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2)  On Methodology (Science) of Research
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• Mathematics: 
• 17th century: Descartes, Hobbes, Spinoza, Leibnitz, and Pascal

• Psychology:
• 18th century: Berkeley, Hume, Condillac, and Kant

• Synthesis/biology/nature:  
• 19th century: Schelling (construct a program which covers both 

nature and the intellectual life in a single system and method), 
Schopenhauer (world as representation), 
Spencer (application of evolution to every field), Nietzsche 
(creative powers of the individual), 

• 20th century: Bergson (rationalism) 
• …
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Jim Gray’s Four Scientific Paradigms

Jim Gray’s The Fourth Paradigm: Data-Intensive Scientific Discovery.

1. empiricism
observe phenomenon and 
attempt to classify 
Ptolemy’s universe of concentric 
spheres 

2. theory  
describe above classifications 
with mathematical models 
Newtonian/Einsteinian gravity  

3. computation 
build `virtual’ physical systems 
via solution of math models
Cosmic structure formation

4. data-driven synthesis   
unite empirical, theoretical and 
computational branches with 
data (X-info and Comp-X) 
Matter/energy content of the  
universe 

Jim Gray (1944-2007)
Turing Award Winner 1998
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11 FEBRUARY 2011

3 SEPTEMBER 2008
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Data Science

10/4/2024 6:00 PM Professor Jiming Liu, HKBU

10/4/2024 6:00 PM Professor Jiming Liu, HKBU 10/4/2024 6:00 PM Professor Jiming Liu, HKBU



Prof. Jiming Liu, HKBU 10/4/2024

3

10/4/2024 6:00 PM Professor Jiming Liu, HKBU www.exkalibur.com

modeled

modeled
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Q1: A Single Paradigm?
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www.bythewaybooks.com/pages/books/19660/herbert-spencer/first-principles

Herbert Spencer 
(1820 – 1903)
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The Real World…
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www.annalsofcommunityhealth.in

INTERVENTIONS
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By Barbara Han & John Drake
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Butterfly Effect

www.armstrongeconomics.com
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By Alexander Wikner

Credit: Creative Commons | Asturnut (butterfly), Creative Commons | Hellisp (attractors)
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• Goal 1:  modeling (of autonomous entities 
of) complex systems (e.g., cyber-physical-
social systems)

• Goal 2:  computing with autonomous 
entities (e.g.,  for tackling complex 
computational problems)
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back to the Reality…
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Complexity (“Mysterious Triangle”)
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Some interacting 
components (in circles) 
and associated factors that 
can affect the transmission 
of diseases.
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Mondher Bouden and Bernard Moulin, “Multi-level geosimulation of zoonosis propagation: A multi-agent and climate sensitive tool for risk management in public health,” in 
Advances in Risk Management, Giancarlo Nota (Ed), ISBN 978-953-307-138-1, Published: August 17, 2010.
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Lord Robert May
Professor, University of Oxford &
Imperial College London United Kingdom
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Reproduced from Anderson and May (1979)10/4/2024 6:00 PM Professor Jiming Liu, HKBU

Nature of Inquiry
(Aim of Modeling)?
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Credit: Research on Complex Systems Group, Northwestern University

International  Air Travel

By Madotto & Liu
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• To understand, predict, and control epidemic dynamics
by characterizing age-specific or spatial sub-populations

𝐼௧ାଵ = 𝕂௧𝐼௧ = 𝑔 𝑆௧𝐵𝑪𝐴 𝐼௧

𝑆௧: Susceptible population
B: Infection acquiring rate
C: Contact matrix
A: Infection transmission rate

Contact: Individuals’ mutual 
exposure in the same 
physical environment

[Vespignani 2012]
By Yang, Pei, Xia, & Liu, et al.

Key to Unveiling Meta-Population Transmission
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Predictions and quantitative evaluation of different strategies
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Contact Networks
• Simultaneous diffusion of 

disease, information, and 
behavior (simulating “triple-
diffusion” in metropolitan 
areas)

• “Results reasonably replicate 
observed influenza spread and 
information propagation.”

Liang Mao, Modeling triple-diffusions of infectious diseases, information, and preventive behaviors through a metropolitan social network—An agent-based simulation, 
Applied Geography, Volume 50, June 2014, Pages 31-39
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Nature of Inquiry
(Aim of Modeling)?
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Q2: …Right Model, 
at Right Scale, 

for Right Inquiry? 
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Q3: Multiple Scales are 
Inter-Related… How?
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alain.le.bot.chez.com/

www.eoht.info/page/S+%3D+k+ln+W

amapress.gen.cam.ac.uk/?p=1507
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Recommended Readings
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