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What | would like to leave you with

1. Social science is worthy of simulation, but it is

complex
2. Complexity is algorithmic not analytic (Thurner

et al. 2018)
3. More is different



Outline

1. ABM

2. Synthetic populations and microsimulation
3. ExXAMPLER
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Schelling segregation the “Hello world” of ABSS

ExAMPLER

Segregation - NetLogo
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Policy usage of ABSS (Tobacco town

ExAMPLER

Tobacco-Town-GIS - NetLogo {/home/ric/Projects/Tobacco-Town/GlS-Tobacc

File Edit Tools Zoom Tabs Help

Interface | nfo | Code |

] feindaiaz] (Y] view updates I

+ o
W Button_~
Edit  Delete Add on ] | N continuou
ticks: 0 continuoisifilf

Settings... |

____ B
SETUP | —— T
- il .| “agent-density-reduction  0.80
| number-of-day 30 ¥ for testing
!05‘, buy-cartons?
] ——
brob-not-best 0025
[ ——
-emove-outlets 0
0 Smoking Rate (/day) 60
Income Disribution
Each patch = 10ft
mode day
7 ¥
0 0
el Retailer Density (per square mile)
None v
et —| 25
Introduce Policy = Total Average Cost (per pack)€)
/4 o
e it L
v
Command Center o J[ Clear |
The shapefile Schoolssmall.shp contains MultiPointZ, PolyLineZ, or PolygonZ features. Upon import, the Z infornation from these features will be stripped out and they will be treatd:
Th~ 7 7>

observer> -



Social networks 5
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Invention of printing press, influence of nearby cities
created perfect conditions for social contagion.




Social networks
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More is different

For example, ina COVID 19
simulation of Devon, there are
796,012 people.

The population of the uk is very
heterogeneous 67 million
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Microsimulation

Spatial Microsimulation example: estimates of
household expenditure

Living Cost and Food Survey —
detailed attribute data
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Microsimulation

ExAMPLER

The PICAA (Parental Income and Child Academic Achievement) Microsimulation Model
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Microsimulation

ExAMPLER

SIPHER Inclusive Economy Dataset (local authority level): Interactive Map

1A: Participation in paid employment v Percentage of working-age people (aged 16-64) who are
employed

Use mouse to: select area information, zoom and pan map

1A: Participation in paid employment (%)
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Exascale ABSS planned as far back

AGENT-BASED

® SciDAC Review, Summer 2008, pp. 34-41

O

O

Charles Macal & Michael North

Argonne

...but Exascale computing relies on high levels of

Argonne researchers
have developed ang
used large-scale agent:
based models to provide
important information to
policymakers that would
not be avalable using
other modeling
approaches

parallelism (e.g. on GPUs)

Agent interactions challenge that

Other sciences finding the same

as 2008

Modeling and

Simulation for
SCALE Computing

Researchers at Argonne National Laboratory have been successfully using a new
modeling paradigm—agent-hased modeling and simulation (ABMS)—to address
challenges and gain valuable insights in such key areas as energy, biology,
economics, and social sciences. To maximize potential, they are developing a next-
generation ABMS system that can be extended to exascale computing environments
o achieve breakthrough results in science, engineering, and policy analysis.

Argonne National Laboratory (ANL) s a leader
in agent-based modcling and simulation
(ABMS). ABMS is & new modeling paradigm that
is having far-reaching effcets on the way that
rescarchers across disciplines use clectranic lab-
oratories to conduct their research. By model-
ing systems from the ground up. rescarchers are.
exploring how system behayiors emerge from
the behaviors of large numbers of interacting
individuals, or agents. ABMS also serves as an
experimental technique, a framework for devel-
oping electronic laboratories in which the most
detailed assumptions about individual agents,
their behaviors, and interactions can be varied
and explored in sifico.

Computational advances have opened the way
for a growing number of agent-based applica-
Lions across many felds. These applications
range from modeling adaptive behaviors and the
emergence of new entities in the biological sci-
enees (sidebar “ABMS Benefits Biological Sci-
ences,” p37) to modeling agent behavior in the

stock market and supply chains 1o understand-
ing consumer purchasing {sidebar “Agene-Based
Modeling Applications,” p40.

ABMS provids new ways [or businesses and
government te use comptiters to support deci-
sion making and to analyze policies. For social
systerns that are compased of agents who learn
and adapt their behavior based on their individ-
ual experiences. ABMS explores how decisions
and policies may affect groups and individuals
before the decisions are made or the policies ave
implemented.

Argonne rescarchers have developed and used
Jarge-scale agent-hased models to provide impor-
tant information 1o policymakers that would not
e available using other modeling approaches.
One outstanding example—Electricity Markets
Comnplex Adaptive Systerns (EMCAS)—was wsed
to model the Nlinois clectric power industry
under deregulation conditions in an effort to
anticipate the likely effects of deregulation on
clectricity prices and reliability. In this madcl. a

34
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Using exascale computing, what software support do we need to co-design, build, validate, and
explore policy scenarios with empirical ABM in a one-day transdisciplinary workshop?

