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Q1: Why Computer Science
and Al?
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« “Al is thought to be an
impossible dream by many.
But not to us in Al. ...the future
promises to generate orders of
magnitude greater impact than
its progress to date.”

Raj Reddy
(1994 Turing Award)
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Emerging Diseases: Past 30+ Years

NIAID Director LUIBOnASNEETW], M.D., Highlights Lessons

National Institute of

Allergy and

Infectious Diseases
Associated Press
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“Three Decades of Responding to Infectious Disease Outbreaks”
(NIH/NIAID, 2017)

2017: Global Examples of Emerging and
Re-Emerging Infectious Diseases

MERS-CoV

Diphtheria
E.col 3 L
0104:Ha | Drug-resistant malaria

m:
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[© Newly emerging o R i ing @ “Deli emerging” | ...,

NIH/National Institute of Allergy and Infectious Diseases (NIAID), 14 Nov. 2017
Professor Jiming Liu, HKBU
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Covid-19 <.« Zoonotic Viruses?

Reservoirs: Animal, Human, & Environment

T Future epidemics?
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Hocluding humans

Karesh, etal. 2012

EcoHealth Alliance
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Covid-19 <..< Zoonotic Viruses?
Reservoirs: Animal, Human, & Environment

Response Planning

Control benefits
imal

A x‘-‘ toanimals
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Control benefits

Number ofcases

Karesh, etal. 2012

Time (days)
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Neglected Tropical Diseases (NTD): Past 3000+ Years

Source: Britannica

« According to WHO World Malaria Report 2019

« ~228 million cases (artemisinin-resistance!!!)
* ~405 000 deaths in 2018 (67% under 5 years)

mare cases in 2017 Certified malaria free since 2000
7 No malaria
ars) in 2017 Not applicable
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Published online: May 11,2016
EMBO reports

Infectious disease intelligence

PREVENTATIVE MANAGEMENT

Human infection has not been detected,
but infection sources are present.

Management efforts aimed at preventing
spillover from latent sources.

D X [ X7

INTERVENTION AND CONTAINMENT
Spillover infection has occurred. Human
disease has been verified.

Management focused on human
intervention.
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Barbara A Han & John M Drake

EMERGENCY

CONTAINMENT AND DAMAGE CONTROL

Emergency responses are mounted for
damage control.

9/13/2022

Data

¢ CDC and/or clinical data
« Weather or climate data
e Census data

» Geospatial data (to superimpose hundreds of feeds
like terrain, land use, or transportation for situational
awareness in complex emergencies)

» Drug Administration data (e.g., mobile app reporting,
to detect adverse events and medication errors)

* Tweets (to extract the number of people who were
_r|1|osp|tallzed or sick from air/vector/water/food-borne
ilinesses
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Using big data is not just to find something interesting for the sake of discovery, but
to find something interesting that is actionable at scale.

===
P ANALYTICS > ANALYTICS 7 B ANALYTICS
« Disease risk mapping & X , « Transmission dynamics. A >« Forecasting

« Statistical modeling

BRAAQET NN

> oata » Data » oama o
HUMAN POPULATION * Outbreak investigations. + Interventions Q ILLEET
« Census data « Seroprevalence surveys in « Case counts

* Business data
« Transportation data
(e.g-, road, networks, airline flows) ).‘P».
« Mobility i
(6.9, call datarecords) [y Wby Gy
« Resistance

humans and animals
* Transmission pathways
* Vector monitoring

* Genetic sequences CTACTGCCGTACC
* Resources
(€., staffing, trained personnel,
equipment, lab facilies, etc)

ANIMALS
+ Wid animal testing ‘;ﬁ'

« Livestock surveillance
ENVIRONMENT
* ClimateAveather

HUMAN DATA|

ENVIRONMENTAL
DATA

SOCIETAL RESPONSES

The Gartner Analytic Continuum

Simulation Neural Networks
(Monte Caro)
o How can we
Inertia Prodicive Modelng  make it happen?
Foresight l Visualgaton  Patem Matching e
DRI piciser AW Analytics
Pl Analysss happen?
Query and Ad foc T o -
W " eoring _ Predictive Yot
2 Why did it Analyti .
é Deta Discovery happen? nalytics p
Insight < sotiod e o
ok What Diagnostic C
happened? Analytics
i Sema d A
D s t

Imperative

Gartner.
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@ Abstractions & representations

@ Theoretical / computational

" characterization

Computer Science To See the Unseen
and Al

e Data Q1: Why Computer Science and Al?

