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Zasto Data Science?

Treci talas (Third wave), Alfin Toffler, (1zdanje: 1983, Jugoslavija, Beograd, Biblioteka ZENIT /
originalno izdanje 1980. ).

Poslovna inteligencija / Business Intelligence
Kvantitativni poslovni modeli / Kvanti? (Quantitative analysts)
Znanjem vodene fabrike / Data Driven Factory

Industrijska ekonomija / Ekonomija znanja (Divide@a znanja) / Kvantna Ekonomija
(I1zvor: R. Tissen, D. Andriesen. F. L. Deprez, The Knowle b vidend, Pearson Education Limited, 1999)

Vestacka inteligencija (Artificial intilligence) EL, S., NORVIG, P., Artificial Intelligence: A modern
Approach, 3rd edition, New York, Pearson Education, ZQQ

Socijalne mreze / Soft Power / Izbor@herika), rat u Iraku, Africko prolece?, ...!Il
Big brother / DZordz Orvel I.. O

Razvoj senzorske i merne tehQRE / Datifikacija

Nove tehnologije: / GPS, Spatial data, Visualization...

MB — GB —» TB — PB... (Kako od Sume videti drvece?)
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DATA SCIENCE - NAUKA O PODACIMA

* Ne postoji univerzalno prihvacena definicija
pojma ,Data Science”.

« Sustinski, nauka o podacima predstavlja
koriS¢enje mnostva automatizovanih
\5%etoda za analizu velikih koliCina podataka
| izdvajanje znanja iz njih.

* Moglo bi se generalno reci da je nauka o
podacima interdisciplinarna nauka koja
predstavlja evolutivni iskorak u odnosu na
tradicionalnu analitiku 1 poslovnu
Inteligenciju
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Motivacija

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU

Svet podataka / nova paradigma?

Master of the universe?

Resavanje nesvakidasnjih problema
okarakterisanih pojmom Big Data

Puzzle Solving
-vData Science / Data Scientist

L \> Razvijanje sposobnosti kreativnog |

kritiCkog razmisljanja | resavanja
problema (critical thinking / creative
problem solving)

« Radoznalost, skepticizam, intuicija
(EDA), Bell Labs , John Tukey

« Umece postavljanja pravih pitanja
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Terminologija domena

TO "¥3A
VER. 01

* Big Data
« Data Science Hype
« Datafication (opodatkovljenje?)
\SWodelirénje
3V + Fitovanje
« StatistiCko zakljucCivanje
« State of the Art
QX‘ « Populacija i uzorak (N=ALL?, n=1?)
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Odgovornosti Data Scientista

Data Scientists are not value-neutral:
* lzbor pretpostavki

 |zbor metrike
\ﬁvKreiranje modela i algoritama

~ + Implementacija modela u realnom
okruzenju

e LLL!
 Dodatna literatura!

e
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Vrednost podataka “Dragoceni” “Jeftini”
Obim podataka Skroman Ogroman
Primeri Bankovni podaci, Podaci o zaposlenima, Online klikovi, GPS logovi,
Podaci o popisu, Medicinski kartoni... Tweetovi,OcCitavanja senzora en
masse...
Prioriteti Konzistentnost, Oporavak od gresaka, Brzina, Dostupnost, Bogatstvo
Proverljivost. upita.
Struktuiranost Jaka (Sema) Slaba ili nikakva (Tekst)
Svojstva Transakcije, ACID* (ACID.= Atomicity, CAP* teorema (2/3), Eventualna
Consistency, Isolation:arid Durability) konzistentnost (CAP = Consistency,
Availability, Partition Tolerance)
Realizacija u: SQL SQL i NoSQL: Apache River,
MongoDB, CouchDB, Hbase,
Cassandra,...
Upiti: ISPITIVANJE PROSLOSTI ISPITIVANJE BUDUCNOSTI
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DATA SCIENCE - INTERDISCIPLINARNOST

