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Big data

Predstavuje oblast skuto¢ne velkého mnozstva udajov

V principe obsahuje datasety, ktoré prekracuju schopnosti a moznosti beznych
softvérov

Z hladiska definicie je to ,,pohyblivy terc, lebo objem dat aj vypoctova kapacita
beznych softvérov rastie

Business intelligence — pouziva aplikovanu matematiku a deskriptivnu statistiku
na datach s vysokou informacnou hustotou

Big data — pouziva matematicku analyzu, optimalizaciu, induktivnu Statistiku a
koncept z nelinearnych systémov, aby boli vyvodené zakony z velkého mnozstva
dat s nizkou informacnou hustotou, aby boli odhalené vztahy a zavislosti alebo
aby boli vytvorené predikcie vysledkov a spravania
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Big data

* Volume Data
: , . , Velocity

* Objem vygenerovanych a ulozenych dat G
* Variety

* Typ a povod dat. 53

| @
. i - ata
Ve oczlty , , , , 3 Variety ’

* Rychlost ktorou su data generované a sprocesované . ‘

* Veracity

e Kvalita dat a ich hodnota
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GROWTH OF THE DIGITAL
UNIVERSE, 2010-2020

Digital Universe in Exabytes (Billions of Gigabytes) .
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The Digital Universe C
44 ‘ is Huge And Growing Hl ‘ 44
/B
o A

Exponentially

—_—
2013 ciPada 2020

0.29" thick, 128GB

If the Digital Universe were represented by the memory in a stack of tablets, in 2013
it would have stretched two-thirds the way to the moon*.

By 2020, there would be 6.6 stacks from the Earth to the Moon*.
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Bit

Nibble
Byte
Kilobyte
Megabyte
Gigabyte
Terrabyte
Petabyte
Exabyte
Zettabyte

Yottabyte

1 Bit

4 Bits

8 Bits

1024 Bytes

1, 024 Kilobytes
1, 024 Megabytes
1, 024 Gigabytes
1, 024 Terabytes
1, 024 Petabytes
1, 024 Exabytes

1, 024 Zettabytes

EVROPSKA UNIE >
Evropské strukturalni a investién! fondy
Operadnl program Vyzkum, vyvoj a vzdélavani MINISTERSTVO 8KOLST

1/2 (rare)

1024

1,048, 576

1,073,741, 824

1,099, 511, 627,776

1,125, 899, 906, 842, 624
1,152,921, 504, 606, 846, 976
1,180, 591, 620,717, 411, 303, 424

1,208, 925, 819, 614, 629, 174,706,176
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Zdravotnictvi a big data

Exhibit 2

oy . M Cluster A [T Cluster D
Some sectors are positioned for greater gains from

i ['] Cluster B Cluster E
the use of big data - Clusterc M Cluster
uster
Historical productivity growth in the United States, 2000-08

Bubble sizes denote
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Big data value potential index'

. ) Finance and insurance
Professional services Re rental

are providers

Other services @  ° Educational services

1 See appendix for detailed definitions and metrics used for value potential index.
SOURCE: US Bureau of Labor Statistics; McKinsey Global Institute analysis
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A heat map shows the relative ease
of capturing the value potential
Overall

Zdravotnictvi a big data  orsssecer |

Cate- capture
gories Sectors index!

Manufacturing
Construction
Natural resources

Computer and electronic products

Goods

Real estate, rental, and leasing
Wholesale trade

Information

Transportation and warehousing

Retail trade

Administrative, support, waste management,
and remediation services

Accommodation and food services

Other services (except public administration)

Services

Arts, entertainment, and recreation
Finance and Insurance
Professional, scientific, and technical services

Management of companies and enterprises

Government
Educational services

Health care and social assistance

-
D =
8%
E,n.
°
()

x5

Utilities

Il Top quintile 4th quintile

- (easnes.t tf) capture) Bottom quintile
2nd quintile (most difficult) to capture)
3rd quintile No data available

