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* Medical Condition
* Functional (Dissociative) Seizure

Mission Statement

"Research is formalized curiosity. It is poking and prying with a purpose.” -Zora Neale Hurston [more info]
"Ich will, ich kann, ich muss" (I will, I can, I have to) -Joachim Deckarm [more info]

My main research topic is the application of and to study human-centric
and coupled human-natural complex adaptive systems. I am a strong advocate of Object Oriented
(00ABSS). This is a novel and highly interdisciplinary research field, involving disciplines like Social

Science, Economics, Psychology, Geography, Operations Research, and . My current research focus
is twofold. On the methodological frontier I aim to advance the model development strategies for OOABS. On the
practical frontier I look at novel uses of simulation for studying Urban Sustainability (including and

J» and people's wellbeing at local and global scale. I am a co-investigator in the Leverhulme funded project
Sustaining_Urban Habitats and a member of the university's "Sustainable and Resilient Cities" Research Priority Area
management team. Furthermore, I am working together with Nottingham City Council's Transport Strategy Department
on some Smart City projects.
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My Research Interests

e Technical Aspects

* Engineering Social Simulations and other Multi-Agent Systems
e Using Software Engineering methods and tools to define all sorts of agents and their interactions
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My Research Interests

* Applications
* My Mission: Applying OO-ABM to as many fields as possible

* Business studies (Risk Assessment; CBA; MCDA)
* Economics (Game Theory; Agent Based Computational Economics)

» Social Sciences (Political Science; Social Simulation)

* Engineering (Manufacturing; Urban Modelling; Energy; Transportation)
* Computer Science (Robotics; Game Development)
* Operations Research (Healthcare)

e Systems Biology (Immunology)

* Medicine (Digital Technology for Mental Health)
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My Research Interests

e Simulating the future of service
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My Research Interests

Everything you always wanted to know about Dr Siebers (academic details only :) - 2" Edition

Poster presented at OR SOCIETY 11th SIMULATION WORKSHOP (SW23) by Peer-Olaf Siebers, School of Computer Scienc, The University of Notingham, UK. Emait peer-olaf siebers@nottingham.ac.uk

After more than 10 years of publishing the first edition of my research agenda | felt that it's time for an update. My current research can be
subsumed under the umbrella of “collaboratively creating artificial labs for better understanding current and future human and mixed
human/robot societies”. | am a strong advocate of agent-based simulation, but | am also open to other approaches. My poster provides
references to my previous and ongoing work, identifies current gaps, and offers ideas for future collaborations.

. S u m m a r H My research aligns towards standardisation of methods and towards considering future scenarios of human/robot interactions in an
[S|ebers 2023] operational and service oriented context. Wherever possible, | aim to introduce techniques from computer science, and in particular
software engineering, to come up with a more structured and transparent approach to simulation modelling. I also embed simulation into

other analysis tools to enable these to consider uncertainties in a more transparent way.

’/ Data Governance \

+Rigour and transparency in ABM data use (RAT-RS) pess: coso soze:cotes:acy
+Qualitative + quantitative data analysis and preparation g
+Synthetic populations

Implement:

n Conc

=MAS design pattern e

=Implementation framework database (literature review)
= Activity Reward/Penalty plugin *SFM e
+Social Norms plugin <BDI
= Trust plugin «Cogpnitive Proactive Al Platform (COPAIP) =y
*Emotion plugin = Collaborative platformum
+Empathy plugin ~Applications
+SDS/DES plugin =Trust framework =

«Domain-related plugins

= Test-driven simulation =2

\
Engineering Agent-Based Social Simulation (EABSS) Framework |

+Conceptual modelling (with and without literature SUpPOTt) we.s cost: pozs:acr. scswez: vy
+Co-creation (participatory modelling) with all stake holders peaw s2s: ceax:pozs: coces: covez)
+Focus group mode vs individual mode with changing roles

+2 hversion vs 8 hour version (different entry points)

+De Bono: “Thinking Hats" (Socrates vs Confucius)

+Use of Unified Modelling Language (UML) gz sc3

+For discussion, creating personas, building conceptual models pozs: scz3
+Combining ABM with other methods (e.g. SDS/DES) geze: cos: oz

=Hypothesis testing
*Sensitivity analysis gz
«Optimisation

s = e
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For full references, please refer to ttp:/AwwWW.CS MOt tions. i

-

External Concepts

+Related to experimentation
+Linking Multi-Criteria Decision Making (MCDM) and ABSS pexr. cour.pos2 acs. seg
«Multi-Attribute vs Multi-Objective
*Surrogate Optimisation eas cesa
*SimHeuristics
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] +Related to implementation

«Distributed Simulation rea rea cean
«Use of Reinforcement Learning in the Context of Simulation
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Agenda

* Introduction
* 09:30-09:45 Personal introductions (15 min)

09:45-10:45 Lecture: Introduction to AB and Hybrid Modelling (60 min)
10:45-11:00 Short break (15 min)

11:00-12:00 Lecture: A Structured Approach to AB/Hybrid Model Development (60 min)
12:00-13:00 Lunch (60 min)

* Practice
e 13:00-14:00 Joint activity: Co-creating a conceptual AB model (60 min)
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Agenda

Software
e 14:00-15:00 Lecture: Introduction to AB modelling in AnyLogic PLE (60 min)
e 15:00-15:15 Short break (15 min)

Presentation
e 15:15-15:45 Research case studies summary (30 min)

Practice
e 15:45-16:30 Small groups: Develop modelling ideas for your own problems (45 min)
e 16:30-16:45 Joint activity: Summarise outcome of previous activity (15 min)

Wrap Up
e 16:45-17:00 General discussion and Q&A (15 min)
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models
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Introduction to AB and Hybrid Modelling (60 min)
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Agent-Based Modelling
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Agent-Based Modelling

Heroes and Cowards

e Consider the following gaming scenario (wilensky and Rand 2015]
e 20 people scattered in a room - no communication

* Game 1: Everyone takes on the role of a Hero by following a simple rule
* Pick two participants and always locate yourself between them to shield one from the other

~\

\ N VY
| Friend K | You I::> Enemy |
N / (& /

-

 What happens when everyone starts moving?
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Agent-Based Modelling

Heroes and Cowards

 Heroes and Cowards Game : All heroes

Heroes and Cowards - NetLogo {D:\Publications\Presentations + Posters|201412014-07 Soutl _|E||1|
File Edit Tools Zoom Tabs Help

Interface I Infol Code |

1 I =
abe Button -l I 1] view updates I
Edlt Delete add P Ion . _I |

G $ s

number 68

personalities

‘ brave

“-

Preset configurations - Press butten, then GO

&
dot frozen
‘ slinley | ‘ spiral |
slinky 2 | spiral 2 |
‘ yo-yo ‘ wandering Flock |

‘ generally cool one that eventually stops |

=
En‘mmﬂld(cnt:r 2| Clesr |
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=
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Agent-Based Modelling

Heroes and Cowards

e Consider the following gaming scenario (wilensky and Rand 2015]
e 20 people scattered in a room - no communication

* Game 2: Everyone takes on the role of a Coward by following a simple rule
* Pick two participants and always use one to shield yourself from the other

™,

I__z = \'| r'./--- = A f./.d- B \
. You 4:> Friend ]:|I>R Enemy |
KM_—.J 4 A _,/ o _,/f

 What happens when everyone starts moving?
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Agent-Based Modelling

Heroes and Cowards

* Heroes and Cowards Game: All cowards

The University of

r Nottingham
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Agent-Based Modelling

Heroes and Cowards

 Heroes and Cowards Game: Source Code

The University of
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Heroes and Cowards - NetLogo {D:\Teaching\Short Courses\FSM2013-Tutorial}
File Edit Tools Zoom Tabs Help

=[5

Interface | Info  Code |

F.f "4 I I [+ Indent automatically
ind...

Check

to setup
clear-all

ask patches [ set pcolor white ] ;; create a blank background
create-turtles number [
setxy random-xcor random-ycor

;i 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 blue ] ]

;i 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
33 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
53 put your friend between you and your enemy
facexy [xcor] of friend + ([xcor] of friend - [xcor] of enemy) / 2
[vcor] of friend + ([yvcor] of friend - [ycor] of enemy) / 2

3 Copyright 2010 Uri Wilensky.

: See Info tab for full copyright and license.
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» Software used: NetLogo

e https://ccl.northwestern.edu/netlogo/
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Agent-Based Modelling

Heroes and Cowards
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* Flocking behaviour
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Agent-Based Modelling

* Flocking behaviour modelling by Craig Reynolds
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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.

