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Big Data at A Glance

* Definition of Big Data:
A collection of large and
complex data sets which are
difficult to process using
common database
management tools or
traditional data processing
applications.

* The four dimensions (V’s) of
Big Data
* Volume

* Velocity
* \ariety

* \eracity

It's estimated that

40 ZETTABYTES
| 2.5 QUINTILLION BYTES

of data will be created by
2020, an increase of 300 ¥
times from 2005

6 BILLION
D PEOPLE
have cell

The
FOURV’s
of Big
Data

From traffic patterns and music downloads to web
history and medical records, data is recorded,
stored, and analyzed to enable the technology
and services that the world relies on every day.
But what exactly is big data, and how can these
massive amounts of data be used?

of data are created each day

Most companies in the
U.S. have at least

100 TERABYTES

WORLD POPULATION: 7 BILLION As a leader in the sector, IBM data scientists
break big data into four dimensions: Volume,

Velocity, Variety and Veracity

of data stored

The New York Stock Exchange Depending on the industry and organization, big

" Modern cars have close to
captures @ o X ]UU SENSORS data encompasses information from multiple
1 TB OF TRADE ( ( (@“w that monitor items such as internal and external sources such as transactions,
INFORMATION ( \ =" fuel level and tire pressure social media, enterprise content, sensors and

mobile devices. Companies can leverage data to
adapt their products and services to better meet
customer needs, optimize operations and
infrastructure, and find new sources of revenue.

during each trading session

g Velocity

ANALYSIS OF
STREAMING DATA

By 2015

4.4 MILLION ITJOBS

will be created globally to support big data,
with 1.9 million in the United States

By 20186, it is projected
there will be

18.9 BILLION
NETWORK
CONNECTIONS

YYY YRSy Y Y
el LTI E

Sources: McKinsey Global Institute, Twitter, Cisco, Gartner, EMC, SAS, IBM, MEPTEC, QAS

As of 2011, the global size of

data in healthcare was
estimated to be

are shared on Facebook
every month

don't trust the information
they use to make decisions

in one survey were unsure of
how much of their data was
inaccurate

By 2014, it's anticipated

\/\/ 20 ML

are watched on
YouTube each month

You
[ Tube )
(&]]

Variety
DIFFERENT
FORMS OF DATA

n n o ] % 3 are sent per day by about 200
n ,, million monthly active users

Poor data quality costs the US
economy around

Veracity

UNCERTAINTY
OF DATA




Big Data Landscape
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Operational Infrastructure

Analytics Infrastructure
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Structured Databases

Data As A service

Business Intelligence
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Big Data in Healthcare is
revolutionizing the

Healthcare Paradigm
Healthcare + s

BIG DATA
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Realization of Big data in Healthcare

When it Comes to Healthcare

The Power of Healthcare Data Big Data in Healthcare: Big Data..BigDeal 90% * E HEALTH CARE & BIG DATA
The Body as a Source Tapping New Insight to Save Lives e
of Big Data Wi S

190,000

o e

BIG DATA WILL MAKE A FOSITIVE OR
NEGATIVE IMPACT ON HEALTH CARE o
IN YOUR COUNTRY?

&) N @ o e Ne N
e T =i ()
lé{OQO 4,9mﬂlion »18%

collect data on patient

150 remote monitoring

Implication * The Body as a source of Big Data -> Big data usage in healthcare is exponentially growing

* It is estimated that by 2015 average hospital will generate about 665TB of data
* Big data processing technique will be essential in Healthcare

F

1. http://www.drd4ward.com/dr4ward/2013/04/what-is-the-power-of-the-big-data-in-healthcare-infographic.html 3. http://www.govtech.com/infographics/Infographic-Big-Data-and-Your-Health.html
Source 2. http://www.flickr.com/photos/ibm_media/8591808129/ 4.  http://www.apcoforum.com/health-care-and-big-data/




Big Data Pools in Healthcare 9

Data pools

 Data Sources
Pharmaceutical R&D data

* Pharmaceutical R&D Data ; %ﬁ};’fg“;ﬁiﬁ?’ c"ng:é;m:m -
: . . prov
e Clinical Data * Example datasets: clinical * Example datasets: electronic
trials, high throughput medical records, medical images

screening (HTS) libraries

 Activity (Claims) and Cost
Data

e Patient Behavior and
Sentiment Data

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




Goals of Big Data Analytics in Healthcare

e Take advantage of the massive amounts of data and provide right intervention
to the right patient at the right time.