Data-driven Data
Talent IT intensity mind-set availability

1 See appendix for detailed definitions and metrics used for each of the criteria.

SOURCE: McKinsey Global Institute analysis
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Zdravotnictvi a big data

Companies in all sectors have at least 100 terabytes of stored data in the
United States; many have more than 1 petabyte

Stored data in the
United States, 2009’

Stored data per firm

Number of firms with (>1,000 employees), 2009

Petabytes >1,000 employees? Terabytes
Discrete manufacturing® 966 1,000 9672
Government 848 647 1,312
Communications and media 715 399 1,792
Process manufacturing® 694 835 8312
Banking 619 321 1,931
Health care providers? 434 1,172 370
Securities and investment services 429 111 3,866
Professional services 411 1,478 278
Retail 364 522 697
Education 269 843 319
Insurance 243 280 870
Transportation 227 283 801
Wholesale 202 376 536
Utilities 194 129 1,507
Resource industries 116 140 825
Consumer & recreational services 106 708 150
Construction 51 222 231

1 Storage data by sector derived from IDC.

2 Firm data split into sectors, when needed, using employment

3 The particularly large number of firms in manufacturing and health care provider sectors make the available storage per

company much smaller.

SOURCE: IDC; US Bureau of Labor Statistics; McKinsey Global Institute analysis
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Zdravotnictvi a big data

The type of data generated and stored varies by sector’

Text/
Video Image Audio numbers

Banking

Insurance

Securities and investment services
Discrete manufacturing

Process manufacturing

Retail

Wholesale

Professional services

Consumer and recreational services
Health care _
Transportation

Communications and media?
Utilities

I
Construction

Resource industries

Government _
Education _

1 We compiled this heat map using units of data (in files or minutes of video) rather than bytes.
2 Video and audio are high in some subsectors.

SOURCE: McKinsey Global Institute analysis
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Techniky big data

* Techniky analyzy dat
(data mining, genetic alghoritmes, ..., machine learning, neural networks, ...,
pattern recognition, statistics)

* Big data technologie

(cloud computing, ..., hadoop, mashup, ..., stream processing)
* Vizualizacia — najvacsia vyzva

(tag cloud, cluster gram, history flow, spatial informatin flow)
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Globe Encounters

1P traffic | total

outgoing from new york
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Big data ve zdravotnictvi — zdroje dat

Four distinct big data pools exist in the US health care domain today
with little overlap in ownership and low integration
Data pools

Pharmaceutical R&D data

= QOwner: Pharmaceutical Clinical data
companies, academia * Owners: providers

= Example datasets: clinical = Example datasets: electronic
trials, high throughput medical records, medical images

screening (HTS) libraries

Integration of
data pools required for
major opportunities

Patient behavior and sentiment data

Activity (claims) and cost data = Owners: various including consumer
= Owners: payors, providers and stakeholders outside health care
= Example datasets: utilization (e.g., retail, apparel)

of care, cost estimates = Example data sets: patient behaviors

and preferences, retail purchase
history, exercise data captured
in running shoes

SOURCE: McKinsey Global Institute analysis
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Big data ve zdravotnictvi — prfidana hodnota

The estimated long-term value of identified levers is Direct reduction on national
i . . health dit

more than $300 billion, with potentially more than Uiilea:?:pea)((;rt)i: e

$200 billion savings on national health care spending health care expenditure

Value potential from use of big data
$ billion per year
Lever examples

I Predictive modeling to determine allocation of R&D
R&D 25 82 108 resources, clinical trial design, and personalized medicine
Clinical Comparative effectiveness research (CER), clinical
operations 165 165 decision support system, and dashboards for

peration J transparency into clinical data

Accounting/ 27 47 Advanced algorithms for fraud detection, performance-
pricing based drug pricing
Public health 9  Public health surveillance and response systems
New business 5 Aggregation of patient records to provide datasets and
models insights; online platforms and communities
Total gross . 226 107 333
value potential’

1 Excluding initial IT investments (~$120 billion—$200 billion) and annual operating costs (~$20 billion per annum).
SOURCE: Expert interviews; press and literature search; McKinsey Global Institute analysis

Rozvoj vzdélavaci a dalsich ¢innosti a podpora kvality na VSE v Praze, r. ¢. CZ.02.2.69/0.0/0.0/16_015/0002342



‘ >
i ién! fondy %‘
lavani

Kto je schopny tieto obrovské objemy dat
generované v realnom €ase spracovat?