« ABM is a mindset more than a technology. The ABM mindset consists of
describing a system from the perspective of its constituent units. (gonabeau 2002

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

* Borrowing from Artificial Intelligence: From simple to complex
» Simple reflex agent

4 ) TN

AGENT

percepts
Sensors -4

What is the
world like now

l ENVIRONMENT
Condition-action Action to
(ifthen) rules be done
actions

Actuators -

. J \. /  [Russell and Norvig 2003]
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Agent-Based Modelling

* Borrowing from Artificial Intelligence: From simple to complex
* Learning agent

4 Performance ) ( )
AGENT Standard
percepts
i S2NS0rs -
Critic ~
N
feedbackl A |
changes ENVIRONMENT M

Learning Performance i;
element | klnowledge element V

learning goals¢ ‘ :
experiments ‘
Problem ‘

Generator

actions
Effectors

\_ Y, \ /  [Russell and Norvig 2003]
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Agent-Based Modelling

 What do we mean by "agent"?
* Agents are "objects with attitude" [sradshaw 1997]

* Properties:

* Discrete entities
e With their own goals and behaviours
e With their own thread of control
* Autonomous decisions
e Capable to adapt
* Capable to modify their behaviour
* Proactive behaviour
* Actions depending on motivations generated from their internal state
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Agent-Based Modelling

* Agents can represent individuals, households, organisations, nations ...
* Discrete entities; autonomous decisions; proactive

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

* |nstead, the individual agents interact with each other and their environment to
produce complex collective behaviour patterns
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Agent-Based Modelling

e Benefits of ABM
 ABM provides a natural description of a system
 ABM captures emergent phenomena

* Emergence
* Emergent phenomena result from the interactions of individual entities. The whole is more
than the sum of its parts [aristotie 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
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Agent-Based Modelling

 When to use ABM (examples)? isiebers et al. 2010]

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

* When entities have relationships with other entities, especially dynamic relationships
* When it is important that entities have spatial or geo-spatial aspects to their behaviours
* When it is important that entities learn or adapt, or populations adapt

* When entities engage in strategic behaviour, and anticipate other entities' reactions when
making their decisions
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Agent-Based Simulation
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Agent-Based Simulation

* Little Computer People (LCP) @ C64 @ 1985

* This "House on a Disk" is based on the theory that every computer has an "occupant"; every
occupant is different

* You could communicate with your occupant by asking him what you want him to do
e "Please play with me"
e "Please play piano"
* "Please write a letter to me"
e "Please talk to me"
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Agent-Based Simulation

* The Sims: Interactive Organisational Agent-Based Simulation

The University of
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Object Oriented ABM (OO-ABM)

(Business + So0cSci + Econ)

’ . Agent-Based Modelling (ABM) . 1

Object Oriented ABS

| [OR/MS + Business + SocSci + Econ) :|

) T+ D+ L Driven

’ I-"' Multi Agent Systerms "'-I
| (Software Engineering)
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Building and Validating Agent-Based Models

* Different purpose of ABMS (edmonds et al 2019]

* Prediction

* Explanation

* Description

* Theoretical exploration
* [llustration

* Analogy

* Social interaction
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Building and Validating Agent-Based Models

e Different flavours of ABMS (achter et al 2022]

* Theory driven

* Empirical (data) driven
* Model driven

* Participatory
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Building and Validating Agent-Based Models

w Bass Diffusion Agent Based .

e Building an ABM (OR/MS) SEe—
« |dentify active entities (agents) © Simalaton: e
Define their states and behaviour

Put them in an environment

T entryPoint

[ PotentialAdopter

* Establish connections
* Test the model B ] I ——
AnyLogic Help (2013) Adopter 83? "'./-..«"f"'"’"f
s - s
* Validating an ABS -
* System behaviour is an emergent property f Pmem;am;op:{ e

Sales from Word of Mouth

* Validation at micro level
* Plausibility check of emerging patterns at system level (e.g. comparison to observations)
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Graphical Notation to Capture Agent States/Behaviours

* Typical elements of a state chart

* States
* Represents a location of control with a particular set of reactions to conditions and/or events
* Examples
* Cup can be in state full or empty State
* Person can be in state idle or busy —

 Transitions

 Movement between states, triggered by a specific event —
* In Anylogic such event can be: timeout; rate; condition; message; agent arrival
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Graphical Notation to Capture Agent States/Behaviours

* Typical elements of a state chart

TstatechartEntryF'Dinter i compoundState2
- loopTransition -
compountState 1 compoundState3
i Stateq .
branch simple * Shallow History: Reference to the most recently

p—— visited state on the same hierarchy level within
the composite state
simpleStates
simplestate2 simpleStates ‘ I « Deep History: Reference to the most recently
4 y visited simple state within the composite state
internalTransition |

O -®

shallowHistory deepHistory initialState

simpleState3 |

finalstate
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Building Simple State Charts Step-by-Step

e Simulating an office scenario
* What question would you like to answer?
e Consider "What-If" or "How Many" type of questions and choose one to continue
Who are the actors relevant to your question?
 Come up with 2-3 actor types based on their roles
What are the key locations you can find them?
» Keep it simple (approx. 3 locations)
What are key time consuming activities they get involved in?
» Keep it simple (approx. 3 activities)
Define a state chart for one of your actor types
* Consider key locations and key time consuming activities relevant for this actor type
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Building Simple State Charts Step-by-Step

; schedule
) isinitialised
true

O workTime
10
O breakTime
12
O EreakDumiun
O IfsaveOﬁce'ﬁme
®) Izea\reOﬁceDuraﬁon
O closeTime
21
O leaveHomeTime
24

O leaveHomeDuration
1

100%
50%

0%

o 20

@ atHome

A OfficeWorker_Full_OO : Simulation - Anylogic Personal Learning Edition

I OfficeVWorker_decentralized

[ atHome ‘_q elselVhere ]

K

()=

history

(" atofiice

O gumAtHurnB
0 qumAtOfﬁce
0 gumElseWhele

40 60 80 100 120 140 160

® atoffice O elseWhere hours

> = @ C EE G

@ A‘ Paused

rA
LJd
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Hybrids: AO-DES

Agent Oriented Discrete Event Simulation

Agent Oriented DES
[OR/MS)
T+ D + L Driven

‘ Object Oriented DES | * f

(OR/MS)

’ | Agent-Based Modelling (ABM) 1

(Business + Soc5ci + Econ)

o __d Object Oriented ABS
(OR/MS + Business + SocScl + Econ)
T+ D + L Driven

’ [ Multi Agent Systems
\ (Software Engineering)
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Concept of AO-DES

* AO-DES is a hybrid simulation paradigm; we represent the process flow with the
help of a discrete event simulation model and add some active entities to
replace the passive entities commonly used in discrete event simulation

* Passive entities are told what to do
* Active entities can act autonomously and can (often) be proactive
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Agent layer

DES layer

Concept of AO-DES

Direct interactions
Network activities

Active entities
Behavioural state
charts

Passive entities
Queues
Processes
Resources

40



Modelling Staff Proactiveness in Retail Simulations [siebers and Aickelin 2011]

AO-DES Example

 Modelling a department queuing system
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STORE

v

(&

Queuing

(for refund)

Being served at fill
{refund decision)

attil | |

Browsing

¥

<>

/ Entering \

Queuing at till
(to buy)

v

Queuing for help |—»| Being helped

v

Being served at till

{refund decision)

)

Staff Resource |
Pool |

|
|
{

| /

—( Leaving \J
S
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AO-DES Example

Modelling Staff Proactiveness in Retail Simulations [siebers and Aickelin 2011]

* Modelling proactive customer/staff behaviour

rk Restlng \\ Y ~
Communication
S VN v
/ \
Entering }
STORE \ /
0 ' /
= Rota] { Resting™** \
CUSTOMERS < o\ )
| Ty anteueung 20 Cdade Tt % _________ b_
| 4, A Ot Tt —
Custorner#1 State-Chart H STAFF
\ | [ C4aff #9 Qinta Mhart
Ciaff #9 Ciato Chart
( Queuing attil \ , (Being served at til im
\ {for refund) (refund decision) /} Want | S SERETE
fobuy ©

—T— Want Serving
u/;eeking refung\l K/_ Browsing ) help © /ﬁ
\ _/A' 5 )\» Want Kr/
4 v

refund | |
Contemplating\{ ¢ J ! Wamng)
(dummy state) ;' l i
Iy -~ T _’—

y state) j |

(buying)

A 4

—l/_ Leaving —\:
= /
r The University of l,
Nottingham " ( Evauatng = Initialisation state

hpp ng experien y
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AO-DES Example

Modelling Staff Proactiveness in Retail Simulations [siebers and Aickelin 2011]

I =1olx]

I:O
E]E@l/s 12 x1 x2 x5 VT "

Department: Audio & TV (A&TV) Sunday: Shop open for 8 hours W e S RIS bt o TR safviss

*2 = % of those leaving the queue

*3 = considering accumulated history [number]

*4 = considering accumulated history [satisfaction growth]

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

*& = experience per visit [satisfaction growth]