Data Science

Computer Machine \  Math and

Science Learning | Statistics
\\ N
N

1 Data Mining

Machipe Unicorn | \
\ Learping | ! o

\ \\‘ \ Traditional raditionrc':ll \‘1\_\
X \ A Software Researc
//

- o —
| - o —
\ < -

Subject Matter Expertise

N
\

Copyright © 2014 by Steven Geringer Raleigh, NC.
Permission is granted to use, distribute, or modify this
image, provided that this copyright notice remains intact
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DATA SCIENTIST — ,,NAUCNIK PODATAKA”

A data scientist is someone who knows more “Data Scientist = statistician + programmer +
statistics than a computer scientist and more coach + storyteller + artist”
computer science than a statistician.” - Shlomo Aragmon

- Josh Blumenstock

nlachine
Learning

Data
Science

Substantive
Expertise
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DATA SCIENCE SKILLSET

Dangef zone!

Substantive
Expertise

Machine Traditional
Learning Research

Math and Statistics
Knowledge

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU

Data science, due to its interdisciplinary nature, requires an
intersection of abilities: hacking skills, math and statistics
knowledge, and substantive expertise in a field of science.

Hacking skills are necessary for working with massive amounts of
electronic data that must be acquired, cleaned, and manipulated.

Math and statistics knowledge allows a data scientist to choose
appropriate methods and tools in order to extract insight from data.

Substantive expertise in a scientific field is crucial for generating
motivating questions and hypotheses and interpreting results.

Traditional research lies at the intersection of knowledge of math
and statistics with substantive expertise in a scientific field.

Machine learning stems from combining hacking skills with math
and statistics knowledge, but does not require scientific motivation.

Danger zone! Hacking skills combined with substantive scientific
expertise without rigorous methods can beget incorrect analyses.
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DATA SCIENTIST — ,,NAUCNIK PODATAKA”

Data Scientist Profile
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lzvor:

Doing Data Science

by Rachel Schutt and Cathy
O’Neil, 2014.

Published by O’Reilly Media,
Inc., 1005 Gravenstein Highway

North, Sebastopol, CA 95472.
Data Machine Mathematics Statistics Computer  Communication ~ Domain
Viz Learning Science Expertise
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Skills and Self—ID Top Factors

Data Businessperson Data Creative Data Developer Data Researcher

Harlan Harris’s

and visualization of
subfields of data science
from Analyzing the
Analyzers (O’Reilly)

Business

n/lL/ Big Data

.

Math/OR
Izvor:
Doing Data Science Programming
by Rachel Schutt and Cathy
O’Neil, 2014.
Published by O’Reilly Media,
Inc., 1005 Gravenstein Highway Statistics

North, Sebastopol, CA 95472.
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DATA SCIENTIST — ,,NAUCNIK PODATAKA”

TO "d93A
VER. 01

¥ Neko ko poznaje matematiku i statistiku, Sto mu omogucava da
ostvari interesantne uvide i zakljuCke iz podataka.

¥ Neko ko posedujeregramerske vestine koje mu dozvoljavaju
da kodira statisﬂ% | machine learning modele, preuzima i
manipulisSe @a ne nacine sa datasetovima koji dolaze iz
raznovrsni ora podataka.

¥ Neko ?fna da postavi prava pitanja | prevede ta pitanja u
ra an | kompletan analiticki okvir.

*%kon izvodenja analize (i ostalih procesa koji ulaze u Data
Science proces), on poseduje komunikacione sposobnosti da
izvesti druge o svojim nalazima i zakljuCcima, na nacin koji
drugi mogu lako da razumeju.
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DATA SCIENTIST — UNICORN
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Which makes them hard to find...

Applied Science
pplied Scle | Business Analysis
Statistics, applied m _
. - Data Analysis, Bl
Machine Learning _ _ _
Tools: Python, R, S Business/domain expertise
ols: SQL «Excel, EDW
Data engineering
Database technologies
Computer science

ta pipeline engineering
Tools: Java, Scala, P

istics and machine learning
ver large datasets

Tools: Hadoop, PIG, HIVE,
Cascading, SOLR, etc
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THIS 1S BOB, OUR NEW cimizeN PATA SCIENTIST.