(1]Assess ‘exascale
readiness’ using
Systematic Literature

Review and
Benchmarking

Vision of exascale
ABM and one-day
transdisciplinary

workshop scenario

HPCin
ABM:
State-of-the
-art and
ways
forward

s/w requirements

@

Exascale
Empirical
Agent-Base
d Modelling

Roadmap for

delivering the vision
founded on exascale
training and learning

S\

EXAMPLER
Roadmap

dr Skills
Training
Software
Barriers
Networks

Research
Funding

@Engage with ABM
community and other
ExCALIBUR projects;

respond to
tunities
\ oppor /

W’shops
SSC/ESSA
iIEMSs
GlIScience
AAMAS
AAG

Community

Report



ExXAMPLER
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Knowledge Exchange

ExAMPLER

Social Simulation 2023
GlScience 2023
Exposome.nl 2023
CIUK 2023

AAMAS 2024

AAG 2024

IEMSs 2024



SLR Preliminary Results
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Roadmap workshops

Purpose: a roadmap as to how we

could step up to exascale ABSS

Glasgow workshop, April ‘24 2024

O 14 invited academics, technical experts and

people working commercially

IEMSs 2024

O 5 self-selecting conference participants




Themes: Evolution or Revolution

(from Glasgow Workshop)

Applications of Space || Technology Meta-modelling

e Networks (hubs?) * GPU, data movement * Emulators

e Spatial networks * Parallelisation (AWS?) * Policy interventions
e Edge effects * LLMs, Al? * LLMs?

Revolution / Evolution — modify old and invent new

Cross cutting themes:
e lLanguages”?

e Frameworks?

e How many agents?

e How do agents interact?




Stepping Up: Proxy Apps

A “proxy app” differs from a benchmark in that it is designed to be a simplified example

of a real world algorithm

How many of the 86 exascale proxy apps relate to ABM? - “Zero”

* Computational complexity of the

(A AL
agent logic (C) AN%A
 Communication between agents and
local/global grids (i) A
 Number of agents (n) \ 1

C = Computational Complexity \
i = num agents to interact with
n = number of agents

A

J



https://proxyapps.exascaleproject.org/

ExXAMPLER Work Package 2

ExAMPLER

Visions of Exascale Computmg for Agent-Based Social

Simulation

o§

1t EXAMPLER Visioning Workshop on Exascale Computing for

Agent-Based Social Simulation:

Uses, benefits and challenges for the social simulation community

Social Science Simulation Conference 2023,
4h September 2023
Matt Hare, Doug Salt, Gary Polhill (JHI) “ The ?ames
Ric Colasanti (Glasgow Uni) ll Hutton
Richard Milton (UCL) II' Institute

Two “visions” workshops
implemented
with academics,
nolicv-makers and other

for Agcnt -Based Socml Simulation:

Urban ({.’
Capabilities, transformational use cases, \ Blg .v.\‘o
capacity requirements and potential threats & Data -\ *

Centre (350

London Workshop 8-9"" November 2023

Matt Hare, Doug Salt, Gary Polhill,

"_.
The James

Hutton
“I“ Institute

Richard Milton, Michael Batty

| I | WOt i N .



Hare, M., Salt, D., Colasanti, R., Milton, R;, Batty, M., Heppenstall, A.,
Polhill, G. (in submission). Revealing visions of the future of exascale
agent-based social simulation using participatory systems modelling.
Long paper submission for inclusion in the Social Simulation Conference
2024. ESSA. pp12
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How could we...?

= Abstract GPU implementation away
e.g. Port NetLogo to GPUs; FlameGPU

Access GPU
programming
skills



How could we...?

Funding bodies refuse funding to institutions with
bureaucratic obstacles to non-standard provision!

Buy
non-standard IT
equipment



How could we...?

ExAMPLER

Your application for funding will not be progressed to assessment

Your application did not conform to the requirements set out in the opportunity
document.

Make a
successful HPC
request



How could we...?

Your application for funding will not be progressed to assessment

Your application did not conform to the requirements set out in the opportunity
document.

Make a
successful HPC
request



How could we...?

Configure and administer HPCs to support all science
Not just the science that's convenient/easy to support

HPC admins apply to support scientists!
@

Make a
successful HPC
request



How could we...?

Justify
investment and
opportunity costs



LS1 Molecules of Life: Biological Mechanisms,
Structures and Functions

H OW CO u I d We f) LS2 Integrative Biology: From Genes and Genomes to
LI Systems

LS3 Cell Biology, Development, Stem Cells and
Regeneration

LS4 Physiology in Health, Disease and Ageing
LS5 Neuroscience and Disorders of the Nervous System
H LS6 Immunity, Infection and Immunotherapy
N O n - exa S Ca I e b e n efl tS LS7 Prevention, Diagnosis and Treatment of Human
Diseases

Reusable model components / low-energy computing-] - css enrenmentai siotogy, Ecology and Evolution
. . . . LS9 Biotechnology and Biosystems Engineerin
‘Un-discipline’ funding SO
Which panels would you tick in ERC? e WEmts

PE2 Fundamental Constituents of Matter
‘ PE3 Condensed Matter Physics

PE4 Physical and Analytical Chemical Sciences
PES5 Synthetic Chemistry and Materials

PE6 Computer Science and Informatics

PE7 Systems and Communication Engineering
PES8 Products and Processes Engineering
PE9 Universe Sciences

PE10 Earth System Science

PE11 Materials Engineering

SH1 Individuals, Markets and Organisations
SH2 Institutions, Governance and Legal Systems

J u Stify SH3 The Social World and Its Interactions

SH4 The Human Mind and Its Complexity

|nvestment and SH5 Texts and Concepts

SH6 The Study of the Human Past

Oppo rtu n ity COStS SH7 Human Mobility, Environment, and Space

SH8 Studies of Cultures and Arts



How could we...?

Patterns, specifications and standards
Can be reimplemented by anyone on their preferred platform

Standards-driven software stacks
@

Design, build and
maintain
reusable
software



How could we.

Fluid dynamics
says cut
down
urban trees

e
S = >/

Why do you want
to model the
whole of the UK?

The women’s
session Is in the
other room

Overcome
imposter
syndrome &
discrimination



How could we...?

Pay more than lip-service to Equity, Diversity, and Inclusion «isy rringee
Trust others’ expertise — even if they aren’t physicists!

Overcome
imposter
syndrome &
discrimination
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