* Implementation

red: cashier green: normal staff member  blue: expert staff member
lighter colours: free  darker colours: serving very dark colours: supporting (expert advice)

real planned years  weeks days hours  minutes Current custorner population: 8000
Average arrival rate per hour: 73 (73) Runtime: 0 21 0 5 52
Customersinstare: 27 [ ] Overall customers: 86255 100 % Transactions: 29101
- browsing: 9 w1 - leave happy (transaction or refund): 29101 34 %  *1 *2 Ay, Transaction [£]: 149.7
- seeking help: o [ - leave not waiting for normal help: 2464 3% 19921 12% Sales [E]: 4,356,420
-queuing forhelp: 0 [ ] - leave not waiting for expert help: 826 1% 1907 43 % Missed [£]: 8,551,912
- standard: 0 - leave not waiting to pay: 10855 13% 39001 28%
- expert: u] - leave without finding anything: 42082 S0 %
- refund author.: 0 - leave unhappy (no refund): 0 0% Customers left: 86228 477406
- getting help: 7 ] *3 100 % *4 45 100 % *6
- standard: 7 Till queue length: mean: 3.78; max: 17.0 - satisfied (> O): 61697 729% 518960 35188 41% 101567
- expert: [u] Normal help queue length: mean: 1.25; max: 14.0 - don't know (= 0): 10574 12 % 40652 47 %
- refund author.: 0 Expert help queue length: mean: 0.08; max: 4.0 - not satisfied (< 0O): 13957 16% -41554 10388 12% -26726
- weait at till: s w1 Overall refunds: 0 100 %
- to pay: 8 Overall Satisfaction Level Index: 477406 - refunds accepted: 0 0%
- for refund: [u] - shopping: 477406 - refunds denied: 0 0% A1 *2
- served at till: 3 B 1 - refund: [1} - 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: 0 Overall decisions by cashier: 0
Important parameters: Overall decisions by authorised person: 0
Finite population: - Replication number: 3 | 1served 255 11 served O
- shopping enthusiasts: 400 - Empowerment level of cashier for refunds: 0.7 2served 435 12 served O
- 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: 0 Sserved 74 15 served 0
- internet shoppers: 800 - Points required to become an expert: 100000 6served 47 16 served 0
2 . s - Word of mouth adoption fraction: 0.5 7 served 25 17 served 0
intNumProactiveOpportunity: 0
) ) i - Word of mouth contact rate: 0 Sserved 17 18 served O
intSumProactiveOpportunity 30741
@ N N 5 < 3 Qserved 10 19 served O
The University of intSurnCustomersPickedProactively: 3740
1 . 10 served 11 20 served O
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Hybrids: ABM & SDM

Agent-Based Modelling and System Dynamic Modelling
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ABM & SDM

* Agents in an SD environment
* AnylLogic Help Example Model: "Basic Health Economics"

AnyLogic [PERSONAL LEARNING USE ONLY]

u] x AnyLogic [PERSONAL LEARNING USE ONLY] - O x
File Edit View Draw Model Tools Help File Edit View Draw Model Tools Help
E-EHBYY AEBX B0 8| P s[wx [ e EED- - E-eHECD| 4 R0X B0 8| PGk [ [ ERD N2 g -
%2 Projects sz} @ Pa\ﬂte‘ = 3 || & Main Eﬂa Person ‘ = Oe 2@] =g % Projects i ] 5] Pa\ettel = 8 || & main [a Person 2@] =al=] EZ\ =8
~ &l Basic Health Economics [cloud] \JI = o 3 ~ [&] Basic Health Economics [cloud] A ™8
£ Main odel | Graphs ) £ Main
& Person Main -...t Type & Person Perso... Type
Nermeglycemic 123 Prediabetic 123 Type 2 Diabetes 123 ESRD 123 Transplant 123 ~
O AggressivePredisbetesPreventio| | Y T ee T e et Name: | Mo 0 AggressivePrediabetesPreventio @ st Nome: | Per
@ Baseline Main | | | | H H | | H H - = D Baseline: Main DigbetesProgressionStatechart )
© LowDiscountingBaseline: Main 1 1 1 1 1 1 1 1 1 1 » Parameters | @ LowDiscountingBaseline: Main v ~ Agent action
€ AggressivelnterventionCostEffe | | | | H H | | H H =~ Agentaton] €3 AggressivelnterventionCostEffe: ) CostsPerVasr
& Run Configuration: Main 1 1 1 1 1 1 1 1 1 1 &3 Run Configuration: Mzin On startup:
Datsbase [\ leeooos=s [ leoooosss [ i 0 le=ooos=s { leeccos=s { On startup: Database i
On destroy:
@ © _posulation L. On destray
PrediabeticPreventionHazard LIRS
i \\‘ e LifestyleChangelnterventionCostPerYear On arrival to t
@ - S0 T 3 Cnamialtat
CostsPerPrediabeticlifestyleinterventionCostsPerfear .
s On before ste
@ —- On before ste
Pe(NunD4abeticCapna\ntewemmnScree;JngFos(sPef\’ear - NewUndiscountedinterventionCasts Gnstep
4 i/ \ 3
7 \ On step:
@ \\ P
B AccombiistedundiscountedCosts » Agent in floy
r » Agent in flov » Dimensions :
/ /
NE\,/QAW%ENW’ QALY Q / » Dimensions 2 } Space and ne
Q / = — mmm) / » Space and ne » Advanced Ja
l:X:: d » Advanced ) ~ Advanced
; DiscountFactor 7 — anee
’ NewDiscountedinterventionCosts Lo Extends other
7
/ / Extends other
L¥s Nev.Discoh HealthSérvicesCosts 1] Log to dat
NewlVsPghtear i T 4
v Log to dat urn on mods
=[] &3 X B sccomuistedDiscountedCosts g e
Create dat
Leuels. v Levels v (®) Use model v
< > > < > < > < > < >

Basic Health Economics

[BE [ Timeyers

Basic Health Economics

[ &

[ Time years
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* SD inside agents

ABM & SDM

* AnylLogic example: "Population" (Population/Housing Model)

AnyLogic [PERSONAL LEARNING USE ONLY]
File Edit View Draw Model Tools Help

File Edit View Draw Model Tools

AnyLogic [PERSONAL LEARNING USE ONLY]

Help

© PopulationSector

@ Simulation: Main

&5 Run Configuration: Main
Database

(] Resources

The model structure

tor housingSector

[click on an object to view SD component]

© PopulationSector

@ Simulation: Main

&5 Run Configuration: Main
Database

(] Resources

~
Name: Mail

» Parameters pr

+ Agent actions

On startup:
On destroy:

On arrival to ta

— Population

a0

On before step

On step:

+ <HouseholdsToHousesRatio >

snstructionDusToHousingAvailatilty @~ (&

ConstructionDueToLandAvailability

o: o

FractionOfQy dland
ractionOfOccupiedLan *(x\

N5
ConstryctionRate DemolitionRat

P e

(@ DemolitionNormal

ConstructionMultiplier () *

(@ LandPerHouse

ConstructionNormal - (&

Houseslnitial

B-r2HRB Y| L BEOXBO-E|FiE S 0% |G W[ HF S # 3 Blegin - TBHBRIYD| L RRREBO B FiE T 0% || | H B
% Projects ] 7 Pa\ettel = B || & Main 2 IE] Simulation ‘a PopulationSector ‘a HousingSector ‘ = 8 ||He.8|= 8 % Projects I3 ] 7 Pa\eﬂel = 8 || & Main |m ‘@ tor [a gSector m} = 8 ||8r. 2| = B8
v [&] Population [cloud] A 3 Population [<loud] —= ]
© Housingbector A T [ - Bl Main Population sector Housing sector :
€ Main Main Population sector Housing sector Main -...t Type & Main Housin...t Type

Name: [ Hou -

» Parameters pr

+ Agent actions

On startup:
On destroy:
On arrivalto ta
On before step

On step:

02 | |
» Agent in flows (G constructionDueToHousingAvailabilityLookupTable » Agentin flowt
LLd | » Dimensions an b Dimensions ar
) Space and net (@ constructionDugToLandAvailabilityLockupTatle \ Space and net
94 . | » Advanced Javi b Advanced Javi
v Advanced ~ Advanced
0z4-feest S
Extends other ¢ Extends other ;
0 1 ¥/ Log to datal ?1/ Log te datal
Births: 0366 Deaths: 0.695 o el 40 B0 B0 o0 Turn on model Turn on medel
= Fraction of Occupied Land
Immigration: 0.895 Emigration: 0.368 ] Create data: & Create data:
\L M v l; mmE _levelsBl | v
< > < > < > < > < > < >
Population | &L | Time years Population [E R | Time years
L] . .
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Agent-Based Modelling and Simulation Tools

Eile Edit View Histoy Bookmarks Tools Help - o x

* Design r——— | ‘

® 8 % 0 o = AgentPy - Agent-based modeling in Python

README.md

.cs.nott.acuk/~pszps/eabss20.

The University of School of
Noningham Computer Science AgentPy is an open-source library for the development and analysis of agent-based models in Pythen. The framework
Intelligent integrates the tasks of model design, interactive simulations, numerical experiments, and data analysis within a single
ing & Analysis environment. The package is optimized for interactive computing with IPython, IPySimulate, and Jupyter.
The 'Engineering Agent-Based Social Simulation Toolkit' v2023-05-01 Please cite this software as follows:

L]

Py Foramitti, J., (2821). AgentPy: A package for agent-based modeling in Python.

l I I p el I lel l a IOI l Author Journal of Open Source Software, 6(62), 3865, https://doi.org/16.21105/j055.03065
Dr Peer-Olaf Siebers, School of Computer Science, Nottingham University, NG8 1BB, UK [url]

Installation: pip install agentpy

b N et Log O Ouenview Documentation: https://agentpy.readthedacs.io

This toolkit helps people from academia, non-governmental organisations, governmental organisations, and industry, to

jointly develop conceptual agent-based models in a structured way for the purpose of better understanding and JOSS publication: https://doi.org/10.21105/j0ss.03065

. simulating systems where humans and their behaviours and decisions play a key role. At its heart, the toolkit uses a ) . . . .
[ ] A ny Log I C well established co-creation framework, namely the EABSS framework (Siebers and Kluegl 2017). Discussion forum: https://github.com/JoelForamitti/agentpy/discussions
Following the guidance under "Training Workshop' (below) will teach people interested in this toolkit the basic concepts Tutorials and examples: https://agentpy.readthedocs.io/en/latest/model_library.htm|

of agent-based modelling and they will gain some knowledge about how to develop conceptual agent-based models

with the help of the EABSS framework. Comparison with other frameworks: https://agentpy.readthedocs.io/en/latest/comparison.htm!

