voo N 7N N
§ J;
3 50
S 40
(7]
[ =
£ N e\ 8
g n K.
g 20 v v W
k3]
2 10
w Monday Tuesday Wednesday Thursday Friday Saturday Sunday
0
Day of the week
== Automated operation: Base scenario (simulation) == Manual operation: High user interaction (simulation)
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Outlook

The Future
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SimPB — Simulating Peace Building in Africa

* For more information see: http://www.cs.nott.ac.uk/~pos/research.html

SimPB Framework

Agent template Simulation of peacebuilding activities

Archetype

Using Software Engineering
methods {e.g. UML)
Defines likelihood of State Chart
actions based on actor
perception and
behaviour

Informs —————influence transition probabilities of the individual agents:
design

+ O

Qutput

Agents are communicating (networking)

informs. I - T r——T
Data pool design pecifi validity of base model

provide data provide data collection requirements
Data Collection

. Content analysis Decision Support

= 9 -co -
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http://www.cs.nott.ac.uk/~pos/research.html
http://www.cs.nott.ac.uk/~pos/research.html

Sustaining Urban Habitats

* For more information see: http://www.cs.nott.ac.uk/~pos/research.html

Conceptual modelling (strategic level: support understand) <t provide / validate
Theme #1: Theme #2 Theme #3
c 4
o E Environment Social and Cultural Economic Theme #4
=
2 g Data collection Data collection Data collection Measurement and Data
£ g : ;
wn s E Discipline specific models Discipline specific models / Discipline specific models Big datz'a @odelllng
*® Q 2 Data mining
(e} ] inform inform >
g © B30 \ﬂ/ Data analysis
c !
g £ \”/ - | Data fusien
[ E’ < ™
= E
o 8
B ¢
s b Qualitative and Qualitative and Qualitative and
S quantitative data quantitative data quantitative data
= = Fe Theme #6
S S S
5% 5% 5% Policy and Governance
w w w
m m m
Simulation modelling and optimisation {tactical and operational level: what-if analysis) Using modelsf:‘g;:;;port deckion
A
provide / validate
» " "
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Recommended reading

 Discussion

— Discrete-event simulation is dead, long live agent-based simulation! [url]
— Discrete-event simulation is alive and kicking [url]

* Howlo

—  From System Dynamics and Discrete Event to Practical Agent Based Modeling: Reasons, Techniques, Tools [url]
— Graphical Representation of Agent-Based Models in Operational Research and Management Science using UML [url]
—  JASSS Article: UML for ABM [url]

 Simulation Course

—  RWTH Aachen Summer Simulation Seminar 2014 [url]
—  ESSA Summer School [url]
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http://scholar.google.co.uk/scholar?q="Discrete-Event+Simulation+is+Dead,+Long+Live+Agent-Based+Simulation!"
http://scholar.google.co.uk/scholar?q=discrete-event+simulation+is+alive+and+kicking
http://scholar.google.co.uk/scholar?q=From+system+dynamics+and+discrete+event+to+practical+agent+based+modeling:+reasons,+techniques,+tools
http://scholar.google.co.uk/scholar?q=Graphical+Representation+of+Agent-Based+Models+in+Operational+Research+and+Management+Science+using+UML
http://jasss.soc.surrey.ac.uk/15/1/9.html
http://www.cs.nott.ac.uk/~pos/asss2014/index.html
http://www.tuhh.de/essa/lectures-material.html
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