NE PREVIOVSLY WORKED AS A CmizeN DeNTIST
AND A cimzeN PILOT.
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Broj fakulteta sa studijskim programima Data
Science
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Novembar 2014, April 2015. Oktobar 2017.

http://datascience.community/colleges
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Job Postings

Jun 16, 2017

== "Data Scientist": 0.151%
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https://www.indeed.com/jobtrends/g-%22Data-Scientist%22.html

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU DR BOBAN STOJANOVIC / DR MILOVAN MILIVOJEVIC



IBM Predicts Demand For Data Scientists Will Soar 28% By 2020
000006

Louis Columbus,
FULL BIO v
DF nions expressed by Forbes Contributors are their own

Jobs requiring machine learning skills are payving an average of
$114,000. Advertised data scientist jobs pay an average of $105,000
and advertised data engineering jobs pay an average of $117,000.

59% of all Data Science and Analytics (DSA) job demand is in Finance
and Insurance, Professional Services, and IT.

Annual demand for the fast-growing new roles of data scientist, data
developers, and data engineers will reach nearly 700,000 openings by
2020.

By 2020, the number of jobs for all US data professionals will
increase by 364,000 openings to 2,720,000 according to IBM.

Data Science and Analytics (DSA) jobs remain open an average of 45
days, five days longer than the market average.

https://www.forbes.com/sites/louiscolumbus/2017/05/13/ibm-predicts-demand-for-data-scientists-will-soar-28-by-2020/#456466c07e3b
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THE DATA 2,350,000

SCIENCE / DSA job listings in 2015

ANALYTICS By 2020, DSA job openings
LANDSCAPE are projected to grow

15%

364,000

Additional job listings
projected in 2020

Demand for both Data
Scientists and Data Engineers
is projected to grow

39%

DSA jobs remain open

5 days

longer than average

DSA jobs advertise average salaries of

$80,265

With a premium over all BA+ jobs of

$8,736
381%

Of DSA jobs require workers with
3-5 years of experience or more

https://www.ibm.com/analytics/us/en/technology/data-science/quant-crunch.html
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But as an admittedly non-techie person, | couldn't help but wonder: VWhat 1s
it that these people actually do?

Titles like "data scientist” or "cloud engineer" don't mean much to people
outside the field. Luckily, I didn't have to go far to find the answers. I took a
: look at five jobs making a frequent appearance on these lists, then asked
b ,-ﬂ e ' members of our own tech teams at LearnVest to help explain, in layman's

terms, what they entail — as well as offer some advice for those interested in

3 020 ;119 < ’
pursuing them. Here's what I found out.

YOUR READING LIST

These Tech Jobs Are 1. Data Scientist

In-Demand And Pay
Well. Here's What
They Do Indeed.com Average Base Salary: $129,938

‘What They Do: Data scientist Michael Walker says a broad definition of
his role is someone who takes raw data, cleans it up and analyzes it, with the
intention of trying to glean useful information or predict an outcome.

PODCAST: Ves. Vou “Data in the original format is somehow always terrible,” Walker says.

Are An Expert And “You'd think that because computers generate this, it should be very regular.

R But all sorts of things can happen. You need to understand how the data was
created in order to build a data model that's going to be reliable.” Data
scientists can be used for everything from marketing to product

How Equifax. development to operational efficiency. In Walker’s role specifically, he

Experian And Trans analyzes user data to help develop and improve future products and services.

Union 'Print Money’

By Selling Consumers i

Their Own Data Pro Tip for Job Seekers: Although data scientists typically have a mix of

computer science, math and statistics backgrounds, it’s common to see
K& Active on Facebook people with other science backgrounds enter the field, particularly those
Modi Lifts India Up with Ph.D.s. “In most scientific fields, they end up doing statistics and data
analysis,” Walker says. “They're studyving something else, but they just
i) happen to be using data and statistics to understand that, so they have a
good understanding of [data science] as well.”

https://www.forbes.com/sites/learnvest/2017/08/29/these-tech-jobs-are-in-demand-and-pay-well-heres-what-they-do/#7e44b8167429
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Ice ta-nu jef

Enginering, u sklopu kog ce studenti moci da biraju izmedu vise opcija, od kojih je

jedna i Data Science.