* AgentPy

Engineering Agent-Based Social Simulations

Analysis s Design s

) omf]

Knowledge -

7%

ik | anylogic’
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models

) pd )
—_— — ) et

A Structured Approach to AB/Hybrid Model Development (60 min)
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What is this all about?

 Social Simulation (formal definition)

» Studies socio-economic phenomena by investigating the social macrostructures and
observable regularities generated by the behaviour and relationships between individual
social agents, and between agents and the environment in which they act.

» Agent-Based Social Simulation (ABSS)

* Example from the Gaming World
e SIMS4: Promotion Video (https://www.youtube.com/watch?v=dcDy1CCd-F8)

e SIMS4: HandS‘On Gamep|ay (https://www.youtube.com/watch?v=pXLEAHpzFks)

¢¥Sims4

PLAY WITH LIFE

B | The University of
' | Nottingham
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https://www.youtube.com/watch?v=dcDy1CCd-F8
https://www.youtube.com/watch?v=pXLEAHpzFks
The Sims Mobile Official Launch Trailer.mp4

The EABSS Framework

* A structured approach

OUTPUTS
v £0
c ©
+ S 3
S " £ Define Agent Stencils o 5
o 3 B o) E .
3] = g £ = Detailed
= ﬁ > Define Object Stencils v o ,::> Conceptual
3 c >, = c del
g = ¥ = = Mode
3 H E 3 E
< g I 4
Define Archetype Stencils

Knowledge Knowledge Knowledge

Contextual

:(> Knowledge

The University of
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The EABSS Framework

* Using mini focus groups
* Group sizes of 4-5 participants (including moderator) work best
Estimated time to get through the whole process: 8h (but there is a shorter version of 2h)

Socrates vs Confucius
e Collaborative brainstorming

* Information capturing

e Debates only when needed
Moderators

* Will guide

* Will act as stakeholder (modeller)
Iterative process

* Reuse of information

* Important to go forward and backwards

r TheUniyersitgof
&' | Nottingham
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Focus Groups

e Afocus group is ...

* A small group getting together for a carefully planned discussion in order to obtain
perceptions of a defined area of interest in a permissive and non-threatening environment,
organised either by specific stakeholder type or as mix of relevant stakeholder types,
conducted by a trained interviewer (moderator; facilitator) to collect qualitative data that
allow to determine feelings, perceptions and manner of thinking of participants regarding

products, services, and programs or opportunities, and to promote self-disclosure among
participants

* A focus group is not ...

* A debate; group therapy; a conflict resolution session; a problem solving session; an
opportunity to collaborate; a promotional opportunity; an educational session

r TheUniyersitgof
&' | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA
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Focus Groups

* Moderator's role

» Stays relaxed and sets tone; introduces and guides the discussion;
actively and carefully listens; does NOT participate, or share views, or
engage in the discussion; does NOT editorialise comments; promotes
everyone's participation; is non-judgmental and respectful

* Limitations
* Risk of biases introduced by the moderator(s)
* Domineering and/or passive participants

e Usually does not provide depth of information compared to other
methods, such as key informant interviews

r TheUniyersitgof
&' | Nottingham
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Focus Groups

* Types of questions

* Engagement questions

* Introduce participants to and make them comfortable with the topic of discussion

* Exploration questions
* Get to the meat of the discussion

* Exit questions
* Check to see if anything was missed in the discussion

r TheUniyersitgof
A | Nottingham

UNITED KINGDOM - CHINA + MALAYSIA

Conducting a
Focus Group

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

0:02°/'5:36

https://www.youtube.com/watch?v=Auf9pkuCc8k
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https://www.youtube.com/watch?v=Auf9pkuCc8k

e Different views

The University of
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UML

LY@

How the analyst designed How the programmer How the business
wrote it consultant described it

: customer
explained it understood it

How the project leader

How ltwas supported

What operations installed customer was th customer really

documented billed needed

- How e project was
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UML

* Advantages of using UML

Enhances communication and ensures the right communication

Captures the logical software architecture independent of the implementation language

Helps to manage the complexity

Enables reuse of design

r TheUniyersitgof
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Visitor

<<Include>>

find window

<<Include>>

read content

Use case diagram

v
v <<Include>>
B

‘approach group member

follow window

Group

Group

-visitors[]

Class diagram

Visitor

-readingTime
-groupBelonged
-intendSpeed
-position
-currentSpeed

+contains (Visitor v)

Deletes the agent

-currentState
-radius
-attentionAngle
-attentionRange

+move To( Point destination}
+exit()

+read(Screen s)

+wail()

The University of
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Includes also a collection
of all social force model
parameters

Includes the social
force model

Includes follow ing the
screen

Display System

Window

State chart

“§ entryPoint

[ goingTeEntrance [ maving

reading

waiting

F—

[ resting

exiting

findingDoar i(

E—

leaving

exitPoint

Sequence diagram

X

detect visitor and calulate

.

detect visitor and calulate

Group Member Other Visitor Visitor H
enter room
'
|
o
perceived in vision create window
=
il I
stay close
perceived in vision
stay away
arrived
reply & start reading
moving
following
move away
remove window
wait group to finish T
- |
finished and exit I
iy el |
|
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Available Guidance seserszoiss

Engineering Agent-Based Social Simulations
User Guide v2023-02-21

Peer-Olaf Siebers
School of Computer Science, University of Nottingham, UK
Email: peer-olaf.siebers@nottingham.ac.uk

Brief Summary

What is it all about? What are successful model development strategies for complex social systems
modeling? How does modelling work in large, collaborative, and multi-disciplinary projects in
academia, non-governmental and governmental organisations, and industry? How do we derive new
and general insights from modelling complex social systems? Anecdotal evidence suggests that the
community of agent-based modellers partially suffers from a lack of structured and standardised ways
for model development. In order to close this gap, we have created a model development framework,
namely the Engineering Agent Based Sacial Simulation framework (or EABSS for short) which supports
model development and model documentation in a structured way. Figure 1 shows a high level
overview of the latest version of the framework. Full details together with an illustrative example can
be found in Siebers and Klugl (2017) and some guidance on how to use the framework can be found
in Appendix A.

ANALYSIS DESIGN OUTPUTS
= =2
P 5 3
e =
H y 2 P Define Agent Stencils E é—:
3 g 5 £ £ Detailed
a L > P Define Object Stencils s = >3 |
1 = g £ 2 Y Model
H H E i B
] &
< ] I 4
WIS Define Archetype Stencils [
0 Knowledge Q Knowledge o i

(o]

Knowledge

Contaxtual
Knowledge

=

Figure 1: High level overview of the EABSS

How does it work? The EABSS is grounded in the concept of co-creation (Mitleton-Kelly 2003) and
ideas from Software Engineering (Sommerville 2015). In addition it draws on elements of Kankainen's
focus group approach to service design (Kankainen et al 2012). The framework implicitly provides
ground rules, which is something commonly done when working with children but often forgotten
when working with grownups. These grounded rules are in line with De Bono's philosophy of parallel
thinking (De Bono 1985), and state that people are going to listen to each other and that people
respect each other's point of view. To capture information it uses predefined table templates, and
UML (a graphical notation used in Software Engineering) as main forms of stimulating and
documenting contributions from all participating stakeholders during problem analysis and model
design. It is this combination of tools and methods that makes it approachable for everyone.

use it? The EABSS can be used for two different purposes: (1) for collaborative model
(from scratch or to extend/validate existing models) and (2) to stimulate and formally
ssions about philesophical questions of societal issues that need to be addressed. We
the framework in several domains, including Architecture, Geography, Qrganisational
bers et al 2020), and Digital Mental Healthcare (Vallejos et al 2019; Siebert et al 2020;
iebers 2020). It is designed with the aim to look at a complex system in mere detail with
step. There is always information from previous steps that can be used to get started
(t step. This principle serves validation, as getting stuck in the current step is a good
something in previous steps is not quite right and needs to be amended.

get out of it? The outcome of an EABSS session is a structured record of the key points of
up discussions, in a format that is easy to understand by all stakeholders, and easy to
a little effort this can often be translated into an agent-based social simulation model,
en be used by the stakeholders as a "what-if" analysis tool.

xperience so far? Interestingly we found that each of the academics involved in running
wups finds EABSS supportive in a different way, perhaps embedded within the research

in their domain. So the concept itself can be seen as interdisciplinary, while it was
y intended to support social simulation model development. It has now been used for
opment, reverse engineering of existing models for validity checking, discussions to
ng models and confirm their validity, debates to analyse research topics and work on
directions for research.

e going from here? More recently | got interested in the philosophical debates of Richard
a German Philosopher who debates about "the digital revolution of society". | would like
BSS to test some of his future visions and to see if we can visualise his worlds with the

. | would like to approach this in a more systematic way - i.e. to build a kind of toolbox
s to build this new genre of models easier. In the end we could have a collection of
at allow the community to put together models for tackling philosophical questions -

rm of a toolbox as an 1 to existing simulation pack
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o E (1985) Six Thinking Hats: An Essential Approach to Business Management from the
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ABSS Guidance

are meant to guide the focus group moderator regarding the re-use of
le remarks list the tools to be used in that particular step