* Personalized care to the patient.

* Potentially benefit all the stakeholders (provider, payer, patient, and
management) of a healthcare system

| EVERAGING

FOR HEALTHCARE

Source: Jimeng Sun and Chandan Reddy, Tutorial Presented at the ACM SIGKDD 2013 Conference




Big Data Challenges in Healthcare

* Inferring knowledge from complex heterogeneous patient sources.

* Understanding unstructured clinical notes in the right context.

 Efficiently handling large volumes of healthcare data and extracting
potentially useful information.

* Analyzing healthcare big data is a computationally intensive task and
combining with standard clinical data adds additional layers of complexity.

e Capturing the patient’s behavioral data through several sensors; their
various social interactions and communications.

[ Source: Jimeng Sun and Chandan Reddy, Tutorial Presented at the ACM SIGKDD 2013 Conference




Personalized Healthcare (pHealthcare)

Big Data
in Healthcare

enables
personalized
Healthcare




Definition of pHealthcare

 What is Personalized Healthcare?
Personalized Health Care is the tailoring of health
care to the individual characteristics of the patient.
These characteristics can include environment,
social history, health history, family history, genetics,
proteomics, and more.

o v Siy., .
2% %),
€ Board Certified

o o
T
PERSONALIZED & HEALTHCARE

¥
Exceptional, Personalized HealthCare «5 Where the Focus is on YOU! ™

. UNIVERSITY OF UTAH
Source: Uﬁ HEALTH SCIENCES
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Why pHealthcare?

 Why Personalized Healthcare?
Preventive and predictive for disease, consequently Improve patient’s safety,
guality and effectiveness of healthcare

Egypt Divided / Pot's Big Moment / Best of 2012 ket

TIME PZ. Medicine

Want to Know @PREDICT ®PREVENT ® PERSONALIZE ® PARTICIPATE

My Future?

R

e What Benefits?

Through improved science, personalized healthcare has great
potential to improve quality and reduce overall costs of health
promotion and care delivery.

New genetic tests can point to risks—
but not always a cure

T B

{ Source: IBM, T-enabled personalized healthcare Improving the science of health promotion and care delivery




pHealthcare System in General

Remote real-time =
monitoring of heart,
blood pressure,
urine,

blood sugar, etr

Remote
monitoring of sub-
health group

Personalized

Management o
personal and Diet

information ([ Massive igh speed (" Massive Intelligent
o ) ) data network data decision
Profile information and diet storage ransmission analysis support
information manipulation | -
and visualization ! g Health
. Vital nvironmen Physicians’
p : signs factors Feco]e expertise
' sharing )

mCommunities

Effective

management of
hospital

operation

Remote ward
monitoring, anti-
baby theft, electronic
gauze supervision

Source: Lionel Ni, “Internet of Healthcare Things” Proceedings of the 2nd SMCEW international workshop, Korea, October, 2011

> ‘
Safety >

anagement an
sharing of medical
resources

Hospital

Monitoring an
follow-up of chronic
and infectious
diseases

Follow-up and
analysis of patients
after surgery and with
chronic diseases

Care
Center

- ha

Management of
medical equipment:
allocation, usage,
localization,
tracking
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Current pHealthcare Systems

PROPELLER ?}:‘E HEALTH
M

CureMD ‘ RS
g Intiviar NTERSYSTEMS

SMART Cloud
\-— 4

A . f . ™ EMR + PM + Portal + Hosting
\r praCtlce USlon Security + Backup + Upgrades
‘ i , d D S S ' a gﬂﬁg !IEA)IuJEMMSgaIized | ‘
[Enter your drugs, separate drugs by a comma |[Check| UPMC I(-:IIEENGING @kN I H
| MEDICINE

-
Free, web-based Electronic Health Record Maintenance + SUDPO” more Inﬂ rv DEC ru
[Check mydrugs] [Look upadrugl [Findalrealmenl] [Repoﬂasideeﬁecl] ' ‘

Word-Chaozs Sgffwam Solufions
Em power in g Individuals to eHealthMe answers 2 questions "what patients [ike me repert my drugs?" and "which treatment is better for patients like me?