Pored toga, Prirodno matematicki fakultet u Novom Sadu je u septembru 2016.
godine akreditovao dvogodidnji master modul “Nauka o podacima”, u okviru

studijskog programa Primenjena matematika.

76% kompanija radi ili ¢e raditi Data
Science

Vecina aktera u domacem IT-u, medu kojima je i Startit, uvek naglasava vaznost
Data Science-a i to da je poslednjih nekoliko godina, ovo jedna od najplacenijih

oblasti u svim razvijenim ekonomijama.

Sa ciljem provere hipoteze o vaZnosti kreiranja studijskih programa iz oblasti
nauke o podacima, u novembru 2016. godine za potrebe rada realizovano je
istraZivanje trenutnog stanja i potreba softverskih kompanija u Srbiji za znanjima i

struénjacima iz ove oblasti.

IstraZivanje je zasnovano na prikupljanju podataka putem anonimnog web upitnika

koji su popunjavali menadzZeri u domacim softverskim kompanijama.

Najveci broj kompanija ima potrebe za programerima ,opste namene®, sposabnim
da uéestvuju u raznorodnim IT projektima (70,6%), dok su potrebe za data

science inZenjerima nesto manje (32,4%).

https://startit.rs/data-science-srbija-sta-nude-fakulteti-sta-traze-kompanije/
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r « Suggesting new ways of looking at customer
behaviours;

« Data mining process management;

« Deployment, continuous evaluation and
documentation of developed models;

» Developing models to be used as a inputs for
Campaigns Management System and linking output
of the initiatives with this system;

« Using different tools and techniques to handle
complex request /problem statements from business
stakeholders.

Apply for a job position

OATA SCIeNTIST -

Ul

WHY work - communi
WiTH TeLenory @ = @ e

in a dynamic )
.,1 e empowerment @ impact

you willl bring

Q progress @ flexibility
THINGS

you will be doing

« Deyeloping prediction models;

« Customer profiling and description;

« Suggesting new ways of looking at customer
behaviours;

« Data mining process management;

« University degree in Mathematics, Organizational
science or similar study;

« Minimum 2 years of experience in relevant field,

« Fluency in English;

« Solid knowledge of some statistical tool preferred
(eg. SPSS, SAS, Mat Lab, H20);

« Experience in SQL or other programming languages

(preferred R and/or Python);

« Cooperative and professional attitude;
« Analytical mindset;
« Result oriented and proactive;

« Ability to handle pressure and short deadlines
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Priprema podataka

Data Preprocessing e

This course introduces methods for
aspects of data science:

o data wrangling, cleaning, and sampling;

o data management to be able to %%;ess big data

quickly and reliably; \ 0(0
o exploratory data analysis@'enerate §
hypotheses and intuiti N

o prediction based on tical methods such as
regression and cl ication;

® Communication%f results through visualization,
stories, and summaries
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Proces otrkrivanja znanja iz podataka

Data
Data mining
preprocessmg ﬁ
Problem
Evaluation
understanding

Problem Result
specificatiop X exploitation
J

KNOWLEDGE

TO "¥3A
VER. 01

KDD process
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Data Science Process. Uopsten okvir aktivhosti

lzvor:
Doing Data

Exploratory Science
l Data by Rachel Schutt

and Cathy O’Neil,

Analysis 2014,
Published by

I O’Reilly Media, Inc.,
- : 1005 Gravenstein
Raw Data is Data is Highuoy North

Collected Processeql Sebastopol, CA
95472.

B\ ¥ ‘ Machine
Learning

Algorithms
Statistical

v v l Models

Build Data Communicate

Product Visualizations Make
Report Decisions
Findings
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Data Science Process. Uloge Data Scientista.

Ask question -
what data needs
to be recorded
or collected?

Humans behavisg
Biology

Finance

Internet

Medicine
Sociology
Olympics

Formulate hypotheses

Raw Data is
Coliected

LS

- Email

- Logs

- Medical records

- Surveys

- Blood drawn

- Olympic records

- NYT web pages
(articles)

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU

Why? What research
question am | going
to answer?