"Purpose" of the model
st of "Hypotheses" to be tested
ist of "Experimental Factors" to allow creating scenarios relevant to testing those
Bs { )
st of "Responses" to accept/reject hypotheses | | 1
x }
e level of abstraction
s (key actors - represented by the role they play, and key objects) and concepts
}

these should be included/excluded in the model and justify your decision
lefined table (headers: Category; Sub-Category; Element; Decision; Justification {
); categories: Actor; Physical

lent; Social and Psychological Aspects; Other)

es { }

actors to relevant activities (use cases)
luse case diagram
Stencils { }

with categorisation schemata for relevant key actors (agents) that will allow to

lated into Ily different groups

) and/or demographics and/or utility function(s)

keholder Perspectives in Digital Mental Healthcare', In: 4th on C and
intal Health 2019 (which is part of CHI 2019), 5 May, Glasgow, UK.
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nt/Object) Stencils |
H ]

mplates by defining key states an entity can be in, how these are linked, and what
ansitions (note that this might not be required for all entities)
les that ought to be tracked at the micro/meso level in order to gain insight about
identified during the problem analysis
lstate machine diagram(s); transition table(s); class definition(s)/diagram(s)
s { t H
}
nuences of interactions that can take place between agents and between agents and
specific use case realisations
sequence diagram(s)
b

)
es that need to be created; listing variables that ought to be tracked at the macro
der to gain insight about the issues identified during the problem analysis
der of execution (if relevant)
klass definition(s)/diagram(s) and sequence diagram(s)
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Agents to the Rescue: Creating Artificial Labs for Evaluating
Human-Centric and Coupled Human-Natural Systems

Prar-0Hlaf Siebers : Schosl of Compuner Seuse | Hottisgham University : peer-olal duberinoinghern ac ut

DESIGN

finecdatal ewidence suggests that the Agent Based Socal Semulaticn
community suffers fram a lack of structured and standardised ways for
madel developmens. For multi-disciplinary projects with academ c and
rean L this lssue b even 8

We have created a model develapment strategy that employs the
Engineering Agent Based Sccial Simulation framework jor EASSS for
shart]. It Is grounded on the concept of cocreation and ideas from
Software Engineening. We drive the qualitative informatian gathering
process through focus groups, using predefined table templates and
the Unified Modelling Language (UML) as main farms af stimulating
and documenting the contributians of all participants.

Implement the Model

'l
[ : = . II
by |

[ 1
Al g

Tha strategy hias baen usac for tws purpeses: for collabarative mocel
develapment and ta stimulate and formally suppart discussions. Ve
have tested the framework in several domains, including Archibecture,
Gecgraphy, Organisatinal Sehavicr, and Mental Health,

While we understand the model development process very well, we
often, struggle when it comes to working aut haw to embed relevant
qualitative ang cuartitative evidence Inta our models. It is easy sald
on & high bewel what ts rekevant {e.g. by referring to a well-established
thecryl, but how to ade it practically, & often difficult to wark oot

We wauld like io use the warkshap to came up with a strategic
extensicn that can guide the users of the framework with embedcing
qualitative and cuantitative evidence inta the medels they cevelap.
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Define Agent/Object Stencils
and quankitative evidence? ‘e ’

Define Interactions

: Mmoo
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models

ractice

Joint Activity: Co-Creating a Conceptual AB Model (60 min)
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Example: Exploring Adaptive Architecture Design severs etz

* Context

* The purpose of the study is to explore Adaptive Architecture design in the context of a novel
museum visit experience, in particular the idea of having a large screen with a set of
intelligently adaptive moving content windows that adapt position and size in response to
movement and grouping of people in front of them.

* Aim (of the simulation study)

» Study the impact of an adaptive screen (including several display windows) in a museum
exhibition room

H ; EEEI

r TheUniyersitgof
&' | Nottingham

UNITED KINGDOM - CHINA + MALAYSIA

61



Engineering ABSS

Define Agent Stencils

Define Object Stencils

Define Interactions
Define Artificial Lab

Analyse Problem
Define Scope
Define Key Activities

Define Archetype Stencils

OUTPUTS

Detailed

Conceptual
Model

Knowledge Knowledge Knowledge

The University of
' | Nottingham

UNITED KINGDOM -+ CHINA - MALAYSIA

I 4

Contextual
Knowledge
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Example: Analyse Problem

* Objectives
e Study the interaction of "artificial intelligent" windows and visitors' movement

* Use the model to demonstrate to architects the idea of adaptive screens (artificial intelligent
windows)

* Hypotheses
* Alarger window size has a positive effect on visitor engagement
* Space availability has a positive effect on visitor engagement
* Screens with artificial intelligent windows attract viewers for longer
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Example: Analyse Problem

* Experimental factors
* Visitor arrival rate {derived from hypothesis; relates to space availability}
* |nitial number of Windows {derived from hypothesis; relates to space availability}
 Window size {derived from hypothesis}
* A subset of parameters of the underlying theoretical movement model (note: This was added later)

* Responses
* Number of groups of visitors (visitor clusters) {derived from objective; relates to demonstrating to architects}
* Average time of visitors spend in the museum {derived from hypothesis; measures visitor engagement + attraction}
* Visual representation of the system and its dynamics {derived from objective; relates to demonstrating to architects}
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Case Study

¢ T|t|e (usually given)
* Exploring Future Scenarios of Health Service Provision

¢ CO nteXt (usually given)

* We want to discuss ideas about the evolution towards a mixed human/robot society in an
operational and service-oriented context, focusing on health service provision. We want to
uncover what it means to have a future where health services will be provided by doctors
(GPs and Hospital) and nurses and (or in collaboration with) proactive machines. What is the
impact of technology on the mental state and the opinion of staff/patients?
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Case Study: Analyse Problem

Let's define aim, objectives, hypotheses, experimental factors and responses
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Example: Define Scope

* Scope: What and Why?

UNITED KINGDOM - CHINA - MALAYSIA

Category Element D Decision |Justification
Actor Human Visitor AD1 Include |Main research subject
Group AD2 Include |Important for capturing group behaviour
Staff AD3 Exclude |Have noimpact on the dynamics
Intelligent Object  |Window Al4 Include |Intelligent display unit that can make proactive decisions
Display system ADS Include |Controls the life cycle of each window
Physical Service Projector PE0DL  |Exclude |Considered by the windows
Environment Screen PE0D2  |Include |Home of the windows
Structure Wall PED3 Include |Required for motion algorithm of visitors
Door PED4  |Include |Required for motion algorithm of visitors
Lighting PEODS  |Exclude |Mot necessary for testing hypotheses
Furniture PEO6  |Exclude |Mot necessary for testing hypotheses
Weather Temperature PEO7 |Exclude |Motnecessary for testing hypotheses
Matural light PEDE  |Exclude |Indoor environment
Building Exhibition room PEOS  |Include |Location where visitors move around
Corridor PE10  |Exclude |Motnecessary for testing hypotheses
Toilet PE11 |Exclude |Motnecessary for testing hypotheses
Category Aspect/Phenomena |ID Decision |Justification
Saocial and Visitor behaviour |Movement SPAPOL (Include |Required to trigger the window Al
Psychological Vision area SPAPD2 [Include |Will affect visitor movement behaviour
Aspects [ Window behaviour |Movement SPAPODE |Include |Part of the Al to be tested
Phenomena Vision area SPAPOA Include |Defines area that visitors are able to read clearly
r The University of Category Detail to be modelled |ID Decision |Justification
’\' Nottingham Other N/A o001 |N/A N/A

67



Case Study: Define Scope

Let's define the scope for our case study
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Example: Define Key Activities

* Key activities

r TheUniyersitgof
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create window

Display System

-
=

follow window

!
<<lnclude=> v =<|pclude==>

find window
' N
approach group member

read content
. =<|nclude=>
Visitor ; -
Group

Window

remove window

User Stories: As <actor>, | want to <what?> (so that <why?>)
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Case Study: Define Key Activities

Let's define the key activities for our case study
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Engineering ABSS

Define Agent Stencils

Define Object Stencils

Analyse Problem
Define Scope
Define Key Activities
Define Interactions
Define Artificial Lab

Define Archetype Stencils

Knowledge

Knowledge Knowledge

The University of
' | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

OUTPUTS

Detailed

Conceptual
Model

I 4

Contextual
Knowledge
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Example: Define Archetype Stencils

¢ Categor|sat|0n SChemata fOF key aCtOI’S (these allow to define behaviour of actors; use habits/demographics for characterisation)

Stereotype Reading time(second)
Mot-interested 3-10
General-visitor 10-40
Researcher 40-90

Stereotype |Speed{meter per second) |Collision radius{meter)
Child 1.4-1.8 0.11-0.15
Adult 1.2-1.4 0.20-0.25

Note: The values are not really required at this stage, but you should capture them if they emerge from the discussion

3 The University of
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Case Study: Define Archetypes Stencils

Let's define the archetype stencils for our case study
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Example: Agent and Object Stencils

* The following are generated in parallel (or iteratively)
 Classes for defining attributes and possible operations of individual/group agents/objects
* State charts for defining possible states/transitions of agents/objects

* Transition tables for detailing transitions in these state charts
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Example: Agent and Object Stencils

¢ Age nt d nd ObJeCt C|aSSGS (attributes can be derived from archetype criteria and by looking at the scope table; operations can be derived
from the states in the related state charts)

Includes also a collection
of all social force model
parameters

Includes the social
force model

L )