Improve Health and Healthcare

7
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* Lack of an interoperable Healthcare Information Technology
(HIT) environment for care delivery and research

* Prevalence of tightly coupled applications and data
* Inadequate data and knowledge standards

* Insufficient analytics capabilities due to lack of
infrastructure support

* Absence of a clinical decision-making foundation
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Proposed pHealthcare — Mining Minds (MM) Platform ( ac 18

Proposed Solutions

Interoperable HIT environment with

data acquisition service Data conformance and uniform representation

Layered infrastructure for providing

. Data, Information, and Service Curation layers on the Cloud
loosely coupled applications

Use of healthcare standards for data and Healthcare data (e.g., CDA, FHIR) and knowledge (e.g., MLM,
knowledge creation and processing SNOMED) standards
Utilizing Personalized Big Data in healthcare Real-time data, information and knowledge management of
for analytics heterogeneous resources

Clinical decision making by maintaining high Data driven and Expert driven knowledge creation and

. . = .
[ quality service maintenance




* Prevention is better than treatment to reduce the healthcare
cost efficiently

* Bad habits in our daily life cause the chronic diseases which
are dominant factors to increase healthcare cost

* Provide monitoring and recommendation services by means
of MM Platform to promote healthy habits

e s
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* How to support pHealthcare?

* How to improve QoH?

e How to induce habituation service?

Healthcare

’, Big Data

Analytics
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Keyword of Mining Minds Platform

Mining Minds:
Read Mind &
Change Habits _—

MINDS EYE
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Keyword of Mining Minds Platform

* Big Data Analytics
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Keyword of Mining Minds Platform
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Keyword of Mining Minds Platform
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- 1: Big data
: ‘ A Volume, Variety &
- Velocity

Induce Healthy Habits

2: Mining
Personalized minds model &
knowledge management




Reference of Mining Minds Platform

Healthcare Systems
EMR, Billing, Clinical systems

Secure
Access
Management Secure Data

Connectlvnty/

0 e
AR 4

1 A

Devices pHealthcare Cloud Cloud Services

Y

Source: http://www.efficaceconsultinggroup.com/healthcare-and-preventive-health-care.html



Considering Factors in pHealthcare

Personalized Reliable

Accurate Transparent Context Aware Easy to use

Source: Little, L. and Briggs, P., “Ubiquitous Healthcare: Do we want it?” Proceedings of the 22nd British HCl Group Annual Conference on People and Computers: Culture, Creativity, Interaction-Volume 2, 2008



PERSONALIZED HEALTHCARE PLATFORM




“Collection of innovative services, tools, and techniques, working collaboratively to
investigate on human's daily-life routines data generated from heterogeneous
resources, for personalized wellbeing and healthcare support”

aerts related to remaining
Calories

7



//////

Target Services

Smart Phones Smart Watches Other. Wearable Sensors o @ ,,,,,, ﬁ uﬁ\mﬂ
< = ;T %X £ ; T x g 8
Sensor data . .. . .

Stand Sit Walk Amount of activity analysis service

BT

Diabetes, food, sleep, work, o oL dge Health management
exercise, leaving office recommendation service
customized

o c

Context, sensor & SNS data Personal Event Domain Knowledge reedback Personalized life
(Variety & Velocity) Life pattern  (ex:Flower festival) ~ maintenance management service

ok |,+ \»|-\«*|w|«»\w+ L
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Interactive
User _ Service Curation
Environment Personalized User
Healthcare Involvement
Services

Information Curation
Behavior Context
Information Information

e

e s

Supporting Layer

User
Privacy
Control




Abstract View of Ming Minds Platform - Curation

Security/Privacy [P Events/

Personal

Service Time Q‘E"ty -
Curation Layer wer/ \io_ﬁle/
SerVice //'

( Service Mining Minds
Visualization) (Feedback Cycle)

