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Moto predavanja

* Informaciona revolucija je toliko uzela maha da strucnjaci razlicitih
profila, moraju da uce kako da razumeju i koriste podatke, kao sto je
prethodna generacija ucila da koristi racunare (‘80-ih i ‘90-ih)

(Pierson, 2017)

Much of Science is now Data-Intensive

In 1990 data were scarce - interpretation was readily available Four “V's” of Data
. . . = Extremely large data sets
In 2013 data are everywhere - interpretation is scarce e o move * Volume
Frlmlcs - Variety
e.g. High Energy Physics, As m| . Ve'ro C]'ty
Data Volume + Large data sets ) * Verac’ty
* Some Standards within Domains
RQE; h ”EET a;trin’ns Medigm& mall d.
U Vel ders data; Few tandard
Local Servers & PCs
g. Social Sciences, Hum

Number of Researchers ‘The Long Tail of Science’

https://indico.cern.ch/event/609040/contributions/2455548/attachments/1468477/2271222/
Tony_Hey_-_The_Fourth_Paradigm_ATTRACT_Talk_-_May_17.pdf
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“Danasnji gradovi i vlade i dalje funkcionisu u skladu sa principima koji su razvijeni pre
dva veka, tokom industrijske revolucije.

Da bismo resili probleme 21. veka kao Sto su eksplodirajuci rast stanovnistva i klimatske
promene, potreban je novi nacin razmisljanje, koje moze da nam pruzi Big Data.

Digitalne mrvice za hleb, koje ostavljamo iza sebe u svakodnevnom Zivotu - koje
otkrivaju o nama viSe nego o Sto smo bili spremni da otkrijemo - pruzaju mocéno sredstvo
za reSavanje mnogih drustvenih problema“

(Pentland, 2013).

“In God we trust—
all others bring data.”

v ‘.“

https://www.duperrin.com/english/2014/11/17/quote-god-trust-others-bring-
@m Fakultet organizacionih nauka, Univerzitet u Beogradu data—deming/



Primenjeni metodoloski postupak

* Pristup ,ZASTO” i, KAKO":

 Jasna granica izmedu objasnjenja i nagadanja
* Bez zelje da se impresionira publika:

v’ Prekomernim koriséenjem matematike i statistike
v’ Zloupotrebom jezika suvisnim tehnickim terminima

* Inspired on Lipton & Steinhardt

THE
Keep @ It Simple, @ Stupid

PRINCIPLE
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https://arxiv.org/pdf/1807.03341.pdf

Ciljevi predavanja:

v’Upoznavanje sa osnovnim konceptima Nauke o podacima” — NoP (Data Science)
v'Resavanje pojedinih nedoumica, zabuna i zabluda vezano za NoP
v'Ukazivanje na dalje pravce akcije u savladavanju discipline

v'to stay industry-relevant and tech-savvy

@[m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Pre nego sto se upustimo u definisanje ,,Nauke o
podacima“ (NoP) ne zaboravimo:

" Rad sa podacima ima dugu istoriju ...

... godinama predstavlja predmet rasprava nauke i struke ...
matematicara, statisticara, informaticara i drugih (filozofa,
sociologa, bibliotekara, npr.) o

Not everything that can be
counted counts,
and not everything
that counts can be counted.

Albert Einstein

Fakultet organizacionih nauka, Univerzitet u Beogradu



Evolucija nauke, prema paradigmama

Hiljadu Eksperimentalna Opis prirodnih  Posmatranje
godina nauka fenomena prirodnih
pojava
Poslednjih Teorijska nauka Proucavanje Njutnov zakon,
nekoliko razlicitih Maksvelova
stotina godina zakona i jednacina...
teorema
Poslednjih Racunarska nauka Simulacija Simulacioni
nekoliko kompleksnih modeli
decenija fenomena
Danas Nauka o intezivhoj Koris¢enje Big Data, Nauka
upotrebi podataka velike kolicine o podacima
podataka
razlicitih
formata

m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Da se odmah razumemo...