~
Includes follow ing the
sCreen

Deletes the agent

A

Note: Some of the attributes/operations will only be known once the implementation strategy is known (e.g. implementing "Movement" by using the Social Force Model)

The University of
' | Nottingham

UNITED KINGDOM -« CHINA - MALAYSIA
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 State chart of visitor agent

Example: Agent and Object Stencils

I entryPoint

goingToEntrance | maving '|
| - )

S—

* Transition table of visitor agent

l reading ;; | @

[ findingDoor i‘ |

—
[ ]

Y

From state To state Triggered by When?

goingToEntrance |moving Condition Agent arrived at destination

moving reading Condition Agent arrived at destination waiting
reading reading Timeout (Internal)  |Agent follows the nearest window |
reading waiting Timeout+Condition |After reading time elapsed and agent needs to wait for group members

waiting resting Condition Agent arrived at destination

waiting resting Condition Agent is close to destination and is part of a group =T
resting exiting Condition All group members have finished reading

reading exiting Timeout+Condition |After reading time elapsed and agent is individual

exiting findingDoor |Condition+Condition |There are other rooms available

findingDoor findingDoor [Timeout {Internal})  |Agent looks for nearest door

findingDoor moving Condition Agent arrived at destination

exiting leaving Condition+Condition |This was the last room to go

) g

UNITED KINGDOM - CHINA - MALAYSIA

The University of

Nottingham

| exiting | leaving |
'—(:)—-| '—(:H p BT
- @ .

exitPaoint



Case Study: Define Agent and Object Stencils

Let's define the agent and object stencils for our case study
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* |Interaction

The University of

I Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

use cases

A

Example: Define Interactions

detect visitor and calulate

detect visitor and calulate

finished and exit

Removeg window

= o e o

Remove window

% Window Display System
Group Member Other Visitor Visitor !
enter room
]
| ‘J
In
perceived in vision create window
.‘ [
' Create window
stay close >
Approach grotip members
perceived in vision
4
stay away
. arrived
Avoid crowd >
reply & start reading
Find window
‘ maowing
following
Adjust
move away
remove window I
wait group to finish
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Case Study: Define Interactions

Let's define the interactions for our case study
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Example: Define Artificial Lab

e Artificial Lab

Museum
it Includes all relevant
-visitor :
Siorsi] structural objects (walls,
- r =
groupsf] points, areas, etc.)
-structures]]

-visitorArrivalRate
-initiaINumberOfWindows

+initialise() parameters of the underlying
+calculateAverageVisiting Time() theoretical movement model

+calculateNumberOfVisitorClusters()
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Case Study: Define Artificial Lab

Let's define the artificial lab for our case study
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Example: The Implementation Strategy

Dacision

-direction
-intendedSpeed
-currentSpeed
-boundary

-attentionAngle
-attentionRange
=collisionRadius
-destination
-amivedAtDestination

+setDestination()
+getNearesthMa cup()
+getEmptiestMarkup()
+exit(}

A

Artificial Lab
-people]]
-groups(]
-markups[] Group Person
-spawnRate p—|-members(] Qi.mmpg
groupRate +cantains{) .
-updateFrequency :
+initialise () e |
+spawn( } :
+update() I
+calcStats() :
, :
Vv
Markup <=|nterface>> <<|nterface=>
+gethearestPoint() +contains() +updateStatedecision : Decision)
] +getBound aries() +getRandomP ointlnsid e() &
zr 'T‘ i A | |
i i i |
I I i |
I I
Static Markup Enterable Static Markup Enterable Moving “ﬂ'lkllp Moving I“Hkllp
-movingRange -movingRange

il

ESFM

Siebers et al (2018)
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Example: The Implemented Model

A Museum : Simulation - AnyLogic Personal Learning Edition

7

>

@O

° o
mmmmmmmmmmmmmmm e e s ONVTY

T EE G

100 150

. number of clusters

100 150
. avg. visiting time

arrival rate
spawn agents
D enable vision area

D plot clusters
psy-force towards group g‘ vision range

—0  —0

vision angle

—o0

b

psy-force against strangers psy-force against walls

O

b

®

group spawning rate

revisit chance

0

A-

Paused
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Example: Extended Version (Moving Wall)

A~ Museum and Adaptive Wall : Simulation - AnylLogic Personal Learning Edition

-
1 1
1 1
1 1
1 1
1 1
1 . 1
| |
| |
1
e a° |
1 (5] 1
1 1
1 1
1 ‘ 1
: Ge |

|

1 1

1 1

1 1

b oo o o o o e e e e e e e e e e -
[c]

0] o arrival rate
o —O
spawn agents

D enable vision area

D plot clusters

— |

155

154

153

152

360 380 400 420 440
@ avg. visiting time

1

360 380 400 420 440
. number of clusters

psy-force towards group ?

O vision range
vision angle :
psy-force against walls

0O

psy-force against strangers

The University of

Nottingham

Q I G e

rAa
& Paused L
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Case Study: How Others Solved It

There were actually two very different outcomes. We will look at these later!

Service provision in the hospital of the future
Service provision in the GP practice of the future
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models

) pd )
acture
—_— Y O O =¥ et

Introduction to AB Modelling in AnyLogic PLE (60 min)
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WHATS
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AnylLogic
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AnylLogic

* The latest version available for download is AnyLogic 8.8.1 PLE

 Win: https://files.anylogic.com/anylogic-ple-8.8.1.x86 64.exe
* Mac: https://files.anylogic.com/anylogic-ple-8.8.1.dmg
* Linux: https://files.anylogic.com/anylogic-ple-8.8.1.linux.x86 64.tgz.bin

* In AnyLogic you are not writing the full code of Java classes from the beginning to
the end; instead you are entering pieces of code and expressions in numerous
small edit boxes in the properties of various model elements
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https://files.anylogic.com/anylogic-ple-8.8.1.x86_64.exe
https://files.anylogic.com/anylogic-ple-8.8.1.dmg
https://files.anylogic.com/anylogic-ple-8.8.1.linux.x86_64.tgz.bin

AnylLogic Blog

* https://www.anylogic.com/blog/

File Edit View Higtory Bookmarks Iools Help

A Blog - AnyLogic Simulation So' X+

<

C @ O 8

%anylogic
Blog

v.anylogic.com/blog/

INDUSTRIES PRODUCT PURCHASE RESOURCES

Simulation-based digital twins for business:
industry-related case studies

26.01.2023 | Anastasiya Malinovskaya in

What is a digital twin? What are its benefits? Is it
applicable to my business? If these are the questions
you're asking, you've come to the right blog post.

Learn about digital twins in business, how they are
combined with simulation, and check out the on-
topic case studies from various industries.

How-to video: 3D animation

19.01.2023 | RyanBerger in

A video showing how to convert your AnyLogic
simulation model from 2D to 3D. After watching this
it, you will be able to create simple models and
transform them into 3D giving a different perspective

COMPANY

( SUBSCRIBE TO OUR NEWSLETTER

Popular tags
events

video [81

new release

how-to

case studies
AnyLogic conference
training

cloud

agent based modeling
team

view more...

~
)

AnylLogic

)
I}

The University of
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* AnylLogic Blog (new releases)

e https://www.anylogic.com/blog/?tag=new+release

File Edit View Higtory Bookmarks Jeols Help

A Blog - new release—- Anylogic ' X +

@

C @

kgmylogic
Blog

O 8 nt v.anylogic.com/blog/?tag=new+ release

INDUSTRIES PRODUCT PURCHASE RESOURCES

new release

AnyLogic Cloud 2.3.1 - major improvements
and new features

15.11.2022 | Gregory Monakhov in

The time has come for a new Cloud release with
many improvements and additional features. In this
blogpost we will introduce you to some of the main
ones and explore a number of them in more detail.

Anylogic 8.8.1 now supports first in, first out
and last in, first out rack types

10.11.2022 | Anastasiia Zhiliaeva in

AnyLogic 8.8:1is now available for download. You will
find that Storage now supports FIFO and LIFO rack
types. Read more about this and other updates

rolated tn warehaiico madelina

q]
[«

B

T
COMPANY DOWNLOAD
\ oo ) @

e ~
SUBSCRIBE TO OUR NEWSLETTER )
\ J

Popular tags
new release [°
events

video

how-to [=

case studies
AnyLogic conference
training

cloud [36

agent based modeling
team

view more...
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* Free tutorial book

r TheUniyersitgof
&' | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

AnylLogic

—AnyLogic 8
in Three
Days

A quick course in simulation modeling

https://www.anylogic.com/upload/book.php?lang=English
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AnylLogic "Hello World!"

AnylLogic [PERSONAL LEARNING LUISE ONLY] — m} x
File Edit View Draw Model
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AnyLogic Process Modelling
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AnyLogic Process Modelling
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AnyLogic IDE
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Things to Remember

*s Projects 53 | [ Palette = 8

* Important things v Dot

e F1:Help %

* Ctrl-Space: Code completion support v

* Ctrl-Enter: Perform refactoring (replace name occurrences) %Eméfgmm

* Make sure you select the correct model when pressing "Run” T

* Make sure you set up model time units correctly in the "Model"  ven [fonvencz/Smiion

* Use the "magic lightbulb" ... - actes s e e B O~ ®| PG 00

On enter: v Main & Demo2 / Simulation
€ Demeo/ Simulation

* Since AnylLogic v/
* Everythingis called "Agent" (entities; resources; agents; ...)
* PLE version limits number of agents per simulation run to 50000 (but you can reuse them)
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Running AnyLogic

/\ Exception during discrete event execution

Model logic errar:

root.5ource:
An agent was not able to leave the port root_source.out at time 1. 83 | date Feb 3, 20217, 12:01:49 AM (current model time is 1.853).