Umela inteligencia



Umela inteligencia

Schopnost stroja imitovat inteligentné ludské chovanie

* Reaktivny stroj
Stroj moze reagovat len na aktudlny scenar bez schopnosti vyuzit skisenosti
z predchadzajucich rozhodnuti

2. Limitovana pamat
Stroj mo6ze vykondvat pozorovania z jeho bezprostredného okolia a spracovat ich
pri tvorbe svojho nasledného rozhodnutia

* 3. Tedria mysle
Schopnost porozumiet myslienkam a emadciam a byt schopny ich zahrnut do
svojho rozhodovacieho procesu a vytvorit adekvatnu reakciu na svet okolo

* 4. Seba-uvedomena Al
NajrozvinutejsSia forma Al. Definuje stroj, ktory ma svoje vlastné vedomie.
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Evaluator
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Deep blue (1997)

IBM Deep Blue
vs. Kasparov
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AlphaGo (2015)

The Future of Go Summit, Match One: Ke Jie & AlphaGo
P
FIE KE JIE

00:13:20

ALPHAGO
®012936

TREA e Google RTERAR

FESH BHES

= 1 Future of Go Summit in Wuzhen by
- vy

| 2 »l #p 451:31/6:18:48
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* Vtom Case
najvykonnejsi Sachovy

e 24 hodinovy ,tréning”

* Hranie samého so

sebou program

e Ziadny pristup k NGt i naprogramovany
i o 44 gl . P Lol & ~
literature ,,otvoreni®, Y\ B B A clovekom
él ”ukonéeniu Alphazero

o Analyzuje 80 000 28 vyhier 72 remiz 0 vyhier * AnaIyZUJe 70 000 000
pozicii za sekundu, ale pO“ZIC|I<I za sekundu
iba tie najslubnejsie (vSetky)
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Film ,,Ex Machina“ (2014)
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Al v zdravotnictve

Figure 3: Framework of all Artificial Intelligence Use Cases in Healthcare Categorized into Four
Key Groupings

Population : - S : . ‘ ‘
Surveillance and prediction Population risk management Intervention selection Intervention targeting
ealth ® © , © © S

Care routlng @ Self-referral @ Triage @ Personalized outreach

Individual
health Care
services

Prevention Diagnaosis Acute treatment EO||QW'HP and
chronic treatment

o Behavior change @ Data-driven diagnosis @ Clinical decision support @ Compliance monitoring

* Exercise * Symptom-based * Treatment guidance * Medication adherence
* Diet * Lab-based * Medication prescribing * Rehab compliance

* Wellness * Dietary compliance

* Education

@ Image-based diagnosis @ Monitoring: Inpatient monitoring, device monitoring

* Radiol i
. P;A;Ziyy @ Al-facilitated care: Self-care guidance, psych counseling
@ Al-facilitated care: Robotic surgery, robotic PT
Health @ Medical records @ Capacity planning and personnel management @ Claims processing
Systems @ Fraud prevention @ Quality assurance and training @ Coding and billing
Clinical trial support and recruitment Es) Drug discover Drug safety and pharmacovigilance
Pharma PP g Y g Y P 2
& Medtech @ Supply chain and planning optimization @ Process optimization @ Real world evidence and HEOR
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Population risk management

