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Overview

e Agent-based modeling (ABM)

CyberGIS
e Jupyter Notebook
e Reproducibility & Replicability (R & R)

e R& Rin ABMs



Agent-Based Modeling (ABM)

e Capture and simulate various spatiotemporal phenomena

— Dynamic interactions between heterogeneous agents and their
spatially explicit environment

« Used in hypothesis testing, policy analysis, etc.

Ecology Health




CyberGIS

* Definition rr—

— Geographic Information Science and E e
System (GIS) based on advanced
computing and cyberinfrastructure

Component-Based

* Purpose

— Focuses on computational and data-
intensive geospatial problem-solving i
within various research and education
domains

— Bridge gaps between geospatial big
data, software and applications
through advanced cyberinfrastructure

Wang, S. (2010) A CyberGIS Framework for the Synthesis of Cyberinfrastructure, GIS, and Spatial
Analysis, Annals of the Association of American Geographers, 100(3): 535-557 4



The Jupyter Notebook

Ju pyte I

Introduction

nnnnn

The Jupyter Notebook is an open-source web application that supports to
share documents, code, equations, visualization, and narrative text.

« Uses: data cleaning, transformation, numerical simulation, statistical
modeling, data visualization, machine learning, and much more

Source: https://jupyter.org/ 5



https://jupyter.org/

CyberGIS-Jupyter

“An innovative cyberGIS framework for achieving data-intensive,
reproducible, and scalable geospatial analytics using Jupyter
Notebook based on ROGER, the first cyberGIS supercomputer”

Be capable to accelerate gateway application development and sharing
while associated data, analytics, and workflow runtime environments
are encapsulated in to packages that can be elastically reproduced
through cloud-computing approach

Yin, D., Liu, Y., Hu, H., Terstriep, J., Hong, X., Padmanabhan, A., & Wang, S. (2019). CyberGIS-Jupyter for reproducible and scalable 6
geospatial analytics. Concurrency and Computation: Practice and Experience, 31(11), e5040.



Reproducibility & Replicability

 Reproducibility (A /Xl &4)
— Reproducibility is to obtain consistent results using the same input

data, computational steps, methods, and code, and condition of
analysis.

— Synonymous with computational reproducibility

e Replicability (S X|)
— Replicability is to obtain consistent results across studies aimed at

answering the same scientific questions, each of which has obtained
its own data.

— Two studies may be considered to have replicated if they obtain
consistent results given the level of uncertainty inherent in the
system under study.

National Academies of Sciences (2019). Reproducibility and replicability in science.



Overview, Design Concept, and Details (ODD)

Grimm, V., Berger, U., Bastiansen, F., Eliassen, S., Ginot, V., Giske, J., ... & Huth, A. (2006). A standard protocol for describing individual-

based and agent-based models. Ecological modelling, 198(1-2), 115-126.
Table A1. Overview, design concepts and details of ABMs.

Overview

Purpose

Entities, state variables,
and scales

Process overview and
scheduling

Design concepts
Basic principles
Sensing
Interaction

Details

To simulate a local-level DENV transmission with eight scenarios: (1) HeteroRealPre, (2)
HeteroRealReset, (3) HeteroSynthPre, (4) HeteroSynthReset, (5) HomoRealPre, (6)
HomoRealReset, (7) HomoSynthPre, and (8) HomoSynthReset
ABM consists of three entities: (1) human, (2) infectious female mosquito, and (3)
building agents, and each entity has several state variables.
(1) Human agent

o Age

e Gender

e Occupation status

® House location: x-y coordinates

® School/workplace location: x-y coordinates

e Current location: x-y coordinates

® SEIR states for all DENV serotypes

o Cross immunity state

(2) Mosquito agent
e Age
e Serotype

(3) Building agent
o Type
® Location: x-y coordinates

(1) Movement
eHuman: commuting process: school (aged 5-19) and workplace (aged 20-64)
eMosquito: moving around within 30 m (15 % of probability) and random locations
(1% of probability)

(2) The birth, death/out-migration and aging
eJanuary 1% every year, the certain amounts of individual humans are newly born
and died/out-migrated. The newly born humans are randomly assigned to houses.
eJanuary 1 every year, every individual gets older. The property (age) increases by
one.

(3) scheduling for immunity
elIn reset scenarios, the immunity status of an individual is reset and assigned based
on individual's age.