Da biste se bavili NoP, u pravom smislu, neophodna su vam znanja:
* Analiticko znanje koju vam pruza matematika i statistika

* Odredeni nivo vestina kodiranja neophodan za rad sa podacima /
koris¢enje odredenih softverskih alata)

 Domenska ekspertiza (subject matter expertise): Bez ove strucnosti vi
ste matematicar ili statisticar ili informaticar (programer, developer)

@[m Fakultet organizacionih nauka, Univerzitet u Beogradu
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NoP — pristup definisanju

» Kada je neCega previSe za nabrajanje (ili je previse kompleksno za objasnjavanje),
efikasna (matematicka) strategija je da se to nesto opise njegovim komplementom -
onim sto nije.

* Navesé¢emo odredeni broj pojmova (disciplina i tehnika) koje same po sebi ne
predstavljaju NoP - ali je (za)okruzuiju.

* Redosled navodenja je dat prema (po sopstvenom videnju) opadaju¢em redosledu
njihovog znacaja u konceptualizaciji NoP - Sto predstavlja glavni cilj danasnjeg
izlaganja

* U naslovima su ostavljeni orginalni nazivi na enegleskom jeziku (NoP = Data Science),

THE =
Keep [l It Simple, | Stupid

u cilju lakseg referenciranja

@m Fakultet organizacionih nauka, Univerzitet u Beogradu PRI N CI P LE



18 analytic disciplines compared to data
science

* Machine learning * Operations research

* Data mining * Six sigma (method that provides organizations
e Predictive modeling 'E)?glcsegcgei!rsr;prove the capability of their business

e Statistics * Quant

* Industrial statistics  Artificial intelligence

* Mathematical optimization * Computer science

e Actuarial sciences (risk analysis) * Econometrics

* High performance computing * Data engineering

* Data analysis * Business intelligence

* Business analytics.

(Granville, 2014)
@lm Fakultet organizacionih nauka, Univerzitet u Beogradu


https://www.datasciencecentral.com/profiles/blogs/17-analytic-disciplines-compared
https://www.datasciencecentral.com/profiles/blogs/data-science-without-statistics-is-possible-even-desirable

D ata SCi e n Ce VS o SCi e n Ce Search Engine Market Share Worldwide (July 2020)

Kako nas Google algoritmi vide

* Naucnici (scientist)
* Naucnici za podatke (data scientist):

(Po ideji: Data Science: An Artificial Ecosystem, Harvard Data
Science Review - Meng, 2019)

NSV Harvard Data
% H DSI ‘ Science Initiative

Fakultet organizacionih nauka, Univerzitet u Beogradu


https://www.google.com/search?q=scientist&tbm=isch&ved=2ahUKEwjVwIGagtrtAhUZlKQKHTZ8DTcQ2-cCegQIABAA&oq=scientist&gs_lcp=CgNpbWcQA1CnqgpYp6oKYIKuCmgAcAB4AIABAIgBAJIBAJgBAKABAaoBC2d3cy13aXotaW1nwAEB&sclient=img&ei=KO7dX9WMGpmokgW2-LW4Aw&bih=553&biw=1280&rlz=1C1JZAP_enTR841TR842
https://www.google.com/search?q=data+scientist&tbm=isch&ved=2ahUKEwiClpbsgtrtAhVXNuwKHWkkBawQ2-cCegQIABAA&oq=data+scientist&gs_lcp=CgNpbWcQARgAMgQIIxAnMgQIIxAnMgQIABBDMgIIADICCAAyAggAMgIIADIECAAQQzICCAAyAggAOgYIABAHEB5QqYOJAljrjIkCYJWaiQJoAHAAeACAAfEBiAH1BZIBBTAuNC4xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=1O7dX4LcLNfssAfpyJTgCg&bih=553&biw=1280&rlz=1C1JZAP_enTR841TR842
https://www.datasciencecentral.com/profiles/blogs/data-science-without-statistics-is-possible-even-desirable

Data Science Vs. Statistics

e Statistika: Status (l.) = stanje; pravni polozaj jednog lica; prilike,
polozaj

e Statisticus (l.)= drzavni poslovi
* Prvi zacCeci statistike datiraju nekoliko vekova pre nove ere (p.n.e.)