MMISTEASTVO SKOLST

Table 3. Top 10 risk factor variables for CVD algorithms listed in descending order of coefficient effect size (ACC/AHA; logistic regression),
weighting (neural networks), or selection frequency (random forest, gradient boosting machines). Algorithms were derived from training cohort of

295,267 patients.
ACC/AHA Algorithm Machine-learning Algorithms
Men Women ML: Logistic ML: Random Forest | ML: Gradient Boosting | ML: Neural Networks
Regression Machines
Age Age Ethnicity Age Age Atrial Fibrillation
Total Cholesterol HDL Cholesterol Age Gender Gender Ethnicity
HDL Cholesterol Total Cholesterol SES: Townsend Ethnicity Ethnicity Oral Corticosteroid
Deprivation Index Prescribed
Smoking Smoking Gender Smoking Smoking Age
Age x Total Cholesterol | Age x HDL Cholesterol | Smoking HDL cholesterol HDL cholesterol Severe Mental lliness
Treated Systolic Blood | Age x Total Cholesterol | Atrial Fibrillation HbA1c Triglycerides SES: Townsend

Pressure

Deprivation Index

Age x Smoking Treated Systolic Blood | Chronic Kidney Disease | Triglycerides Total Cholesterol Chronic Kidney Disease
Pressure

Age x HDL Cholesterol | Untreated Systolic Rheumatoid Arthritis SES: Townsend HbA1c BMI missing
Blood Pressure Deprivation Index

Untreated Systolic Age x Smoking Family history of BMI Systolic Blood Pressure | Smoking

Blood Pressure premature CHD

Diabetes Diabetes COPD Total Cholesterol SES: Townsend Gender

Deprivation Index

Italics: Protective Factors

https://doi.org/10.1371/journal.pone.0174944.t003
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Brainomix
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The Most Comprehensive
Stroke Imaging Solution

e-Stroke is a collection of tools that use our state-of-the-art Al
algorithms to support doctors by providing real-time interpretation
of brain scans to help guide treatment and transfer decisions for
stroke patients, allowing more patients to get the right treatment,
in the right place, at the right time.

Advancing the Value of Simple Imaging

Our proprietary software can uniquely generate critical information
from simple brain scans that can help expand patient access to life-
saving stroke treatments.

Our Al-powered advanced technology has been studied in a number
of publications, providing technical validation and demonstrating
health economic benefit, and has also been shown to improve
stroke treatment rates, both thrombectomy and thrombolysis. Click
here to learn more.
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lcoBrain

icobrain ms

icobrain ms

) icometrix

icometrix

I;] L

for applications like multiple sclerosis
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* *
* *

*

*
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icobrain portfolio

a cloud-based Al solution to quantify disease-specific brain structures on MR and CT

icobraindm

) icometrix

™/

icobrain dm

icometrix

for applications like dementia

icobrain tbi
icobrain thi Q icometrix
H EET RN | cometrix
B [ 3 — 1

VISUAL RESULT:

for applications like traumatic brain
injury
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=) icometrix

icobrain ep

for applications like epilep C)
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Da Vinci chirurgicky robot
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Roboticka chirurgia
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Robodoc

Cyberknife

Human vs. Robot Surgeons

0
No Automation

Traditional surgery:
Human surgeon
performs all tasks.

1
Some Assistance

e.g. Intraoperative
image guidance;
human still
physically performs
all
surgery.

2
Partial Automation

e.g. ROBODOC hip
arthroplasty robot:
reduced level of
human input
required but range
of procedures.

3
Conditional
Automation

e.g. Cyberknife,
automated pre-
operative planning
and radiosurgery
(but not technically

“surgery”).

4
High Automation

e.g. Robot capable
of performing most,
if not all parts of a
complex procedure.
Negligible human
input required.

Full Automation

e.g. Robot for deep
space exploration?
Fully autonomous,
versatile; no human
assistance needed.

