AvoAvTtikn Asdopevmv & Minyavikn Madnon
(1° £8.)

Syllabus:
= Introduction to data analytics: principles, pipelines and pre-processing methods

= Common Machine Learning methods for classification and regression (Bayesian,
Least Squares, SVM, etc.)

= Neural networks and Deep Learning fundamentals

= Clustering techniques (from standard to advanced) 4\ MATL AB

= Applications on text/audio/video analytics
.
Lab hours (hands-on): Scikit-learn, Matlab, TensorFlow

Instructors: TensorFlow

= Prof. Aggelos Pikrakis, Prof. Yannis Theodoridis

= TA: Andreas Tritsarolis (MSc)
v.2023.10



[Tpokatapktika (1)

= Oplopocg (amd Wikipedia.org)

= Data Science is an interdisciplinary field that

uses scientific methods, processes, algorithms
and systems to extract or extrapolate knowledge
and insights from noisy, structured and
unstructured data, and apply knowledge from data
across a broad range of application domains.

Data Science is a "concept to unify statistics,
data analysis, informatics, and their related
methods" in order to "understand and analyse
actual phenomena” with data. It uses techniques
and theories drawn from many fields within the
context of mathematics, statistics, computer
science, information science, and domain
knowledge.

Machine
Learning
Math and

Science/IT Statistics
Data

Science

Software Traditional
Development Research

Computer

Domains/Business
Knowledge

T y" ewkovag: https://towardsdatascience.com



[Tpokatapktika (2)

= [otopla

= In 1997, C.F Jeff Wu gave an inaugural lecture on “Statistics = Data Science?” at the
Univ. Michigan. In this lecture, the term ‘data science’ was coined and it was advocated
that statistics should be renamed data science and statisticians should be renamed data
scientist.

= In 2008, the term Data Scientist was coined by D] Patil and Jeff
Hammerbacher to define their jobs at LinkedIn and Facebook, resp.

= In 2012, a Harvard Business Review article declared that ...

THE MAGAZINE

October 2012

ARTICLE PREVIEW To read the full article, sign-in or register. HBR subscribers, click here to register
for FREE access »

Data Scientist: The Sexiest Job of the 21st Century



[Tpokatapktika (3)

Yo,
* Timpémel va yvwpilel €vag Data e
Scientist

* MAwooeg mpoypappatiopd (Python, R, ...)

" YTATIOTIKY (TIEPLYPAPIKT] OTATIOTIKY,
Dewpla mOavotnTWY, ...) & avaivon

dedouévwv (detypatoAnyia, PCA, ...)

= Yxebilaomn & Swaxeiplon (peyaAwv) Baoewv
dedouévwv (SQL, OLAP, ...)

= Omtikomomon AeSopévwy,

= Mnyavikn Mabnon (regression,
clustering, ...)

KATL.

TN Y1 £LKOVAG:

Numerical Var

Machine

Data Discovery

Leafn\ng

_ Data ggplot2
Visualization

Uni, bi & Multivirate Viz
-

https://www.simplilearn.com/the-numbers-game-deciphered-guide-pdf



H emoy1 twv Big Data

Every minute of the day (2022) ...

Google users conduct 5.9M searches
Facebook users share 1.7M pieces of content
Twitter users share 347.2K tweets
Instagram users share 66K photos

Amazon shoppers spend $443K

etc.

YN £IKOVAG:
https://www.domo.com/data-never-sleeps
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T dedopéva avaivovpe ouvnBwe ...

KDnuggets Poll: Data Types Analyzed, 2017

0% 20% 40% 60% 80%

Table data (fixed n. columns)
Text

Time series

JSON

Anonymized data
Location/geo

Itemsets / transactions
Web content

Twitter

Social network

Images /video

XML
Other
Email Ty1 €lkOVac:
Web clickstream/web log kdnuggets.com

Music/ audio




Me mo l’€§ Top Data Science, Machine Learning
TEYVLIKEC ... Methods used in 2018/19 - KDnuggetsPoll  ,eonordonts

0% 20% 40% 60%

1 1 1 ]

Regression

Decision Trees/ Rules

Clustering

Visualization

Random Forests

Statistics - Descriptive

K-Nearest Neighbours

Time Series

Ensemble Methods

Text Mining

PCA

Boosting

NeuralNetworks - Deep Learning

Gradient Boosted Machines

Anomaly / Deviation Detection
NeuralNetworks - Convolutional..

SupportVector Machine (SVM)

YN €lkévag: kdnuggets.com



Me Tto10 AOYLOULKO ...

