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Largescale Data is Everywhere!

I Enormous data growth in
both commercial and
scientific databases
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I New mantra

I Gather whatever data you can
whenever and wherever possible

| EXpectations Traffic Patterns Social Networking: Twitter

| Gathered data will have value |
either for the purpose collected f?f‘;;/»:
or for a purpose not envisioned. ‘1) 7
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Sensor Networks Computational Simulations
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Why Data Mining? Commercial Viewpoint

| Lots of data is being collected
and warehoused

I 'Web data
I Yahoo had’etaBytes of web data GOUS[Q

I Facebook has billions of active users

I purchases at department/
grocery stores, ecommerce amazon.com

I Amazon handles millions of visits/day
I Bank/Credit Card transactions

I Computers have become cheaper and more powerful

I Competitive Pressure is Strong

I Provide better, customized services for an edge (e.g. in Customer
Relationship Management)
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Why Data Mining? Scientific Viewpoint

I Data collected and stored at
enormous speeds

" remote sensors on a satellite

I NASA EOSDIS archives over
petabytes of earth science data / year

telescopes scanning the skies
I Sky survey data

Highthroughput biological data

scientific simulations

I terabytes of data generated in a few «m.
hours ~

I Data mining helps scientists N V.
" In automated analysis of massive .

datasets 12)1" 40 .4+4 (2 fV*I°/6' <
In hypothesis formation )1':4%;4+84)'(2)4%*1%6")(
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Big data for healthcare: traditional data sourt
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Big data for healthcare: new data sources

@]
&S
E‘ I'ﬁe\
o %%,
NI 23@(SH+"HESTSI@+
o, A= [+01-((51-+ 1).140, 1+2/#
e L 8-"1&B-"&+ ~968"+8-"83
. Co™$&@+:+("-0 >'H$"*+0%&-1"#&$ %6
ve
251#3"($%D+
E**-1D$-(
F"&$96D+3"BS&( I+, 354/

C5-1$-(+'%+3-"*&3+#'%/$&S$ %0(

UNIVERSITA DI P1sA




S\ 17/
e

-

Y ’ v ! . & E \ -

o . . | | »_/'/ Duration of Travel Bl 6\\\‘*[7}/\

S - 520 DIASPORA







Great Opportunities to Solve Socie®y
Major Problems

CCCma/A2a January to January Mean Temperature (degrees C) 2080s relative to 1961-90
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What we needto extract knowledge?

It is the use okefficient techniques for the analysis
of very large collections of data and the
extraction of useful and possibly unexpected
patterns in datal{idden knowledge

DATA MINING!!!
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Data Mining: Confluence of Multiple Disciplines
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The KDD Process (g
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What is Data Mining?

Input Data Data
Data Preprocessing ' Mining

AN DN

Feature Selection
Dimensionality Reduction
Normalization

Data Subsetting

=P Postprocessing === Information

Filtering Patterns
Visualization
Pattern Interpretation
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Primary & Secondary Data

Primary Data

I Original data that hasbeencollectedfor a specificourpose
I Primarydatais not altered by humans

Secondary Data

| Data that has been already collected andde available
for other purposes
| Secondaryatamaybe obtainedfrom many sources

Data Preparation

Cleaning

Selection

—~ = === .

Integration

Transformation




Varierty of
Data Source

INTELLIGENCE
BY VARIETY

WHERE TO FIND & ACCESS BIG DATA




The KDD Process
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Data Integration andPreparation

"#"$0",'1-2/" Data Integration involves the process of

data understanding, data cleaning, merging
45068 () (* data coming from multiple sources and

transfoming them to load them into a

Aﬂ#‘*,"#)-( Data Warehouse
H g

Data Warehouse is a database targeted
to answer specific business questions

Developinga dataanalyticgroject requiresthe
BUSINESS UNDERSTANDING
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The KDD Process
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Data SelectiomandTransformation
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The KDD Process
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Data Mining Tasks

' Prediction Methods

" F%&'%5*&" " +"$18%6'H5'0/&=+#92<25G2'5/>9#9/&";"19&
5#.&/" " +"$1&%B

I Description Methods
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Data Mining Tasks

' Prediction Methods
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Income range of applicant?

IMakes credit
card payments?
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l Find a model for class attribute as a function of the

values of other attributes Y (&) B+ - Bt (B &

["(,0*-$11
I"#$$ 1"#$%8&(
N 3)&'/45)/0) ,
s Thcor o *+'$)%, ) i 64'(10)
TSR ) 01962 ) ﬁ?féo)) 794088
9) 5 ) A4/(-10" ) <) 5 )
= '5 ) >178)@.8%%): = A% |(*+,-.%/
B A% C2('424/( ) 9) A% 728.9:24+:%%S$;
D 5 ) >178)@.8%%! 9E) 5 ) 1o ’
F) F) F) F) F)

)*"0'12%3
&',14




Classification Example
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Examples of Predictive Task
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Example oPredictivelask

Other PATIENT RECORDS

. physiological
sensors, i.e.,

ECG, BP, CGM sensor
activity, etc.

I, Ry G N e
i 6\ Al: '

| : | e Diabetes

. WBAN Insulln pump Data Bra Dete.ctl.onl

5 Collection processing Prediction/

i Classification

' BP meter i & Glucometer

\ -
i B -
Weight scale = Medication Food
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Example oPredictivelask

PREDICTING ADULT OBESITY
FROM CHILDHOOD OBESITY

Obese children and adolescents
were around five times more

likely to be obese in adulthood
than those who were not obese.
Around 55% of obese children

go on to be obese in adolescence.




Clustering

I Finding groups of objects such that the objects in a group
will be similar (or related) to one another and different
from (or unrelated to) the objects in other groups
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Example of Clustering Analysis

Hyperglycaemia Biomarkers Clusters Management
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Association Rule Discovery: Definition

l Given a set of records each of which contain some
number of items from a given collection
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Association Analysis: Applications

| Market -basket analysis

I K91&%"/&'9%&=">5/'%"1&%'0/5*5#+52A'%.&1>*"2"4&*&:
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I Telecommunication alarm diagnosis
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| Medical Informatics
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Deviation/Anomaly/Change Detection

Detect significant deviations fro

normal behavior /mm_

" Applications: -
! 1#' ,%$1'I$A"'|$B#%#*%’&) (a) Second-degree (partial) block
: TR
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Motivating Challenges

Traditional technigues may be unsuitable due to some
challenges:
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