What do | want
it to look like?

Data is (Clean
Processed Data

- Clean

- Qutliers

- Missing values
- Debugging
-Table

- Pipelines

- Web-scraping
- Cleaning

- Munging

- Joining
-Wrangling

DR BOBAN STOJANOVIC / DR MILOVAN MILIVOJEVIC

lzvor:

Doing Data
Science

by Rachel Schutt
and Cathy O’Neil,
2014.

Published by
O’Reilly Media, Inc.,
1005 Gravenstein
Highway North,
Sebastopol, CA
95472.




Predprocesiranjee podataka

Data cleaning

—(7J

Datatransformation

Data integration

="

Data preprocessing tasks

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU

Data normalization

35—

Missing values imputation
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DATA PREPROCESSING — DATA WRANGLING
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A\>?~

Import — Tidy — Transform

Understand

Program

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU 30
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DATA SCIENTIST — AKTIVNOSTI
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* Podaci se najpre moraju uvesti (u R) (Import). To obicno
podrazumeva preuzimanje podataka koji se Cuvaju u
datoteci, bazi p taka ili web API-ju, i uCitavanja tih
podataka u dq)%‘rame u R-u.

. Nako sTt'ésu podaci uvezeni, skoro je uvek dobra ideja
Sr ih (Tidy). Sredivanje podataka podrazumeva
iStenje podataka u obliku koji je konzistentan sa
€~emantikom dataseta.
Ukratko, kada su podaci sredeni, svaka kolona je
promenljiva, a svaki red je jedna opservacija.
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DATA SCIENTIST — AKTIVNOSTI
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* Nakon sredivanja podataka, Cesto je dobra ideja
transformisati podatke (Transform).

. Transformaciff/\az}uéuje fokusiranje na podatke koji su od
interesa\g . svi stanovnici jednog grada, ili svi podaci iz
odredene* godine), kreiranje novih promenljivih koje su u
fu %Toostojec’ih promenljivih (kao recimo raCunanje

anja na osnovu brzine i vremena), i izraCunavanje
upa sumarnih statistika (npr. proseci ili frekvencije).

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU 32 DR BOBAN STOJANOVIC / DR MILOVAN MILIVOJEVIC



DATA SCIENTIST — AKTIVNOSTI

PRIRODNO-MATEMATICKI FAKULTET UNIVERZITET U KRAGUJEVCU

33
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e Zajedno, sredivanje i transformisanje
odataka se u Data Science zargonu
\5nazivaju natezanje/borba sa podacima
(Wrangling), jer dobijanje podataka koji su u
obliku sa kojim je prirodno raditi Cesto
podseca na dugu i komplikovanu
raspravu/svadu/borbu.
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DATA SCIENTIST — AKTIVNOSTI
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* Ono sto (za)okruzuje sve ove procese jeste programiranje.
Programiranje je unakrsni alat koji se koristi u svakom delu
Data Science profgkta.

0

* Ne morzta&aé'ﬁ ekspert u programiranju da biste bili Data
Scientjst;-ali se isplati biti bolji programer, jer e vam to
0 Citi da automatizujete uobicajene zadatke i lakse

Q; e nove probleme.
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>install.packages(*package name”)

:l.@ iz TR ear, randomforest
09 oo rnsormaion [T 5 Data 3 oo regrssion [[TTCZPR)
Y Hissig Voo imputations [TRSUEY Y Mod'é?ing fAnal-VSIS N Modeling M ciassification PPN P
3 ot veecion — [TICTN Stage Use uliklbrarles Stage | I
3 reatr soloton — L -y Brinesuies [N

6. LTIl FactoMineR, CCP | . B survival, Basta |

Wenera Mo Validation [E1 0% co..mm, Post
(IR | | Modeling
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a. [T clusteval, SigClust g
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Other Libraries

A. Improve performance  Rcpp,parallel B. Work with web XML, jasonlite, httr C. Report results shiny, RMarkdown
D. Text Mining tm, twitteR E. Database sqldf, RODBC, RMongo F. Miscellaneous swirl, reshape2, qcc
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Dobrodosli u svet ﬁw/a taka!