(4) Biting
eMosquitoes bite humans with a certain probability

(5) Seasonal fluctuation of mosquito population
eThe counts of mosquito population vary to month as shown in Figure 6.

The ABMs purpose to explore the impacts of model specifications in regard to (1) spatial
configurations of buildings, (2) spatial distribution of mosquito population, and (3)
immunity status of individual human. The model was expanded based on Chapter 4.
Each mosquito senses the neighboring houses to move around and human to bite in all
buildings.

There is an interaction between humans and mosquitoes by biting process of
mosquitoes.

(Continued)

Not enough for
Replicable & Reproducible
ABMs

Kang, J. Y., & Aldstadt, J. (2019). Using multiple scale spatio-temporal
patterns for validating spatially explicit agent-based

models. International Journal of Geographical Information

Science, 33(1), 193-213.



Reproducible Spatially Explicit ABMs

* Purpose

— To achieve data-intensive, reproducible ABMs using
Jupyter Notebook

* Provides a holistic solution
* Makes sharing codes and workflows easy

— To reduce the barrier to accessing the advanced
cyberinfrastructure and cyberGIS capabilities

* Exploit JupyterHub, cloud, and high-performance
computing resources



Influenza

* A contagious respiratory iliness cased by influenza virus

— Cause mild to severe illness
— Serious outcome: hospitalization or death

 Some people (elders, young kids) at higher risk of serious flu
complications

Source: https://www.cdc.gov/flu/about/index.html

shorturl.at/eiSU8 10
shorturl.at/gzACO



https://www.cdc.gov/flu/about/index.html
http://shorturl.at/eiSU8
http://shorturl.at/gzAC0

Agent-Based Modeling of Influenza

* Individual human agents

— Age-dependent behaviors

* Aged 6 to 19 : commuting to schools

* Aged 20 to 64 : commuting to workplaces
— SEIR status

. Infectious
Susceptible =)  Exposed =) =) Recovered

Incubation (7 days)
Period (3days)

11



Contact Network

* Based on individual human agents’ movement behaviors
— Commuting to schools/workplaces

Household-based Contact Network

: é ; \ Daily Activity-based Contact Network
School/Workplace-based Contact Network
O ?— P O

12



An example: ABM of Influenza

Parameters Simulation output
Contacts perday (10 ) y

Infection probability [0.1] ") ,

100 Families Susceptible  Exposed - Infectious + Symptoms_« Immune 5 Work environments
g fy T T T T T f3 £ 4 T
fuy  far T fer T L T £ £

fod  foT for T v e T T £33 1 4 T
fod  fuy fr L far 7 LT T 3 1

o] o fuT fd T fed T fd fmT fed 4 T
foT il fud fr  fmr feT =T fed f.T £

feel ] fel il ol T fied  fid  feT  fe] 4 T
feoel  fel  foT ol fuT fuT 7 f27 {7 2]

feeed 7 il {1 7 fod {27 feT  fe] e T
feeed ] fel il fd i fed {27 {7 2]

13
Source: AnyLogic Clould



Weekly Infection cases/Total Infection cases (%)

0-

Simulation Outputs

Comparison of simulation results to observations

Legend

observations

— simulated results
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Kang et al., (in review) An integrated framework of global sensitivity analysis and calibration for spatially

explicit agent-based modeling
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Demo: CyberGIS-Jupyter for Influenza

Workflow

Synthesize a Population

e Use your ACS data to generate a statistically
similar population to your study area.
e Use your spatial data to assign people to
homes, schools, and workplaces.

Analyze and Visualize Simulate a Flu Season

e Try to find spatial or temporal patterns in your

results and see if you can explain them e Have your population go about their days,

bumping into each other.

https://cybergis-
jupyter.cigi.illinois.edu/user/kang7 16/notebooks/group _work/group5/KRIHS _talk.ipynb

15


https://cybergis-jupyter.cigi.illinois.edu/user/kang716/notebooks/group_work/group5/KRIHS_talk.ipynb

ABMs for electric cars

* Policy Analysis
— Government subsidies (for sustainable environment)
« electric cars vs. charging station
— Optimal allocation of charging station

16
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[ cyberais center for Advanced Digital and Spatial Studies
Thanks !

« Comments / Questions?

- Email: geokang@illinois.edu

* Twitter : @jeonyoun


mailto:geokang@illinois.edu
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