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igh Data Aggregation & Integration/
o Data Interoperability

¥ +

é Clinical Analytics —

+
|;~ Predictive Analytics

Enabling Precision Medicine

Human Genome Project (1990~2003)
HapMap Project (2002~) » Increase of Computing Power

Availability of Next Generation Sequencing + Appearance of Cloud Computing
Proteome, Epigenome, Transcriptome

« Emergence of Electronic Medical Record = Increase of Data Sharing between
+ Collect Data through Maobile Device Researchers

Healthcare Data Networking
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Biobank
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Cognitive function and
hearing tests

Litestyle, medical
history,
sociodemographic

Health outcome data

Genotyping & Imputation
(n = 500,000)

Physical measures

Environmental
measures Web-based
questionnaire data
(~200,000)
Urinary biomarkers

Physical activity

Genetic data via the monitor (100,000)

EGA (500,000)
Imaging (15,000+)

Biobank
“ Type of biorepository that stores

biological samples (usually human) for
use in research.”

|
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=) : Korea Biobank Network
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AT E S

oo/ Hio|oWa £FIHY : JLY

(L]

2020
564,214

R T T — T T S — i T TR TR s — Tt Rl

o Hu nig| BH Al 22 ZQF Ol
=177 A xH Thel 2/ 4
o X EH oot =X DNA 820HH

gosoecime,
N

£
SEEE £500,000
x| Pa 3
2
- i




THZE 1. HO|R YHO|E 241t ZES 2[et CIO[EHA0[2AA =

zIo| Ho|eW £FIHE : 0|2

@ United States : “All of Us” biobank
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The future of
health begins
with you.

Tha A¥ of Us Research Program is inviting one
milion peogie across this LS. to hls bulld ane
of the mast diverse haalth databases in
history. We welcome participants from al
bockgrounds. Researchins will use the data to
lparn how our biology, lifestyle, and
enviranment affect beasth. This may one day
help theen find ways to treat and prevent
diseasa

We are building a
research program of
1,000,000+ people.

Thie All of Us Reésearch Program is an ambitious effort to
gather health data fram one million or more peaple living
In the United States 1o accelerate research that may
improve hesith.

OPPORTUNITIES FOR RESEARCHERS
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Insights into clonal haematopoiesis

The UK Biobank resource with deep
phenotyping and genomic data

Genome-wide association studies of
brain imaging phenotypes in UK from 8.342 mosaic chromosomal

alterations

Biobank

and genom:

studies of brai

Deep pheno
from 500,000 individuals fre
bank using

ihing population structure and relatedness

Cenome-wide association

long-rat information sheds

mech:

tation to increase the
o 96 million

Data Science and Statistics for
Precision Medicine
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Data Science for Personalized Medicine

BIG DATA

ELECTRONIC HEALTH RECORDS

BAAGING DATA

]

STREAMING DATA

from BIG data?

RESEARCH-8Y-CONSOATIUM

HIGH PERFORMANCE COMPUTMNG
CLOUD COMPUTING
DATA SECURITY

FEDERATED INFRASTRUCTURES

PERSONALIZED

|,,,Q1 MEDICINE

DEEP LEARNING

COGNITIVE COMPUTING

Cirillo, Davide, and Alfonso Valencia, "Big data Iytics for p

How to Extract Knowledge

“Data Science and Statistics”

" Current opinion in biotechnology 58 (2018): 161-167,

SHE 2 e A A4 P45 8T
o HEFHEA 24 (GWAS) (100,000 0|4

KHE S M XHDEG) 241 (20,000 0] &h

o Z[AgtE: FOTHOIHE L1 S
o SAH e HEE 7|/ stas &7l ol22 = Y2 = of5]
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Reduction

® Unsupervised Learning2| €&
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*” 1 | ** ﬁ * e Unsupervised Learning

Gl O] & off Cifet 21 0]5 (BAIA EHO

wq*ﬂ o NI o moixx| 2O AEHOIA] B2 AIT|S

TN LR

Deep Learning, Machine Learning, Al

" ~ ARTIFICIAL INTELLIGENCE
- A technique which enables machines
Artificial Intelligence F to mimie human behaviour

