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Overview
• Agent-based modeling (ABM)

• CyberGIS

• Jupyter Notebook 

• Reproducibility & Replicability (R & R)

• R & R in ABMs
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Agent-Based Modeling (ABM)
• Capture and simulate various spatiotemporal phenomena

– Dynamic interactions between heterogeneous agents and their 
spatially explicit environment

• Used in hypothesis testing, policy analysis, etc. 
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Ecology Health
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CyberGIS
• Definition

– Geographic Information Science and 
System (GIS) based on advanced 
computing and cyberinfrastructure

• Purpose
– Focuses on computational and data-

intensive geospatial problem-solving 
within various research and education 
domains

– Bridge gaps between geospatial big 
data, software and applications 
through advanced cyberinfrastructure
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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
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The Jupyter Notebook
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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/

https://jupyter.org/
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CyberGIS-Jupyter
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“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 
geospatial analytics. Concurrency and Computation: Practice and Experience, 31(11), e5040.
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Reproducibility & Replicability
• Reproducibility (재생/재현)

– Reproducibility is to obtain consistent results using the same input 
data, computational steps, methods, and code, and condition of 
analysis.

– Synonymous with computational reproducibility

• Replicability (복제)
– 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.
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National Academies of Sciences (2019). Reproducibility and replicability in science.
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Overview, Design Concept, and Details (ODD)
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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.

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.

Not enough for
Replicable & Reproducible

ABMs
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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
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Influenza
• A contagious respiratory illness 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
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Source: https://www.cdc.gov/flu/about/index.html
shorturl.at/eiSU8
shorturl.at/gzAC0

https://www.cdc.gov/flu/about/index.html
http://shorturl.at/eiSU8
http://shorturl.at/gzAC0
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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
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Susceptible Exposed Infectious
(7 days) Recovered

Incubation 
Period (3days)
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Contact Network
• Based on individual human agents’ movement behaviors

– Commuting to schools/workplaces
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An example: ABM of Influenza
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Source: AnyLogic Clould
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Simulation Outputs
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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
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https://cybergis-
jupyter.cigi.illinois.edu/user/kang716/notebooks/group_work/group5/KRIHS_talk.ipynb

https://cybergis-jupyter.cigi.illinois.edu/user/kang716/notebooks/group_work/group5/KRIHS_talk.ipynb
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ABMs for electric cars
• Policy Analysis

– Government subsidies (for sustainable environment)
• electric cars vs. charging station

– Optimal allocation of charging station
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Thanks！
• Comments / Questions? 

• Email: geokang@illinois.edu

• Twitter : @jeonyoun
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mailto:geokang@illinois.edu
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