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Mega Trend: Smart, Social and Online

‘\ ‘\ M|
There are over 1,5 billion iOS and Android units in use around the globe today

Mobile and smart units are currently growing in numbers...
» 10 times faster than personal computers in the 80s

« twice as fast as the amount of Internet users in the 90s
« 3 times faster than the social networks in the 2000s

... and is thus the fastest technology to be adapted in human history.

Source: Flurry Research
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Fitbit Fuelband Google Glass
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=7 Connected Devices
i

~ 4 perPerson

By 2020 each person will
own an average of
7 connected devices'.
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DataBreach ..~
Medical data >,

disclosure is the
second most breached
source of data?.

_..-Connected-._,
-*"" Shares data through ~~“*~__
Internet and the cloud N
Secured
Protects data against
malware, theft and tampering

30%

o Annual
: Growth Rate
% Projected increase -
2 3 6 M b in connected 3
. g machine-to-machine
Connected .," devices over the next
Cars 5 years®.
INDUSTRIAL
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zolm X 2356 million cars will have Internet
access by 2016, rising from 8.7
million in 20105, >
(intel)'
Intelligent
Systems
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BIG DATA LEADER 2013
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Big Data Explosion

Digitalization creates massive amounts of data (artner 2010)

In 2016 worldwide: 4.1 Zettabytes (Sextillion: 21 zeros)

2000 Years
Iwo Days
N
deniviinutes Py
60\5‘06.
Source: C. Humbly ’—1 million terabytes = 1 exabyte

AN
T 1000 terabytes = 1 petabyte

4.100.000.000.000.000.000.000 Bytes

1000 gigabytes = 1 terabyte
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Are we able to handle this amount of data? YES!

Example:

1 billion documents with 4 KB text each
(~ 1 standard page of text) = 4 TB memory

Read 4 TB of data from the hard drive:
~ 1% Day

Read 4 TB from RAM:
~ 15 minutes

Costs for 4 TB RAM

« 2002: $600,000
« 2007: $100,000
- 2012: $ 20,000
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BUT: Only a small amount of the available information is easily
and immediately accessible!

Only 20% of relevant information is structured, e.g.
in databases or Excel spreadsheets, and is readily
available

80% of critical information is unstructured or
only minimally structured, e.g. documents, emails,
Power Point slides, PDFs, and often difficult to access
and not readily available
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Challenge: Insights into Unstructured Data




McKinsey&Company

McKinsey Global Institute

Big data: The next frontier
forinnovation, competition,
and productivity
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Data pools

Pharmaceutical R&D data
= Owner: Pharmaceutical
companies, academia

INFORMATION MANAGEMENT

Clinical data
= Owners: providers

= Example datasets: clinical = Example datasets: electronic

trials, high throughput
screening (HTS) libraries

Activity (claims) and cost data

= Owners: payors, providers

* Example datasets: utilization
of care, cost estimates

SOURCE: McKinsey Global Institute analysis

medical records, medical images

Integration of
data pools required for
major opportunities

Patient behavior and sentiment data

= Owners: various including consumer
and stakeholders outside health care
(e.q., retail, apparel)

= Example data sets: patient behaviors
and preferences, retail purchase
history, exercise data captured
in running shoes
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The estimated long-term value of identified levers is
more than $300 billion, with potentially more than
$200 billion savings on national health care spending

Value potential from use of big data
$ billion per year

R&D

25 82

108

Clinical
operations

165

Accounting/
pricing

Public health

New business
models

Total gross
value potential’

226

165
27 47
|
9
5
107 333
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Direct reduction on national
health care expenditure

Unclear impact on national
health care expenditure

Lever examples

Predictive modeling to determine allocation of R&D
resources, clinical trial design, and personalized medicine

Comparative effectiveness research (CER), clinical
decision support system, and dashboards for
transparency into clinical data

Advanced algorithms for fraud detection, performance-
based drug pricing

Public health surveillance and response systems

Aggregation of patient records to provide datasets and
insights; online platforms and communities
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and a dull headache and was admitted to the
hospital. He reported no night sweats, weight loss,
rhinorrhea, neck rigidity, neck pain, vision changes,
weakness, or numbness and no respiratory
gastrointestinal, or genitourinary symptoms