&

Machine Learning

MACHINE LEARNING
Subset of Al technique which use
N statistical methods to enable machines
x \ to improve with experionce

Deep Learning

DEEP LEARNING

Subset of ML which make the
computation of multi-layer noural
network feasible

SUPERVISED
LEABRNING

*” *w _ Leaming l * L Superyised Learning
% ‘ * ®  of Gl O| & off CHSH 20| S (B AIA EHO

Offl JEfOIM HREE SsA7I=
=3
=

f

T Tesi " Categorisation/Predicti

e
e
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ZEPHYR
HEALTH

BV Watson

Google DeepMind ver i I y
ALPHAFOLD

AlS 223t Healthcare £ 22| AEIEHN

== 106 STARTUPS TRANSFORMING HEALTHCARE WITH Al

PATIENT DATA & RISK ANALYTICS  RESEARCH MEDICAL IMAGING & DIAGNOSTICS
ROAM émmcl lemodala Mepalocm ‘Ej s 4 anriavs Benktc a0t Frebra
i OncCIR ’ s "WodAwarm TEEHYR e e e i v [ Y——
Heith (14 sueaire sy v pernCil . A5 Jicarben @coevers @  Imagnsea B Mindshae (8]
jifrasmaex 9 epa clini ruvTIcS wa i rusie Lt iy s o j@
mm - oM 0EEPE . #Lun ==
‘a_!? M ABEN 0v||'..l IZ
LIFESTYLE MANAGEMENT & MONITORING MENTAL HEALTH
@ric (o] 1o Gingario
jbm. wndt Bueina ('
Welltol. Intendu [ y DRUG DISCOVERY
& Avorels L=
NUTRITION e -
2 = Baionavie
EMERGENCYROOM & SURGERY Numerste NuMedii @l toSAR
O —
VIRTUAL ASSISTANTS
IN-PATIENT CARE & HOSPITAL MANAGEMENT busy i O vonvion Q
Cualaris " (EEER MD Shglvion SopheB0T  med ) what
WEARABLES
MISCELLANEDUS .
a bugs G2
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AView from Antonio Regalado T H E

Steve Jobs Lefta Legacy on Personalized A N G E L I N A

Medicine ( _EFF ECT

Atype of DNA test the Apple CEO hoped might save his life is
becoming widely available,

September 27,2013
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QUALITY

EDUCATION

DECENT WORK AND
ECONOMIC GROWTH

1 CLIMATE 1 PEACE. JUSTICE
ACTION AND STRONG
INSTITUTIONS

17 PARTNERSHIPS

FOR THE GOALS @

SUSTAINABLE
DEVELOPMENT

GOALS

60 70 80

Nodata 0 10 20 30 40 50

AI2FA: https://ourworldindata.org
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Multiple Sequence Alignment (MSA)
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correlated
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pooling NI Fatten .
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Joint features
Non-interacting pairs:

Broader distribution Quter product & averaging
Interacting pairs (having co-mutation):
Sharper distribution O[O X| &X: CopulaNet &=2
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High-Throuput Screening
Hit molecules
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Screening Series Identified
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Figure 2. EQUIBIND model architecture.

O|O| X| ZX: Stark et al (2022), arxiv
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fYvyino%e Simall data Some data Big dana

Hidden fluid mechanics: Learning velocity and pressure “ Bata
fields from flow visualizations '

Lots af prhwi N prlmas' s
sewr ¢

Emerging branch of computational fluid dynamics at the Traditional New Data-driven
intersection of mathematical model and deep learning. solver (data+model) approach

Physics-informed neural network framework, encoding
governing equation into the neural networks
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NVIDIA is already using physics-informed neural
networks (PINNs) in NVIDIA Modulus,

SimMet c Electronics Cooling
Simulation Software
Total compute time for -2 hours (3 secs for each evaluation on  »100 days (60 mins on 17 Intel Xeon * MOdUlUS performance CDmpariSUn WIth
2500 cases  single Volta GPUY® Giald 6128 CPY cores 340142} a commercial solver for heat sink design
{design evaluation) o) o e e optimization
(the training time i 5 days for the entire

o » 2 parameters with 50 dimensions = 2500
Memory (each case) 216 MB 64GB
Results file size (each case) -0.5GB «1GB
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Scientific ' Model-Based Approach [ Estimate solution y
Phenomena J
b b
y(t) = (yo +E) e -