O Realities
B e _

To Dream the Possible Dream Q2: What and How?

Q1: Why Computer Science and Al?
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To See the Unseen:
How Disease Transmits

Professor Jiming Liu, HKBU

Infection Dynamics

Pandemic outbreak:

no intervention o

Daily number of cases
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Slow acceleration of number of cases.

B —

Albany, New York

BREAKING NEWS
NV 20\ 204 DEADI E LIAVE NIEN IN CTATE IN DACT 24

Reduce peak number of cases
and related demands on
hospitals and Infrastructure

Reduce number of overall
cases and health effects

%

e

Number of days since first case

Professor Jiming Liu, HKBU

Credit: CDC

Predicting

the Future

Population level

e -

W /

Professor Jiming Liu, HKBU

© HME COVID-19 Projections

Last updated May 12, 2

Daily infections and testing ©®

[ Estmats mockons | Confmed wectors Tess

Tosy

GHDX v

= = Estmated infectons =
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Confimed infectons === Tests = = Tosts (rojected)
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Limits of Existing Models

Population level

a ™\
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« How disease transmits among different age-
groups, in major social settings

Unsolved
Puzzle

« How future risks and trends may evolve
« What are the right distancing strategies
* When will be SAFE to reopen
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Close Contacts, and Setting-Related Transmissions?

i e A R0
2 » 2 ;ﬁf - /&?ﬁ%\ I.FT E 7 ; . Age Groups
'M’M M AN 855 t%‘ 5] GL: 0-6;

Households Schools Workplaces Public/Community G2: 7-14;
o‘&a“’o"c}’ : o"ocaa" 0‘(9'65@“3'”6‘ , G3: 15-17;
G4: 18-22;
;s - G5: 23-44;
EE G6: 45-64;
G7:>=65

(A) (B) ()]

Observation: Initial COVID-19 transmissions in Wuhan took place mainly in households and public places
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EClinicalMedicine

Published by THE LANCET

Prediction: Seeing the Unseen Risks

14000 Wuhan
12000
Epidemic trend without 1. ConS|d_er various social distancing
10000 interventions strategies
2. Capture both reported cases
800 and potential risks
Epidemic trend with X X . X
600 interventions 3. Consistent with the actual situations
Peakon Feb. 11: 3075new|
400! cases
200
New confirmed cases/ day
0 .
= = == == == [=] [=] o o j=] o O j=] o [=] o
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« To understand, predict, and control epidemic dynamics
by characterizing age-specific or spatial sub-populations

Ieyr = Kl = g(5¢:BCA)I,

Macroscopic level

S,: Susceptible population

B: Infection acquiring rate

C: Contact matrix

A: Infection transmission rate

Microscopic level

Skl g Contact: Individuals’ mutual
® e @g@ exposure in the same
- physical environment

Mobity flows

[Vespignani 2012]

By Yang, Pei, Xia, &Liu, etal
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Key to Unveiling Meta-Population Transmission  simas.