Top Analytics, Data Science, Machine Learning
Software 2017-2019, KDnuggets Poll

0% 10% 20% 30% 40% 50% 60% 70%

Python |
RapidMiner
RLanguage
Excel
Anaconda
SQLLanguage

W 2019 %share
W 2018 %share

M 2017 %share
Tensorflow

Keras
scikit-learn
Tableau
Apache Spark

YN €lkévag: kdnuggets.com



Me ol Stadkaola ...

datascience-pm.com Poll Results

Which process do you most commonly use for data
science projects?

CRISP-DM I 49%
Scrum I 18%
Kanban I 12%
My Own I 12%
TDSP M 4%
Other M 3%
None W 2%
SEMMA 1 1%

0% 10% 20% 30% 40% K5O% ©60%

CRISP-DM

. Business understanding - What does the business need?

Data understanding - What data do we have [ need? Is it clean?
Data preparation - How do we organize the data for modeling?
Modeling - What modeling techniques should we apply?
Evaluation - Which model best meets the business objectives?
Deployment — How do stakeholders access the results?

I N N

Data
Understanding

N

Data Preparation

Modeling

Business
Understanding

M

Deployment

{1l

Y1 elkovagc: datascience-pm.com



[IpoeTolpaoio Twv
dedopevwy yYiax aovaivon (1)

Bijna 1: amoOnkevOoN 6€ KATIOLO AMOONKEVTIKO

XWPOo

= “amoBnkn” 6edouévwy (data warehouse) vs.
“Alpvn” dedopévwy (data lake)

" SLa@opES (VTIEP KoL KATA) w¢ TPOG:
1. dedouéva

oXNHQ

KO0TOG /amodoon

moloTNTH SeSopévwv

XPNOTES

AVAAUTIKEG pEBodoL

A

10

Data warehouse vs data lake

Characteristics Data Warehouse Data Lake
Non-relational and relational
% Relational from transactional from 10T devices, web sites,
Data systems, operational databases, mobile apps, social media, and
and line of business applications corporate applications
g Designed prior to the DW Written at the time of analysis
implementation (schema-on-read)
Schema (schema-on-write)
-
ZR Fastest query results Query results getting faster
Price/Performance using higher cost storage using low-cost storage
Highly curatte;d datatthlat Any data that may or may
serves as the centra :
. not be curated (ie. raw data
Data Quality version of the truth ( )
& Data scientists, Data
Business analysts developers, and Business
Users analysts (using curated data)
,O—ml Batch reporting, Bl and Machirle Learnin'g, Predictive
i visualizations analytics, data discovery and
Analytics profiling
datascfiencedojo
- data science for everyone =
A 4
TN Y1) ELKOVAG:

https://datasciencedojo.com/blog/
data-lake-vs-data-warehouse/



[IpoeTolpaoio Twv
6860 uéV(DV ‘Yla (x\}d}\ugn (2) Data preprocessing

The foundation of data science solution

(2) T'vwppia pe Ta edopéva kat mpo- =
enedepyaoia Remove

Duplicates

o

Handle
outliers

(3]

= AmaAoiwpr) SIMAGTUTIWY

= AopBwon ocpaApdtwy (Y. avopBoypapieg) Fix structural ()

errors

= Evtomiopog akpailwyv Tipwv (m.y. péow box-plot)
Type
Conversion

= Metatpomt TUTWV (Tr.X. ApLOUNTIKA VS. o~
KATNYoplka SeSopeva) Scaling O,

@ Dealing with
= Xelplopog eAMTwyV TIpwV (amoppum; | missmaeiies

’ Data -
TPOTIOTIOINON;) Encoding q —
=Q

= AAayn KAlpakog Tipwv (m.y. otnv kAtpaka 0..1)

* Kwdikomoinon tipwv (m.x. Yes/No) .
dat‘ascﬁngcrgdojo

(c) Copyrights Reserved https://datasciencedojo.com

T YN £LKOVAG:
https://datasciencedojo.com/blog/

1 data-preprocessing-data-science-solution/



[IpoeTolpacio Twv dedopuevwy yia avaivon (3)

I'vopluila pe ta dedopeva:
* AmotUmwon o€ Tivakeg (ov epapuoletol)

= AmaAouwpn dSimAdTuTtwy eyypagwv (duplicate
records)

= Evtomiopog eAmwyv Tipwv (missing values),
Oopufov (outliers). [Mwg;

" TLY. UE LA TIPWTT) OTATIOTIKY AVAALOT)

= Metatpomn, T.X. binning

12

Data can be numeric or cateqgorical

¥ ¥
User| Income IncomeGrp

1 | $65500 [61k,80k]
2 | $81,041 | [81k,100k]
3 | $38346 [21k,40K]
4 $47,072 [41,60k]
5 | $30812 [21k,40k]
6 | $21618 [21k,40k]
7 $97,872 [81k,100k]

Humidity Windy

70% false

68% true

80% false

? false

50% false

45% true

58% ?