Consider increasing capacities and/or throughputs of the subsequent object(s) or using PULL protocaol

For more details see Consacle
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File Edit View Draw Model Tools Help

AnyLogic Personal Learning Edition [PERSONAL LEARMING USE ONLY]
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File Edit View
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%= Links to agents

2, Connectors
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AnyLogic IDE

Help
(B O-E| I FI@ elgn -
= 8 || &l Main Main.java £
1 package demo;
% import java.io.Serializable;
68 public class Main extends Agent
69

J
®

// Parameters
{#AnyLogicInternalCodegenAPT
private static Map<String, IElementDescriptor> e

4
0

i
S

J

3

74=  (@AnyLogicInternalCodegenAPL

75 @override

76 public Map<String, IElementDescriptor> getElemen
77 return elementDesciptors_xjal;

78

79=  (@AnyLogicCustomProposalPriority(type = AnylogicC

&

public static final Scale scale = new Scale( 1@.

= @override
public Scale getScale() {
return scale;

}
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@
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// Embedded Objects
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ignore

Seize:

Resource sets (alternatives):

Queue capacity:
Maximum queue capacity:

Delay time:

=, @ (alternative) resource sets

O units of the same pool

IR R )
&b Add list

= | 1ee

=0

triahgular( 8.5, 1, seconds v
< >

File Edit View
=2 R
s Projects 2% | [} Palette
~ [A] Demo”
~ £ Main
+ 95 Agents
D service
(%) sink
() source
‘@ Presentation
& Links to agents

'2, Connectors
© Simulation: Main

Model

& Run Configuration: Main

([ Database

Press {Ctrl+J} to go to the
point in the Java code that is
associated with the current
code snippet highlighted in
the Properties window

Help

mOo-E| ‘@ @login -

[J] Mainjava &2

* Setups an embedded object instance<br>
This methed should not be called by user
{@AnyLogicInternalCodegenAPl
private void doBeforeCreate sink xjal( com.anylogic

¥

private double _service_delayTime_xjal( final com.ai
double _value;
value =

riangular( @.5, 1, 1.5

return _value;

public ViewArea _origin_VA = new ViewArea( this, [t
[override
{iAnyLogicInternalCodegenAPT
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AnylLogic Help

Help - AnyLegic 8 Personal Learning Edition

Search: |

| E Scope: All topics

- a X

Contents =

| —:_;"v IE' B

Gty el & B

e AnyLogic Help

@ Tutorials

e Library Reference Guides
= &l Advanced Modeling with

B Javain AnylLogic
B primitive data types
B Classes
2 Variables (local varia
E Functions {methods)
[ Expressions
[ statements

E comments
B Adding Java classes
& Adding Java interfac

& AnyLogic functions
£

& Java arrays and cellections

B Naming conventions
El Where am | and how do | get to..?

B Code Completion Master

A Advanced Modeling with Java >
Java Basics for AnyLogic

Java

BYEE Jaya Basics for AnyLogic Contents

Java in Anyl ogic

Primitive data types

Classes

Variables (local variables and class fields)
Functions {(methods)

Expressions
Statements

Java arrays and collections

bles and class fields

Comments

MNaming conventions
Where am | and how do | getto...?

e5

Adding Java classes

W Adding Java interfaces

B =l

>
¥ m

http://127.0.0.1:64907/help/nav/3_0
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Where am | and how do | get to...?

&) Main 53 |
ﬁ companies [..] {7 announceSale ﬂcustomers[..]
Ll Fi -
- L1 I b3
rr"’ % rd "\
- k! ¥ \\
- % ’ w

a Company &4 I a Customer &3
t,,main .'5. connedtions

@ loyalty

ﬂempluyees[..]
[
/ ~u

I LS

LY
i \"h._

‘.5] Employee &3 A revenue

B gusus.size()

(9 perfomance C employeses.get (i) .performance ()
D main.announcesSale ()

E main.customers.get (i) .loyalty
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class Worker
— class TeamMember

~—~
class TeamLeader
experience
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Polymorphism (many forms)
in Java is a concept by which
we can perform a single
action in different ways
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Free Java Course

* Amigoscode: Java Full Course - Java Tutorial for Beginners
e https://www.youtube.com/watch?v={9VNCI9X080
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Java Basics for AnylLogic

* For useful advice see Nathaniel Osgood's YouTube videos

* Check "Agent Based & Hybrid Modeling Bootcamp for Health & Health Care" playlist
* https://www.youtube.com/playlist?list=PLcAxwev2PmV-pMtyHFtfj7DizkfvzUAPB
e Towards the bottom of the playlist (video 42 to 46) you find "Java for AnyLogic" tutorials

ew Tools o x
o - v
<« C @ O B 528 httpsy//www.youtube.com/playlist?list=PLcAxwev2PmV-pMtyHFti7DizkivzUAPB  110% ¥ 9 L a =
= 68
= @oulube Search Q ¢ Q
N Java for AnyLogic: Java Types
Home. haniel Osgood * 30 views « 5 months ago
55555 Essential Java for AnyLogic Tutorial 3: Classes &
Objects
& BT T I Bl Nathaniel Osgood - 83 views - § months ago
Subscriptions
% Essential Java for AnyLogic Tutorial 4: Functions
3] Agent Based & Hybrid Modeling = and Functional Abstraction
Librar

Bootcamp for Health & Health Car... S - hcnicl Osgood - 46 views - 5 months ago

Nathaniel Osgood
46 videos 234 views Last updated on 22 Sept 2022 T Building a Hierarchical ABM in AnyLogic 1: Why &
How

haniel Osgood + 64 views + 5 months ago

>3 shuffle
Hierarchical AnyLogic ABM Part 2:
e e e S PR

Add ly ics, bugs vs...
ooooooooooooooo - 35 views - 5 months ago
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BlobWorld Tutorial

A Blobworld : Simulation - AnyLogic Personal Learning Edition

a {bgeople

'erson [200]

° ; event
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O intNumsmall
112
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¥ anter
op £ wie
) @ c‘C 50 100

@ stateBlue @ stateRed
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models

.

sresentation

Research Case Study (30 min)
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Service Provision in the Hospital of the Future

Stroud et al (2019)

The University of

Nottlngham

IIIIIIIIIIIIIIIIIIIIIIIII




Motivation

* Proactive machines are an idea that in the future hospitals will have automated
machines as well as Doctors and Nurses that can help and treat patients. This
project uses the idea of proactive machines to test the impact of technology on
mental state and opinions of hospital patients.
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Analyse Problem

* Aim and objectives
» Reflect on the consequences of digital mental healthcare

* Hypotheses
* Trust between machines/humans will affect human-human relationships in a negative way
* Machine-look influences our decisions
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&' | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA




Analyse Problem

* Experimental factors
 Number of doctors, proactive machines and patients
* Number of beds

* Responses
* Mental state of patients, e.g. happiness
* Opinions of each patient on the doctors and robots
* The trust of the patients on the robots
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Define Scope

Category Element Decision Justification
. Patients are the ones who are being
Patient Include
tested
Doctors need to be compared against
Doctor Include
the Robot doctors
Human
. Visitors can be used to influence
Actor Visitor Include i
patients
Murse can be viewed as the same as
MNurse Exclude ) i ]
doctors in the simulation
Proactive
. Robot doctor Include |Need to be compared against doctors
machine
Hospital Include |Location where the model is held
Buildings Location where agents are held when
Home Include )
they are being used
Physical Furniture |Beds Include |Patients need somewhere to stay
Environment Mot needed because we are not
Walls Exclude |interested in agents movements or
Structure
collisions
Doors Exclude |Not needed to test the hypotheses

) g

The University of

Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

Category Element Decision Justification
Decide how long to
i g Include |Meeded for more accurate results
Robot  |treat patient for
doctor
) Accurate Movement is not needed to test the
behaviour Exclude
movement of robot hypotheses
Decide how long to
i £ Include |Meeded for more accurate results
treat patient for
Daoctor A "
i ; ccurate
Social and behaviour Movement is not needed to test the
) movement of Exclude
psychological hypotheses
doctor
aspects - -
Patient |Random hospital
) o Include |Meeded for more accurate results
behaviour |visits
Decide whether
the visitor should Include |Meeded for more accurate results
Visitor  |visit the patient
behaviour |Accurate
Movement is not needed to test the
movement of Exclude
o hypotheses
visitor
Other MNSA MNSA MN/A
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Defining Key Activities

Initial

Exercising peer pressure
Proactive machine E é
Marrying data collection Service provider

S

le maker
Family

Patient

Offering new producrt

Non patient

Doctor
Provide peer support
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Final

Live in hospital

<@
Patient
Visitor
Go to hospital

..