* Prva prebrojavanja (za koja se zna) sprovedena su u Kini 4.000 godina
p.n.e. i Egiptu 3.000 godina p.n.e

(Watson, 2001)

Fakultet organizacionih nauka, Univerzitet u Beogradu


https://onlinelibrary.wiley.com/doi/epdf/10.1002/1097-0320(20010215)46:1%3c1::AID-CYTO1032%3e3.0.CO;2-3

Prvi organizovani popisi

* Rimska republika, u starom veku

e Svake pete godine, u odredeno vreme i na istom
mestu

* Podaci su se prikupljali po domacinstvima:
* Pol
* Starost
* Prebivaliste
* Imovinsko stanje

A Roman Censor, illustration from LAntique Rome,
m Fakultet organizacionih nauka, Univerzitet u Beogradu engraved by La brOUSSQ, pUbIIShEd 1796


http://homepages.uc.edu/~martinj/Latin/Roman_Population/Frank%20-%20Roman%20Census%20Statistics.pdf
http://socijalnoukljucivanje.gov.rs/wp-content/uploads/2017/11/Zene_i_muskarci_u_Republici_Srbiji_web_2017.pdf

Statisticki registri

* Najstariji registar domacinstava i pojedinaca datira iz doba dinastije Han
u Kini — drugi vek p.n.e

* U XVII veku u Evropi se uvode se registri rodenih, umrlih i vencanih lica

Srbija: XV vek - Osmanske popisne knjige (defteri)
Srbija: XXI vek (20. novembar 2020) - Centralni
registar stanovnistva postao aktivan

C A Notsecure | mduls.gov.rs/tag/centralni-registar-stanovnistva, & » @

/ stnica (o 3w ¢ |8 @n )

G| YNPABE

PYXWUh:
LLEHTPAJIHU PETUCTAP CTAHOBHULLTBA
BEJIUKU UCKOPAK



https://www.osce.org/odihr/39496?download=true
http://scindeks.ceon.rs/article.aspx?artid=0353-79191001363M

Data Science Vs. Statistics

e Statistika oznacava praksu ili nauku koja se prvenstveno bavi
prikupljanjem i analiziranjem numerickih (strukturiranih) podataka

* Data Science oznacCava praksu ili nauku koja se bavi prikupljanjem i
analiziranjem svih vrsta sirovih podataka ukljucujudi i
nestrukturirane podatke

* Data Science je siri pojam od statistike jer koristi i ostale kvantitativne
metode i tehnike, kao sto su metode operacionih istrazivanja, data
mining i sl.

* Tradicionalna statistika se bazira na pristupu odozgo nadole (top-
down approach), od modela i teorije do podataka, dok Data Science

koristi pristup odozdo prema gore (bottom-up approach), od podataka
do modela ili algoritma.

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://www.tandfonline.com/doi/full/10.1080/10618600.2017.1384734

NoP vs. Statistika

Zakljucak: statistika je svakako deo NoP, ali IZGLEDA da njen doprinos
disciplini nije tako veliki kako bi tradicionalni statisticari zeleli.

* Da li samo izgeda ili je sustinski tako? U mnogome zavisi od samih
statisticara. Koliko su spremni da prihvataju savremene koncepte i
koliko su u stanju da promovisu svoju ulogu u NoP (i ne samo tu, u
razvoju vestacke inteligencije, recimo). Npr. primer: pristrasnost u

vestackoj inteligenciji (V1) AMSTATNEWS

VE|

» President's Corner
Aren’t We Data Science?
1JuLY 2013 11,288 VIEWS 8 COMMENTS

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://www.tandfonline.com/doi/full/10.1080/10618600.2017.1384734

Istorijat — Verovatnoca (Probability)

* Ne bi bilo moguce donositi odluke uz rizik da nema verovanoce.