Ul/UX
Authoring
Tool

If lunch-time AND dementia
-2 reminder for lunch
If activity=running AND exercise AND

Knowledge
Base

Feedback

Security/Privacy \heartbeat>100 —take a rest
Information N
Curation Layer
QQQ\Knowledge Acquisition
Information Knowledge
Curation Knowledge 4—@— Maintenance
Base Engine

@009,

Security/Privacy Data

Data Curation Knowledge

Curation Layer (Data Base

Visualization)

Multimodal
Sensors

Real-time SNS/
Images ' WEB




Core 1

Core 2

Core 3

Core 4

oune

[ Personal Life Quality J [Silver EVElEES Services} [ Chronic Disease

Improving Service Services

} { Life care Services J

L L L

£

Information Service API

Service Curation
Layer

————
Knowledge Feedback || Recommendation
Maintenance Engine|| Analysis Manager Knowledgebase

Information Curation
Layer

Reasoner Predictioner

High Level Context-awareness
Behavior Modeling & Analysis
Context Awareness & Modeling
Low Level Context-awareness

SNS Analyzer Location Detector
Activity Recognizer Emotion Recognizer

Data Curation

BigData Processing

[ Data Representation and Mapping } L Data Curation J

Layer

Personal BigData Storage

Data Streaming and Communication ]

—
HDFS

Ul/UX
Authoring
Tool

Visualization

Security

and
Privacy

Authorized
Access

Annonymized
Data
Processing

Encrypted

Authorized
Storage

Sensor
Layer

Smart Watches

Other. Wearable Sensors

.
oo 00




Data Curation Layer

Data Curation Component

To predict the data stream on real-time

To remove the noise from the large volume of
data

To preserve the heterogeneous data of diverse
format

Data Curation Layer Data Representation and mapping

To predict and preserve heterogeneous data by providing « Conformance of diverse unstructured data

uniform representation for generation of intermediate formats to ontological format

Uniform ontological representation of data
structured data. that is acquired from heterogeneous data
sources

Provide scalable data model and dynamic
model selection based on input sources

I Data Curation Layer

Data Streaming and Communication

To support streaming data retrieval on
ontological data using improved caching
mechanism

To generate intermediate structured data

r-----

To predict future requests based on itemset
techniques

s

T



Information Curation Layer

Context Modeling - find the abstract context
from low-level activities and information

Behavior Modeling — model the user’s
behaviors in different contexts and scenarios

Low Level Context Awareness

L

Information Curation Layer

To provide human life pattern as well as daily activities and

Acquisition — collect, process sensory, social
data

Recognition — Recognize different physical
activities, location and emotional states of
user

Fusion — Fuse decisions from different
classifiers in the same category

emotional state from sensory data and social network
interaction accurately in a comprehensive way

W\\W\W
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Service Curation Layer

Reasoning- finding the best ever timely
recommendation for the requested service

Predictions— supporting the recommendations
by behavior patterns

Recommendation Manager

Personalized Recommendations— finding
contextualized recommendations

Cross-domain Recommendations— finding
unified recommendations using diverse
domains

Service Curation Layer Feedback Analysis

. . . . Feedback Collection- users satisfaction is
To provide timely and accurate cross-domain personalized collected

recommendation using high quality knowledge updated Knowledge Updation- feedback is analyzed for
knowledge updation
from users preferences

Knowledge Maintenance Engine

¢ Knowledge creation— knowledge extracted

Service Curatior) Layer

Knowledge Bases

— E— e —
Reasoner Predictor
Knowledge-base Knowledge-base

from curated information and guidelines

« Maintenance- keep the knowledge up to date
and valid

e



Supporting Layer

Supporting Layer

To provide information to the users in most intuitive
manner in a secure environment reflecting his
personal needs and preferences.

Supporting Layer

. e

To cater user personalized preferences in the
user interfaces

To utilize user experience in adaptation of Ul
with change in user preferences

Privacy & Security

¢ To achieve security over personal data
- Encryption, Hashing etc.

¢ To achieve privacy
= Partial sharing, anonymization,
limited authorization

Visualization

¢ To achieve deeper and faster insights into the
data

¢ To enhance the decision making capability




Platform Workfl
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Original Architecture Updated Architecture
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