Unveiling Hidden Diffusion Networks

FIGURE 5. Traditional method and inverse engineering analysis method for modeling, analyzing, and inferring of infectious disease. () Traditional
method: modeling and analysis of infectious disease by given contact network. (B) Inverse engineering: inferring dynamic social contact patterns
using temporally observed incidences.
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o1 whycompuier | 1O Dream the Possible

Science and Al? Dream

To Dream the Possible Dream:
Computer Science for Safety
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« How disease transmits among different age-
groups, in major social settings

Unsolved
Puzzle

« How future risks and trends may evolve

« What are the right distancing strategies

AN ETaRTYTNoTEISAFE to reopen

[PR
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Science of Reopening iy

Public/Cammunity
SESIFESS

B
S LN
& o N
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b= ki

On Herd Immunity o s

=

Public/Cammunity
SESIFESS

Hauscholds
G FE SIS

Indirect protection by
transmission cutoff

e @ Susceptible
® Infectious
@ Vaccinated

Direct protection by vaccine
induced self-immunity
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repub.eur.nl/pub/101487

Essence of Herd Immunity: Individual Decisions

e A
Vaccination cost-benefit analysis

Social network Decision costs

* Nodes V : individuals * Disease infection: &

« Edges L : social closeness * Vaccination: ~

L0
* Status o : decision-making

4 \
/ Game-theoretic analysis \

« Risk of infection: ; o e
—— Decision equilibrium
v

5

* Cost function A * Cost-minimized choice
Foyer{on)| [ S o,
+ Cost minimization 6= o
i 5 —1if r.> 2
& = min{F (o)} g,
N =z J

9/13/20221:05PM

Professor Jiming Liu, HKB




Prof. Jiming Liu, HKBU

9/13/2022

9/13/20221:05PM

To Dream the Possible Dream:
Al for the “Last Mile”

Professor Jiming Liu, HKBU

Neglected Tropical Diseases (NTD): Past 3000+ Years

Source: Britannica

« According to WHO World Malaria Report 2019

« ~228 million cases (artemisinin-resistance!!!)
* ~405 000 deaths in 2018 (67% under 5 years)

B One or more cases in 2017 Certified moloria froe since 2000
Zero cases in 2017 No melaria
Zero coses (23 years) in 2017 Not applicable

Image Credit: World MalariaReport 2018
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China-Myanmar
borderarea. (a)and
(b) highlight the
region thatwe are
goingto carryoutthe
experimental
evaluationand onsite
validations, which
covers18
prefectures, 180
counties,and 1,554
villages.

s in China-Mysnmar bor

() 18 border prefectur 0y

Louameporosen

Professor Jiming Liu, HKBU. By Liu, Liu, & Zhou etal

. in Disease Control
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Algorithmic thinking & problem solving

I
=
e

*
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Machine Learning: To Reveal What’s Happening

= Endemic Surveillance
= Spatio-temporal observations of infections and environmental attributes

= Inferring the Underlying Diffusion Network

Endemic Surveillance

LN
(e.g., temporal-spatial series with geographic )
and demographic attributes, etc. ) | 9/

Professor Jiming Liu, HKBU
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Spatio-Temporal Risk Mapping

¢ Malariain Yunnan Province, China

e
[ pptes

S ansteng 04
P. vivax incidences of 62 towns in Yunnan, China

By Benyun Shi, Jiming Liu, and Xiao-Nong Zhou, etal
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Machine Learning (ML): To Reveal What’s Happening

= Endemic Surveillance
= Spatio-temporal observations of infections and environmental attributes

= Inferring the Underlying Diffusion Network

... In Machine Learning

9/13/20221:05PM
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Endemic Surveillance
(e.8., temporal-spatial series with geographic [

and demographic attributes, etc. )

Network Inference
Optimization
* Objective function: ON)=L(N| X)v',’vL

Transmission likelihood
« Likelihood: ~ L(¥|) -

+ Infectious strength
(malaria case)

Diffusion Network
(Underlying disease diffusion incorporated
wiith temporal, spatial and other attributes)

Diffusion Network

Professor Jiming Liu, HKBU

Diffusion Network

- “Mysteries” (Fully) Revealed?

Professor Jiming Liu, HKBU

a Hostpopulatiop
0 Vector '
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- Dynamics
S 4 Meta-population

0 Vector: Extended Ross-
Macdonald model

0 Environmental factors
0 Human mobility

%Y%%
\\
LI FESD O Qi

| EEE
P&e ractions ‘
- s
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Multi-Level Models & Multi-Scale Impacts

< 7_ Ecologica] __

Macroscopic C Dompitals

Multi-scale

Microscopic

Meta-population

Abstractions & representations

Theoretical / computational characterization

I
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Individual
Q3: Multiple Scales are
Inter-Related... How?