» Koncept ,verovatnog” (“probable”) verovatno datira od perioda pre Sokrata
(469-399. P. N. E.) i provlaci se kroz helenisticki period (323 p. n. e. (smrt
Aleksandra Velikog) - 146 p. n. e. (Aneksija klasiche Grcke od Rima).

* Filozofi i biografi poput Demokrita, Platona (427-347. p. n. e.), Aristotela (384-
322.p.n. e..%i Plutarha (46 -120) takozde su koristili ovaj termin.

* Platon je izraz ,verovatnoca” (“probability”) koristio na potpuno isti nacin kao
Sto se danas koristi u nemackom jeziku (Wahrscheinlichkeit = slicnost neCemu

sto je istina).

* Prve proracune verovatnoce napravili su u 16. veku u Italiji matematicar
Tartaglia (1500-1557) i matematicar i fizicar Gardano (1501-1576).

http://anson.ucdavis.edu/~roussas/Probability And Statistics
Throughout The Centuries.pdf

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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http://anson.ucdavis.edu/~roussas/Probability_And_Statistics_Throughout_The_Centuries.pdf

Data Science vs. Data Analysis

1962. John W. Tukey u uvodu svoje knjige “The Future of Data Analysis”:

e ,For along time | have thought | was a statistician, interested in
inferences from the particular to the general. But as | have watched

mathematical statistics evolve, | have had cause to wonder and to
doubt. ...

e All in all, I have come to feel that my central interest is in data analysis,
which | take to include, among other things: procedures for analyzing
data, techniques for interpreting the results of such procedures, ways of
planning the gathering of data to make its analysis easier, more precise
or more accurate, and all the machinery and results of (mathematical)
statistics which apply to analyzing data”

Fakultet organizacionih nauka, Univerzitet u Beogradu



https://projecteuclid.org/download/pdf_1/euclid.aoms/1177704711

Analiza podataka (AP)

Tukei (1962) je identifikovao analizu podataka kao novu nauku prepoznavsi
Cetiri glavna uticaja koja deluju na njen razvoj (Donoho, 2015):

1. Formalne teorije statistike
Ubrzani razvoj raCunara

Pojava sve veceg broja podataka na mnogim poljima

> W

Naglasak na kvantifikaciji u sve vecem broju razliCitih disciplina

The greatest value of a picture is
when |t forces us to notice what we
never expected to see.

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Statistika: nauka koja se bavi donosenjem odluka uz rizik

tatisticka
planiranje
, & # =Zivotni vek sijalice
Dizajn E P
eksperimenta Fate Pain e
Populacija
& &
Deskriptivha Slucajan b4
statistika Uzl . o Buduci uzorci za
velicine n |Inferencijalna statistika stvarnu upotrebu
¥ ;
Interval procene | Testiranje
BT R poveren)a hipoteza
A realizacija -
Ecdf
]. IIIIIIIIIIIIIIIIIIIIIIIIIIIIJ—
E=2x/n .
s 2=Tfx -2)2/ (@-1) ! ﬂ .
Ly Ly Xy g
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Exploratory data analysis (EDA)

* Klasicna statistika uglavnom se fokusira na zakljucivanje, odnosno na
slozen skup postupaka za donosenje zakljucaka o velikim populacijama
zasnovane na malim uzorcima

* Eksplanatorna analiza podataka, kako joj ime samo kaze, se bavi podacima

* Da bi se u potpunosti mogli primeniti , tradicionalni statisticki koncepti®
(metodologija), nestrukturirani sirovi podaci moraju se ,strurkturirati
(obraditi i predstaviti u strukturiranom obliku)

Data

Science

https://www.aismartz.com/blog/why-eda-is-crucial-for-any-
data-science-project/

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Definicija informaticara () GitHub

Analiza podataka je postupak ispitivanja, transformisanja i sredivanja datog skupa podataka
na odredene nacine kako bi se proucili njegovi pojedinacni delovi i izvukle korisne
informacije, i podrazumeva:

1. Razumevanje modela podataka

2. Manipulaciju podacima
3. Predstavljanje dobijenih rezultata

e Mnoge tehnike i procesi analize podataka automatizovani su u mehanicke procese i
algoritme

e Analiticari podataka imaju uzi spektar znanja i visu specijalizaciju od naucnika za podatke,
a nedostaje im (i nije im potrebna) ,, Sira slika“ (npr. poslovna vizija)

e Zbog velikog obima novih podataka i njihovog stanja, analiza podataka obicno ukljucuje
,ljudsku kreativnost” kako bi razumela i ostvarila uvid u raspolozive ,sirove” podatke.
(Lim, 2020)

(@) EID] o i e SEMINAR ZA RACUNARSTVO | PRIMENJENU MATEMATIKU MI SANU
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https://projecteuclid.org/euclid.aoms/1177704711

®

Preliminarna obrada podataka

Kada je n malo, i radi se sa strukturiranim podacima nije problem ali
kada se obraduje veliki broj podataka (Cesto i razliCitih struktura)
neophodno je njihovo prethodno sredivanje

* Tabelarno prikazivanje:
* Frekvencije (apsolutne frekvencije)
* Procenti (relativne frekvencije)

 Graficko prikazivanje
* Transformacija podataka

Dejan Pajic

* Nacin prikazivanja zavisi od tipa obelezja PRIMENA TEHNIKA
VIZUALIZACIJE U

BAZICNOJ STATISTICI

Fakultet organizacionih nauka, Univerzitet u Beogradu




Measurement level lbm SPSS

CATEGORICAL
VARIABLES
Order of data values m Nominal Mationality,
is undisputable? Variable Favorite animal
Yes
Data values have fixed m Ordinal "Bad, neutral,
unit of measurement? Variable good”
Yes
Zero value Interval Year of birth,
means "nothing?” Variable Degrees Celsius
Y Ratio Body length,
es Variable number of children
METRIC
VARIABLES


https://www.spss-tutorials.com/measurement-levels/

Nominalna

procenti, modus

Hi-kvadrat test,
Binomni test

Statistika | ordinana

percentili, medijana,
kvartili

Korelacija rangova

Intervalna

aritmeti¢ka sredina,
standardna devijacija

Koeficijent korelacije, t-
test, ANOVA, regresija,
faktorska analiza

Racionalna

sve deskriptivhe mere

(srednje vrednosti, mere
varijabiliteta, oblik
distribucije)

Sve

m Fakultet organizacionih nauka, Univerzitet u Beogradu
Katedra za elektronsko poslovanje
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http://ess.ekof.bg.ac.rs/DOKTORSKE_STUDIJE/Osnove%20analize%20podataka%20u%20istrazivanjima.pdf

Tipovi podataka u NoP

Continuous: Data that can take on any value in an interval.

Synonyms: interval, float, numeric

Discrete: Data that can take on only integer values, such as counts.

Synonyms: integer, count

Categorical: Data that can take on only a specific set of values representing a set of possible categories.
Synonyms: enums, enumerated, factors, nominal, polychotomous

Binary: A special case of categorical data with just two categories of values (0/1, true/false).

Synonyms: dichotomous, logical, indicator, Boolean

Ordinal: Categorical data that has an explicit ordering.

Synonyms: ordered factor

@[m Fakultet organizacionih nauka, Univerzitet u Beogradu ( Bruce a nd Bruce' 2017)



Tipovi podataka

R:

Numeric
Integer
Complex
Logical
Character

Python:

int (an integer)
float (a decimal)
boolean (either True or False)

string (text or words made up of
characters)

list (a collection of objects)



Znacaj tipova podataka u NoP

* Tip podataka vazan za odredivanje vrste vizuelnog prikaza, analize podataka ili statistickog

modela.

e RiPython koristi tipove podataka za poboljsanje racunskih performansi.
* Eksplicitna identifikacija podataka kao kategoricnih, za razliku od teksta, nudi neke prednosti:

@liab]

Znanje da su podaci kategoricki moze delovati kao signal koji govori softveru kako treba da se
ponasaju statisticke procedure, poput izrade grafikona ili fitovanje modela.