Rozvoj vzdélavaci a dalsich &innosti a podpora kvality na VSE v Praze, r. ¢. CZ.02.2.69/0.0/0.0/16_015/0002342
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Vendor Comparison:

Fraud detection

Company Name
Year founded
Number of employees

Application description

Business problem
software solves

Venture capital raised

Prominent investors

Number of listed case studies

Number of listed prominent
enterprise clients for this product

Name of the Al lead at company

Prominent enterprise
clients include

Highest degree of Al lead.
and field of study

Year the Al lead earned
their highest degree

Rozvoj vzdélavaci a dalsich &innosti a podpora kvality na VSE v Praze, r. ¢. CZ.02.2.69/0.0/0.0/16_015/0002342

Friss
2006
130

Anomaly detection

Reducing loss ratio
and detect more
fraudulent claims

$17 MM

Aquiline Technology
Growth

Folksam

Jeroen Morrenhof

Doctorate, Business
information systems

1995 University of
Amsterdam

Hzo.cgi

H20.ai
20M
138

Anomaly detection
fraud detection

Reduce money loss
on fraudulent
claims

$73.6 MM

Nvidia GPU Ventures,
New York Life Insurance

Kaiser Permanante, HCA

Arno Candel

PhD, Computational
physics

2005 ETH Zurich

Al for Fraud Detection in Health Insurance

’FRISS

Gsas

SAS
1976
14,052

Predictive analytics
for fraud detection

Reduce fraud by
detecting it as it comes,
reduce false positives
Also waste and abuse

Existing enterprise

n/a

Highmark health, CZ

Jim Goodnight
PhD, Statistics

1972 NC State University

emer3

@‘ LexisNexis

LexisNexis
1970
Year founded

Predictive analytics

Identify key components
and people of a fraud
event, combat fraud

at different medical/
pharmaceutical levels

$30 MM

Schoolhouse Partners,
Hambrecht

2-3

None mentioned by name

Jeff Rehil
MS, Computer science

1987 The Johns
Hopkins University
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Al a Covid-19

From: Artificial intelligence for the detection of COVID-19 pneumonia on chest CT using multinational datasets

Original CT image Lung segmentation Crop to lung region (a) Full 3D model
Entire 3D lung region ' Yes/no |
—* 192 x 192 x 64 — —' COVID-19
(b) Hybrid 3D model

Multiple crops
Yes/no |
192 x 192 x 32 |— RGLEPEN — :
6 crops/lung training L __C_Q_V_I[_)__J ?__f

15 crops/lung inference

mask image to lung regions

All CT images under lung segmentation for localization to chest cavity region. Following cropping to lung region, two methods were considered for
differentiation of COVID-19 from other clinical entities. a Full 3D Model resampled the cropped lung region of CT to a fixed size (192 x 192 x 64 voxels) for
input to algorithm. b Hybrid CT resampled the cropped lung region of CT to fixed resolution (Imm x Imm x 5mm) and sampled multiple 3D regions (192 x
192 x 32) for input to algorithm. At training, 6 regions/patient were used. At inference 15 regions/patient were used and results were averaged to produce
final probability of COVID-19.
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Zhrnutie

* Big data su prezentované datasety, ktoré prekracuju schopnosti a moznosti
beznych softvérov. Su Specifikované za pomoci 4 zakladnych charakteristik:
* Volume
* Variety
* Velocity
* Veracity

* Obrovské mnozstvo dat, ktora big data predstavuju, su schopné zpracovavat
systémy umelej inteligencie. Umel3 inteligencia je schopnost stroja imitovat
inteligentné ludské spravanie.

* Big data a umela inteligencia pomahaju ve zdravotnictve k presnejsej a rychlejse;
diagnostike, i pri naslednej liecbe a starostlivosti o pacientov. V starostlivosti a
lieCbe je mozne vyuzit i napriklad aj roboticku chirurgiu.



AN EVROPSKA UNIE =
* * Evropské strukturalni a investién! fondy
i x o QOperadni program Vyzkum, vyvoj a vzdélavani SlekoLET
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