65% false

40% false

0% false

? true

=

If there are 4 categories/ranges, we
have 3 binary variables.

User | inc_41_ 60 | inc_61_80 |inc_81_100

1 0 1 0

2 0 0 1

3 0 0 0

4 1 0 0

5 0 0 0

6 0 0 0

7 0 0 1
70
60 —
50 .

o¥a
40 |
30 _ 2
-
20 « *
b L J
10 - »*
[ ]

0D 4 e

T T T T T

0 2 4 8 0 1z 14




[Ipoetopacio twv dedopevmwy yia avaivon (4)

I'vopluila pe ta dedopeva:

= Ml TP@WTI OTATLOTIKY] AVAAVGT)

positively skewed

Mode Mean
1

A

1
Median

Lower
Extreme

Lower
Quartile

Upper

Quartile Upper

Median Extreme

symmetric

Mean
Median
Mode

13

negatively skewed

Mean Mode
1 1 1




[Tpoetolpacio Twv 6edopuevwy yia avaivon (5)

I'vopluia pe ta edopeva:

= Evtomopnog Tuxov 0opufov
(outliers) = mwg petpdue
(av)opoloTnTa 1§ «ATOCTACT)»

14

Euclidean Cosine Hamming
® o —
O Al1lo]l1]1]0|0
! !
5 Bl1]1]1|o]o|0
©
Manhattan Minkowski Chebyshev
"—l ©
@

Jaccard

Sgrensen-Dice

Intersection




[Tpoetolpacio Twv 6edopevwy yia avaivon (6)

r - . . Attribute Dissimilarit Similarit
= Opotdtnta (similarity) Type Y Y
= AvaAdywg Tov TUTIOV TV Nominal q=1 0 Tr=y g=4 L itw=y
, 1 ife#y 0 ifx#y
dedouevwv... d=]z—y/(n—1)
, ] Ordinal (values mapped to integers 0 ton—1, | s =1—d
- A“OGT(XG“ (dlStance) where n is the number of values)
, , Interval or Ratio | d = |z — s=—d, s=mg.s=¢
= Edwr) mepimtwon: =4l o {_ _dmiing

HETPLKN (metric), TT.X. mard—mind

EvkAeidela amootaon
OPIXMOZ. Eotw X omoiodrjrote pun-kevé oovolo. Ovoualovue petpikn orto X ke

ouvvaptnon d opiopévn oto kapteoiavo yivopevo X X X kot e TporypoTikéS TIHES
d: X xX =R

UE TIG TAPAKAT® LOLOTNTEG:

(1) d(z,y) > 0 yrx kabe z,y € X.

(1) Na k&Be x,y € X 1oyxber: d(z,y) = 0 av kaw pévo av x = y.
(133) d(z,y) = d(y,z) yre k@be z,y € X.

(i) d(z,y) < d(z,z) + d(z,y) yia kdbe x,y,z € X.

T yN: http://fourier.math.uoc.gr/~papadim/analysis_2/5-5-14.pdf
15



Mnyxavikn padnon Baociwopévn o€ NNs (1)

= NEVPpWVIKA AIKTUX GE TIPOLANUATA XVAAV GG
dedousvmwv

= Autoencoders yla 11 peiwon Staotdoewv

= Embeddings yia tqv avamapdotaon dedoueEvwy

= MovodldoTtates Kol SLIoSLACTATEG CUVEALIKTIKEG
apyltektovikeg (1D, 2D convolutional architectures)

= Mnyaviopol mpoooyn¢ (attention mechanisms) — =] = .

* MTapadetypata Tagvounong, avamoupaoTaon S Kol

LETACYNUATIOPWV SeSoUEVWV h,[f h,*<1h,= =<ih,
X, X X X,

T YN €lkovag: Original Attention
Mechanism (D. Bahdanau, 2014)

16



Mnyxavikn padnon Baociwopévn o€ NNs (2)

1-D Convolution

= AvaAvtikn Xpovooelpwyv (time-

series analytics) j [\ ) = H H--H RN
= Avadpouikeg (recurrent) kot } ‘ nnr HH H
ouVeEAKTIKES (convolutional) E T— W —>H F---F 00 H
QPYLTEKTOVIKEG Kal cuvSvaouol ws mE R 010 O
TOUG EMWWM\M %EE ...... Eg’gff ........ E:>§
] ]

3

£

= Sequence-to-Sequence pHOVTEAQ

Flatten

= Alktva Transformers

4

F, F E

N | Flanan E E F B E,

l:I Fl F\v

Sensor #4
1T
111
1111

* Mapadetypata forecasting,
classification, anomaly detection

Sensor #n

Ty" eikovac: Multi-Head CNN-RNN for Multi-Time Series
Anomaly Detection (M. Canizo et al., 2019)