Ordinarni podaci mogu se predstaviti kao ordered.factor u R-u i Python-u, ¢uvajuci redosled
koji je odredio korisnik u grafikonima, tabelama i modelima.

Skladistenje i indeksiranje mogu se optimizovati (kao u relacionoj bazi podataka). Moguce
vrebdnpst! )Oje data kategoricka promenljiva moze zauzeti definisu se u softveru (poput
nabrajanja).

Podrazumevano (default) ponasanje funkcija uvoza podataka u R (npr. read.csv) je da
automatski pretvara tekstualne kolone u faktor. Naknadne operacije na toj koloni pretpostavice
da su jedine dozvoljene vrednosti za tu kolonu one koje su prvobitno uvezene, a dodeljivanje
nove tekstualne vrednosti uvest ¢e upozorenje i proizvesti NA (nedostajuca vrednost)

(Bruce and Bruce, 2017)

Fakultet organizacionih nauka, Univerzitet u Beogradu



Strukture podataka: pravougaone

= dvodimenzionalna matrica sa indikacijom redova
(record, cases) i kolona koje ukazuju na obelezja
(promenljive — variables)

= U R-u, osnovna pravougaona struktura podataka je
data.frame objekat.

Fakultet organizacionih nauka, Univerzitet u Beogradu



Strukture podataka: nepravougaone

= Podaci o vremenskim serijama beleze uzastopna merenja iste
promenljive. To je sirov materijal za metode statistickog predvidanja, a
takode je kljucna komponenta za podatke koje proizvode Internet of
Things (IoT).

= Strukture prostornih podataka (spatial data structures), koje se
koriste u mapiranju i prostornoj analitici (location analytics), jesu
slozenije i raznovrsnije od pravougaonih struktura podataka. U objektu
predstavljanja (object representation), fokus podataka je objekat (npr.
kuca) i njegove prostorne koordinate.

= Graficke (mrezne) strukture podataka (Graph (network) data
structures) koriste se za predstavljanje fizickih, drustvenih i apstraktnih
odnosa. Na primer, grafikoni drustvenih mreza, kao sto su npr. Facebook
ili LinkedIn, mogu predstavljati veze izmedu ljudi na mrezi.

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Analiza podataka

Tradicionalni pristup Savremeni pristup

Data
Analysis

Interpre-
pretation '
of results t
Research
Data
Question lways starts H

Answered with some data

Model
Training

Model
Optimization

O
>
-
b
O
o)
=
-
m
O
=
®)
=

Getting data Goodness j| Hypotheses
ready for analysis
Editing data Mean Reliability | | Appropriate
Handling Blanks | |Std Dev Validity statisfical
Coding Correlation manipu-

Categorizing Frequencies laltions
Creating data file https://www.knime.com/blog/analytics-and-beyond

Programm‘ng

Fakultet organizacionih nauka, Univerzitet u Beogradu




Uvod u analizu podataka

e Tabelarnim i grafickim prikazivanjem vrsi se preliminarna analiza
podataka:
* Prethodno utvrdivanje tipova obelezja - podataka (merne skale)
Provera ispravnosti podataka
Identifikacija nedostajucih vrednosti
|dentifikacija ekstremnih vrednosti
Vizuelna provera raspodele obelezja

Data Preparation

dummies

Find out what
data preparation is
Compare data prep to
other solutions

Implement data prep
at your company

Special Edition Ulrika Jagare

Fakultet organizacionih nauka, Univerzitet u Beogradu
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... zbog velikog obima novih podataka i
njihovog stanja...

Welcome to the New Normal
... eksponencijalna vremena!

* There has never been a better time to apply scientific
thinking to business problems

(Danner, 2015)


did-you-know-shift-happens-2018-remix.mp4

,Cetvrta paradigma je moida jedini sistemski na¢in za reavanje
nekih od najvecih globalnih izazova s kojima se danas suocavamo, i ...