Analysis / Prediction a

5 |
a=3b=2

L= ‘

= Model Estimations of

7 parameters (a, b)
using observation data
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—+ Heat Transfer by Conduction
W) Heat Transfer by Convection and Radiation
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S Iran, approx. 100,000 Covid-19
confirmed

CDC, USA confirmed England ‘Ci
Italy-next

South Korea

Cumulated confirmed about 10,80
s/ werw.theguardian com/c free/2020/may/16/covid-

https:/fweww.news18,com/ph v nited-states us-funeral-homes-in-new-york-struggle-as-death-toll- -25626245-3.ntm|
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Korea Disease Control and Prevention Agency
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Mathematical & Computational Thinking

as a Basis of

Data Science and Digital Transformation
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Founders of Mathematical and Computational Thinking

AAGD

Alan Turning

9.1y
b o

WFEA (S B8 E0), W 5 S E Aol 40| RYLE HAICh WHEP L0 MT 252 123

Donald Knuth,
The Art of Programming 41, (A B EJOJE| OISt AT S

brdb L ) HE 0|20 o x| 2 FRICH LichH

SH|AE(RIZ Sl 1BM =4 0jF[HIE

University Ranking: 2 X7 S22 =2 |8

Overall University Founder Company Capital Region
rank count count raised

Stanford Univarsity 1427 Lz 57368 Nerth Amsrics

Q University of California, Barkaiey 1438 1366 34578 Nerth America

3 w Harvard Usiversity 104 L8 sanzE terth Arrerics

4 Illil- Massachusetts institute of Technalogy (MIT) 065 43 54598 terth America

3 f? Urwersity of Fennsylvanis 030 o5 $3206 Korth Amenca
£

Cormell University fas m s2958 Worth Arrerica

000 Tl AvivUniversity [ciF] o7 53638 Middie Erst & Asia
N University af Michigan, Ann Arboe ol HE 52648 teeth Arerica

| i

[ ]

B g Technian - tsrael Institute of Technology 575 43 ST77B Middle East & asia
36 T winghus University 304 355 34238 Widdis East & Asis
73 | Natioral University of Singasore 20 162 3398 Middle East 5 Asia
=2 @ Seoul National University i} 157 5345 Middle East & Asia
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Data Science = ABC “+D”
Foundation of Digital Transformation

New Business Models (Domain Knowledge)

A

Algorithms

More Nobel Laureates are Expected from
Data Science + Domain Science

"Professor Imbens has plaved
a central role in shaping how
researchers understand and
analyze causal relationships.”

Stanford President
Marc Tessier-Lavigne

Guido Imbens
Economics Professor
Graduate School of Business
Stanford Lniversity

52




ANREE L. =

Generative Al

PRE-2020 2020

TEXT

CODE

IMAGES

VIDEO /
o /
GAMING

Larga model availability: () First attempts Almost thers @ Readyfor primetime

* Huge VC Funding to generative Al startups

- Jasper reached nearly $100M revenue and raised $125M at $1.5B
valuation

- Stability Al’'s $100M fund raising round with the valuation of $1B

UC Berkeley CDSS: Data Science Hub
Data Science is A Liberal Art

2019-2020

e 2800in Data 8 8
e 1600 in Data 100 :
e 500in Prob 140 %
e 500 in Data 102

The first Data
Science majors
graduated in
Spring 2019.
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SNU Grad School of Data Science:
Data Science Education Hub

O 20219 28t7)el= 2070 Wi sH(Y), 7370 SHak(F el 4] ¢F 9309 o] dHAj o]
ol gl Abo]l A2 st ol & F7AsHen, o] F <F 80%(735%)7}

B SR 249

161

&7
Hem
202004 1

98

.

< Cio[EAlojpiACHEH =2l Fol(=RBoT 2 HAE H<2D) >
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G| O| E{ ALO| A A CHSHA
MNZ2CH7t Z=C0H, AUl A& ME (2022.3)

OF Al%}
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