17



H omttikomoinon w¢ avaivtikn uebodog (1)

Information visualization: ameikovion TAnpo@opiag mov Sev €xel EekABapM AVATAPACTAON OE
2D/3D xwpo
" «OLYPAPLIKEG TIOAPACTACELG LETAPEPOVV TO VO KAAVTEPA ATTO O, TL KAvouv Ta Sedopévay (William
Playfair, 1759-1823)

Tnterest of the NATIONAL DEBT fiom the Revolution.
ports and Tmports of § COTLAN d from different part o firom Chriftmas 1761 p—
— — - o e e
w0 d0_ b0 60 70 90 160 30 Yo 1o b0 w0 a0 6o 300,000 ¥ L-———- — —_— T —l— T 9
SESEII SSRGS B ¥
i
Vs o Pl RS } RS 7
+ e 26
= ] dersey Ke. ——— 15
| Ireland - "
| Bland I s
| | | s el
| Orenlend + el ihy o0 n
ot
Yol Pufira ;
| | Betgal . . B e el 9
e e
gaess S e :
S and l S N - 6
Germans B 8
% 5k enmark and s
ey Narway. ‘ . o 4
| | Handers g §
—— —— & o8 Py
bl 1| mesm 2
| Amerioa N sy ,
b B Forninat = .
1S | Ao | Turkith Empire
¢ hreland. i -
S e &
de cach. TheLlack L. e Exports the Kebbedlines Import: The Bottom line is Years, those on the Right hand Millions of Founds.

TN €kovag: https://commons.wikimedia.org/wiki/William_Playfair
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H omttikomoinon w¢ avaivtikn uebodog (2)

Interactive visualization: o yprjotG twv epyaieiwyv visual analytics - VA (data scientist? domain
expert?) £xeL Tov TPWTO POAO

Tyn €wkovag: http://idl.cs.washington.edu/papers/d3



H omttikomoinon wg
avoALTIKY) pEBodoc (3)

Data storytelling: Tw¢g «emiKovwvVoOUUE» TO
QTIOTEAEC LA TTG AVAAVGONG OTO KOLVO.
ZUVOVAOUOG:

= S ynong pag otopiag (storytelling)
= avagopwyv dsdopevwy (data reporting)
= omtiKomoinong dedopévwy (data visualization)

" avOpwmokevTplkng oxediaons (human-centered
design)

20

What is data storytelling?

Visual Design 1 - Contest for communication
« Design principles » Understanding audience
* Design elements « Clear purpose/goal
* Imagery » Feedback loops

Human- St li

centered orytelling

design

data
storytelling? p
___________________ 4
Data Data
visualization reporting
Data 2 Narrative

 Quality data source ¢ Language & messaging
« Statistical analysis * Beginning, middle & end
* Accurate representation  Call to action

data dojo

- data science for ev

T yn €wkovag: https://datasciencedojo.com/blog/data-storytelling-
in-action/



All-in-one: “Datathon”

A datathon is an event where participants gather to solve practical problems through the application of data
science tools and techniques, by working together in teams to generate insights and potential solutions
(mmyn: https://www.datacamp.com/blog/how-to-plan-a-successful-datathon)

EUDATATHON’22 - :
‘ Challenge 1
A European Green Deal

Award
Ceremony

’ DATATHON

Montevideo
FESTIVA& URUGUAY
Datam(]ﬂ 3-6 November 2023

“Tell me and I will forget;
show me and I may remember;
involve me and I will understand”
— Confucius

21



[MTapaderypa: 2022 Datathon @ Data Science Lab

www.datastories.org

Challenge: Energy consumption forecasting

As a team of data scientists in a power plant operator, your goal is
to analyze the information received by the smart energy meters of
households in a region ...

¢ Electricity demand (MW)

z:
R
- =t
z H
£ £
Ly
=
K3
= €
Eu
£:

Data Science pipeline (3 steps):

Forecasting results of a day in summer

= Data collection and preprocessing -- Collect and pre-process
(cleanse, transform, etc.) the required data as well as other datasets you
consider relevant (weather? demographic? news posts?) ...

—o— Actual demand
BPNN

——— ARIMA

~—— Proposed method

= Data analytics -- through short- and long-term forecasting (using ML AT = R e
techniques), evaluate whether the energy consumption will increase or kE

not; short-term means within next 3 hours; long-term means within next
3 days; ...

Electricity demand

MAPE
© Error (MW)

= Data storytelling -- Present / visualize the findings of ML tasks in a
form appropriate for a non-technical audience ...

T yn €wkovag: https://doi.org/10.1007/
978-3-030-39431-8_18
22



KaAo e€aunvo!

Data scientist (n.): Person who is better
at statistics than any software
engineer and better at software
engineering than any statistician.

Josh Wills, Director of Data Engineering at Slack
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