On examination, the blood pressure was 106/58 mm
Hg, and the pulse 104 beats per minute; the
respirations were 20 breaths per minute, with an
oxygen saturation of 98% while the patient was
breathing ambient air. There was a superficial ulcer
on the right side of the lower lip, and the spleen tip
was palpable approximately 3 cm below the costal
margin; the remainder of the examination was
unchanged. Blood levels of lactic acid, C3, C4,
haptoglobin, creatine kinase, and thyrotropin were
normal; testing for rheumatoid factor and antinuclear
antibodies was negative. Other test results are
shown in Table 1. Urinalysis revealed yellow, clear
fluid, with 1+ occult blood, trace albumin, and few
squamous cells per high-power field, and was
otherwise normal. Fluids were administered
intravenously, and another blood sample was
obtained for culture. The maximal daily temperature
was 40.7°C on the first day. On the second day, the
temperature rose to 40.8°C
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Figure 2. CT Scans of the Neck and Chest.
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To process Medical Data a Broad Scope of Technologies is needed

Case-Based Natural
Reasoning Language

Biological Medical
Values Ontologies

Rule
Engines

Machine e
Learning

i ‘\
= Video and N

Audio

Image
Recognition

Linked
Open Data
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Linguistics and Natural Language Processing

Natural
Language
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Linguistic and semantic technologies help better grasp the
“meaning” of information

C.iuttir_igjedge, patented_ Deep morphosyntactical analysis, out-of-the-box entities
linguistics and semantics

Subject Prepositional Object

Stemmin ‘
- Roche does not invest in manufacturing

Compound words T
Deep morphosyntactical analysis I I

Sentiment analysis Negation Verb

Person aliasing: replacing pronouns with
the correct name

Application-specific fact (example)::
Entities Meeting := <Participants, CITY, DATE>

- >20 out-of-the-box

- ontologies Dr. Jamil El-lImad met with Dr. Hilal A.
Lashuel and Stefan Wess at the opening ceremoni of
the Brain Forum 2013 in

32 languages '

Configurable, adjustable and DATE PARTICIPANT
expandable via SALSA and ontologies (PERSON - Subject or Object)

Facts
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Case-Based Reasoning

Case-
Based @
Reasoning
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Case Based Reasoning (CBR) - Idea:
A new problem arises...
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Case Based Reasoning (CBR) - Idea:
... has there been a similar problem before?...

Page 19



EMPOLIS

INFORMATION MANAGEMENT

Case Based Reasoning (CBR) - Idea:
... Solution found, Experience growing!
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Case Based Reasoning:
Solving new problems by re-using known cases

CBR traces its roots to the work

of Roger Schank and his students
Case at Yale University in the early 1980s.
Base(_‘ Schank's model of dynamic memory
Reay was the basis for the earliest CBR

system: Janet Kolodner's CYRUS
in 1985.




Both Paradigms Are Seamlessly Integrated
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Medical Report

Date: 26.11.2013
Patient: Name
Diagnosis: Saletrio

Report

Lorem ipsum dolor sit amet,
consetetur sadipscing elitr, sed diam
nonumy eirmod temror invidunt ut
labore et dolore magna aliquyam
erat, sed diam voluptua. At vero eos

et accusam et justo duo dolores ¢
ea rebum.

Ontological
Metadata

- (69213

/_ |

= Associative Search

Compare
To
Millions
of
Records
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e Bundesministerium

SIEMENS rmesmis OIFEE
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Medico implements a semantic analysis workflow of medical images

German Research
Center for Artificial =
Inteligence GmbH Semantic Search

Medical Image +
Semi-structured

Metadata @ Automatic
Image Annotation

/ ::> 3
b A7 f
il
N
Ontology-driven
Metadata Extraction W
THESEUS

mmemco

Input Data Semantic Annotation Storage Retrieval
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i Center for Artificial

’ W 7" German Research
% Intelligence GmbH

/ x “Annotate with Large Cell

Lymphoma“

SPARQL
Queries

Peter Meier
Large-Cell-ymphoma

Bindings

Annotate Image &,

OoDP Ontology-based Dialog Platform
AcML Action Markup Language
SPEECH SERVER PreML Presentation Markup Language
RTP Real-Time Transport Protocol
H MRCP Media Resource Control Protocol
O I SIP Session Initiation Protocol
- TS Text To Speech

ASR Automatic Speech Recognition
REST Representational State Transfer

Research in

A /

Germany

German High Tech Award, 2011 p*efsores

Land of Ideas
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Trend : Monitor own health condition 24/7

The ongoing consumerization of health-
care will allow an ongoing monitoring of the
personal health condition. The “quantified
self” movement will become main stream.

Self monitoring will change negative
health related behaviors. Technology
will allow to predict health related
problems very early. The collected
health data will help to speed up
medical research.



Trend : Get the best, personalized treatment
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=

All medical literature and research is
available online. Digitization of medical
records and ongoing self monitoring will
create a unique and large experience
base of health related issues and
treatments.

Smart technologies will allow to search
and compare all existing medical cases
worldwide helping doctors finding best
treatments in real time.