Proactive machine
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Define Archetype Stencils

Doctor
Stereotype | Extra time treating patients (Minutes)
Senior 0
Junior 10

Robot
Stereotype | Humanlike variable | Effect on human opinion
Humanlike 0.5-1 Positive effect
Robotlike 0—-0.5 Megative effect
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Define Agent/Object Stencils
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Define Agent/Object Stencils

-
inHospital

beingTreatedByBoth

|

( beingTreatedByRobot

|
B2

=}

@_

ol

i

initialise
| - i (aﬂ-!ome

Patient

breakTiming

*—

home

atwork

él, goToWork

' ™
inHospital
' ™
Working t
-— [ withPatient
(E Waiting
.\ .
\
initialise
*>—

atHome

Doctor
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Define Agent/Object Stencils

decreaseCharge initialise inHospital

| o—n| charged | ~— in_service

withPatient ‘ 2

contemplate
waitingToBeCharged +
| =

® i notwithPatient ! |
atHome % . ° |
initialise

7

charging

Robot Visitor
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initialise

|

=

=}

Bed
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Hospital

Patient Robot

_E_ Pafient goes to hospital after random : H
amount of time

L

ﬂ Patient requests assistance

Robot goeé to help

h

A

Patient getting freated by robot

Hospital
Patient Doctor
¢ Patient goes fo hospital after random i
amount of time o -
’|-'J Pafient requires a checkup
- Doctor goes to complete the checkup
L H H
' : :

Patient getting treated by doctor
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Define Interactions

Patient happiness

Hospital
Visitor Patient
i 1
Visitor goes fo hospital » !
]
i
Visitor finds patient
»
to leave
]
]
]
]
]
i
H :
« Vigitor leaves and patient happiness is increased
[l ]
]
i

Visitor visits patient
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Define Artificial Lab
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Implementation

O
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Service Provision in the GP Practice of the Future

Improve the Understanding of Digital Mental Healthcare Scenarios

Barnes and Siebers (2020)
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Motivation

* Digital mental healthcare in the context of Social Simulation

* Digital mental healthcare

* Consists of Al developed in ways which can help provide alternative methods of treating mental
health issues (e.g. depression; anxiety; and dementia) successfully

* Current research focuses on understanding the social and ethical implications of
digital mental healthcare, rather than looking at the service provision aspects
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Analysing the Problem

* Aim
» Case Study: To better understand how people react towards virtual therapists, with people
modelled based on generation groups: Millennials, Generation-X, and Baby Boomers

* Methodology: To test different decision making modelling approaches (crisp vs fuzzy 1/2)

* Hypotheses

* Case Study: Access to social interaction for people increases sensitivity of simulation when
certain parameters (e.g. trust) are altered

* Case Study: Competence of the virtual therapists plays a large role in defining the output
trust of the population

* Methodology: The different decision making modelling approaches for decision making (crisp
vs fuzzy 1/2) deliver similar outputs at micro (individual) as well as macro (population) level

r TheUniyersitgof
&' | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA




Analysing the Problem

* Experimental factors
* Proportion of different generations of agents
* Initial level of trust of the population tested
* Competence of virtual therapists
* Level of access agents have to the social network

* Responses
* Trust
* Macro-level: Aggregated trust of the population
* Micro-level: Individual agent's trust level evolution
* Box plots "Trust/Generation" for different decision making approaches (crisp vs fuzzy 1/2)
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Defining the Scope

Category Element Decision [Justification
Person (Patient) Include |Subject which is being observed
Actor Session Include |A virtual 'therapist' providing services to patients
Administrator Include |Manages waiting lists, organises and creates sessions on demand
Hospital Exclude
P Mo benefits of representing these elements within the
. Home Exclude . ] s
Physical environment as physical entities
. Therapy Exclude
Environment
. Used to measure distance between agents and defining the
Spatial node Include i i ) )
location of agents during the simulation
Person social influence |Include |Used to help determine the outcomes of social interactions
- Tracks the outcome of session treatment, and is what makes
Person condition Include ]
people admit themselves to care
Social and Person trust Include |Our primary response (and therefore fundamental to the model)
Person age Include |(Important for determining social media usage
Psych. Aspects —_ £ Exclud P £ £
esire xclude
— Psychological theory was initially considered, but later not used
Volatility Exclude - -
due to time constraints
Arousal Exclude
Stereotype Exclude |Captured by person age
) Agents can interact with each other, in a realistic manner through
Social network Include i i )
Other using friendLink networks to send messages
Therapy system Include |System boundary used by people who require digital therapy
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Defining Key Activities

A

Administrator
Person Session

A

Another Person
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Defining Archetype Stencils

Social media users

Use of social media

Mame Agerange| [% ofagerange [hours per day]
memkbers]
Millennials 1950-1934 90.4 2.38
GenerationX | 1965-1979 77.5 1.49
Baby Boomers | 1944-1564 458.2 1.12
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Defining Agent/Object Stencils

[ J A g _ lifeChart socialMedia 1) createSession " startWork
e nts éZ Birthday I I

° Pe rson g;::t { |\t_ stableCondition ? }‘\ offline L

Ad . () getDistanceProbability (;;)
* min ) leaveSession Admin agent statechart
L'_‘ I:R i I (" unstableCondition B online &
. "" kel e @ sessionChart
L4 SeSS|On () readNewsFeed sEmssl I -
(i) getSMUsage (0 atng
{3 goOnline & . > oo
{(7) shareOpinions .—ln-
.'_. friendLink | ) éZ, startSession inSession more
Person agent statechart (@ competence

@ amountOfSessions
(7) beginSession
terminate

Session agent statechart

* Objects

* Spatial nodes in the environment (to measure the distance between Person agents and to
graphically represent their location and communication links within a defined space)
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Defining Interactions / Artificial Lab

* Interaction
* Online communication between Person agents (friend links) effecting opinion dynamics
* Social media network connects agents depending on their proximity and social similarity

* Artificial Lab Avtificial Lab
* Parameters - people(]
- session []
* sessionCompetence; personTrust - administrator
. . - decisionMethod : int
» decisionMethod (crisp; fuzzyl; fuzzy2); debug (on/off) - debug : boolean
. GI b | . bl - socialFeed : collection
ODal variapbles - personTrust : double
e Collections of actors - sessionCompetence : double
* socialFeed (emulates a social media newsfeed) + writeExperiment1() : event
+ writeExperiment2() : event
¢ Helper methods + clearNewsFeed() : event
+ checklInputs() : void
r TheUniyersitgof
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Implementation

A FinalModel&fterCollection : Simulation - Anylogic Personal Learning Edition

| ‘ \.t‘"..‘ k\

b X

é.f(\\\\
' \‘Qpﬂ.
i
0
1
b
i
(J Debug mode?
> B & C EE G ® A- Paussed [] L
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models

Practice
Small Groups: Develop modelling ideas for your own problems (45 min)

Joint Activity: Summarise outcome of previous activity (15 min)
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What Did You Discuss?
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OR Training Course 2023

Co-Creation of Agent-Based Simulation Models

.

Wrap-Up

General discussion and Q&A (15 min)

AL
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Resources

File Edit View History Bookmarks Jools Help

The EABSS Toolkit x|+ hd

c

.cs.nott.ac.uk/~pszps/eabs:

B % @ 0 & =

~40
The University of Sldmol of m
Nottingham Computer Science

Intelligent

Modelling & Analysis

The 'Engineering Agent-Based Social Simulation Toolkit' v2023-05-01

Author

Dr Peer-Olaf Siebers, School of Computer Science, Mottingham University, NG8 1BB, UK [url]

Overview

This toolkit helps people from academia, non-governmental organisations, governmental organisations, and industry, to
jointly develop conceptual agent-based models in a structured way for the purpose of better understanding and
simulating systems where humans and their behaviours and decisions play a key role. At its heart, the toolkit uses a
well established co-creation framework, namely the EABSS framework (Siebers and Kluegl 2017).

Following the guidance under 'Training Workshop' (below) will teach people interested in this toolkit the basic concepts
of agent-based modelling and they will gain some knowledge about how to develop conceptual agent-based models
with the help of the EABSS framework.

Engineering Agent-Based Social Simulations

Analysis .  Design .

5 omnll

Knowledge -

%@‘F‘@@‘%@

File Edit View History Bookmarks Jools Help
The EABSS Toolkit x|+

c O & nip
Training Workshop

.cs.nott.ac.uk/~pszps/eabss

Day 1

1. Welcome [slides]

2. Simulation Modelling Framework [slides]

3. Agent Based Modelling and Simulation [slides]
4. EABSS Introduction [slides]

Day 2

5. Running Focus Groups [slides]

6. UML (Unified Modelling Language) [slides]

7. EABSS Example [slides] [model 1] [model 2]

8. EABSS Practice (recreate and improve an existing model) [slides]

Day 3

9. Anylogic + Q0 + Java [slides] [model]
10. EABSS Practice (create your own model)

Case Studies (these are ABM studies not directly related to the EABSS)

« Multi-Method Integrated Assessment Modelling of Global Climate Change [slides] [model]
« Modelling Office Building Energy Consumption [slides] [model]
= A First Approach on Madelling Staff Proactiveness in Retail Simulations [slides]

Resources

= OR Society Short Course 2023 - Flyer + Focus Group Guidance [pdf]
* OR Simulation Workshop 2023 - Poster [pdf]
= Collection of EABSS Workshop Outcomes

Coming soon ...

Coming soon ...

Coming soon ...

References

« Siebers PO and Kluegl F (2017) 'What Software Engineering has to offer to Agent-Based Social Simulation'. In:
Edmonds B and Meyer R (Eds). Simulating Social Complexity: A Handbook - 2e
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https://www.cs.nott.ac.uk/~pszps/eabss2023/
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Any Questions?

A
/

| =2 \

Screenshot taken from Marie-Louise Gay's book "Any Questions?"
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