19
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Butterfly Effect

Complex Spatio-Temporal
Dependencies
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Heterogeneous data sources

x®

x@

Yof

Multi-

Scale

Deep
Recurrent
Neural
Network
(MS-DRNN)

Spatio-temporal prediction

Tllustration of the idea behind the proposed MS-DRNN. Given a spatio-temporal dataset
X observed from d

heterogeneous data sources, MS-DRNN aims to integrate the data from various sources
9/12/2022 1:0and capture the complex dependenciesamongrthemifor making predictions on y+.

with the target variable Y.;—1 and multiple covariates Xf,l). cee

Multi-
Scale

Deep
Recurrent
Neural
Network
(MS-DRNN)

Context
I output Target
®  OutputGate
e  Temporal Gate

ooz vosd) Integrative

(ST R—
Input Feature in Coarser Scale
Input Feature in Finer Scale

@B  Encode Neural Network

1) Encoder and decoder structures in module | integrates heterogeneous data.
2) Hierarchical structure in module H captures multiple spatio-temporal effects on
target variable caused by covariates from different sources.

effects at varying scales in module O generate predictions.

ToTessor iming LU,

ML Challenge: Unseen Interactions
(Complex Dependencies)

Host population
Vector

Environme factors

9/13/20221:08PM

X

Yoyl

Heterogeneous data sources

IEEE TRANSACTIONS ON

NEURAL NETWORKS AND
LEARNING SYSTEMS

Spatio-temporal prediction

P
SXine

sl

1@
* %t

Yir-1 :>

Professopffing LiugHKep)

Multi-

Scale

Deep
Recurrent
Neural
Network
(MS-DRNN)
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IEEE TRANSACTIONS ON

NEURAL NETWORKS AND
LEARNING SYSTEMS

ML Challenge: Unseen Interactions
(Complex Dependencies)

Heterogeneous data sources

51 y “mporal prediction

Enveonmental faciors

Host population
Vector
Environme getsg
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Abstractions & representations

Theoretical / computational characterization

Realities
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Global Malaria Eradication, by 2030

Yunnan

.

Yunnan, SEA and GMS Global
China Countries Eradication

Image Credit: Google Maps
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e e Infectious Diseases of Poverty

OPINION

ZYStems thinking in combating infectious ®
“Moee Systems thinking in combating infectious  ®“
: diseases

a2 o e X
S s i e reswen iz Shang Xia ', Xiao-Nong Zhou'*** and Jiming Liu**
e
e i o ymasalicmss e

Muliingual absracts
Pl e Ao e i o e s
e ol g g f e U ot

Abstract

The transmission of infectious diseases is a dynamic process determined by multiple factors originating from
disease pathogens and/or parasites, vector species, and human populations. These factors interact with each other
and demonstrate the intrinsic mechanisms of the disease transmission temporally, spatially, and socially. In this
article, we provide a comprehensive perspective, named as systems thinking, for investigating disease dynamics
and associated impact factors, by means of emphasizing the entirety of a system’s components and the complexity
of their interrelated behaviors. We further develop the general steps for performing systems approach to tackling
infectious diseases in the real-world settings, so as to expand our abilities to understand, predict, and mitigate
infectious diseases.

y Systems thinking, Complex systems approach, Infectious disease control
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Complex Systems Approaches

Problem-
driven
Conceptual
modeling
(a)Quantitative: {c)Hypothesis
Topmessann b)Qualitative (d)Empirical
m intuition
Goal {iPay Real-world  pata-
directed 0 5‘8 gl A oriented

| | 27
(@Soluton X, 7 (e)Observation
tn)v.am% \/ /}men:s
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Problem-Oriented Modeling/Learning

Professor Jiming Liu, HKBU
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