... hije samo promena u nacinu naucnog istrazivanja, vec i promena u
nacinu na koji ljudi misle®

Jim Gray Turing Award winner, who was tragically lost at sea in
January 2007

(Hey et al., 2011)
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Education 4.0 / Society 5.0

* “In the era of Google, people no longer need to memorize every single
fact. Many tasks today are best carried out by computers.

... we have to give students the skills to both survive that changing
society and for them to lead that change”.

- Japan’s former education minister Yoshimasa Hayashi

Realizing Society 5.0
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https://foreignpolicy.com/sponsored/how-japan-is-preparing-its-students-for-society-5-0/

Qliab,

NoP —istorija

1996. Clanovi Medunarodne federacije klasifikacionih drustava (International
Federation of Classification Societies (IFCS)) sastali su se u Kobeu u Japanu na

dvogodisnjoj konferenciji. Po prvi put je pojam Data science ukljucen u naslov
konferencije (“Data science, classification, and related methods”).

2001. Villiam S. Cleveland je prvi put upotrebio pojam Data science u naslovu
nekog naucno/strucnog rada: “Data Science: An Action Plan for Expanding the
Technical Areas of the Field of Statistics.” International Statistical Review / Revue
Internationale de Statistique. Vol. 69, No. 1 (Apr., 2001), pp. 21-26 (6 pages),
Published By: International Statistical Institute (ISI) (Cleveland, 2001).

2002. Nauka o podacima postaje nauka: Medunarodni savet za nauku
(International Council for Science) prihvatio je Data science kao nauku i stvorio je
odbor za nju.
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http://worldcat.org/identities/lccn-n88046987/
https://www.jstor.org/stable/1403527?seq=1
https://www.jstor.org/stable/i261164

Nauka o podacima (NoP) — (Data Science)

(National Science Foundation, Directorate for Mathematical and Physical Science,
Support for the Statistical Sciences at NSF—a subcommittee of the Mathematical
and Physical Sciences Advisory Committee)

2. Data Science in NSF context

Motivated by NSF Strategic Plan and initial discussions with ADs

Our definition:
“Data Science: the science of planning for, acquisition,
management, analysis of, and inference from data”

Our context:
Data science and the enhanced application of data
science at NSF

https://www.amstat.org/asa/files/pdfs/EDU-DataScienceGuidelines.pdf
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https://www.youtube.com/watch?v=f9AqD83qHGg

Vise o istorijatu NoP

Donoho, D. (2015). 50 Years of Data Science. Tukey Centennial workshop in Princeton, New Jersey. Pristupljeno

11.12.2020. http://courses.csail.mit.edu/18.337/2015/docs/50YearsDataScience.pdf

Foote, K. D. (2016). A Brief History of Data Science. Dataversity Education, LLC. Pristupljeno 13.12.2020.

https://www.dataversity.net/brief-history-data-science/

MacTutor (2020). Analysis - History Topics. School of Mathematics and Statistics. University of St Andrews, Scotland.
Pristupljeno: 12.12.2020 https://mathshistory.st-andrews.ac.uk/HistTopics/

morris.umn. (2013). John Wilder Tukey. The University of Minnesota, Morris. Pristupljeno: 12.12.2020.

http://mnstats.morris.umn.edu/introstat/history/w98/Tukey.html

Press, G. (2013). A Very Short History Of Data Science. Forbes. Pristupljeno:12.12.2020. December 8, 2020.
https://www.forbes.com/sites/gilpress/2013/05/28/a-very-short-history-of-data-science/#6b29d42055cf

QRliab,
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http://courses.csail.mit.edu/18.337/2015/docs/50YearsDataScience.pdf
https://www.dataversity.net/brief-history-data-science/
https://mathshistory.st-andrews.ac.uk/HistTopics/
http://mnstats.morris.umn.edu/introstat/history/w98/Tukey.html
https://www.forbes.com/sites/gilpress/2013/05/28/a-very-short-history-of-data-science/#6b29d42055cf

NoP vs. veliki podaci

Big data is data that exceeds the I
processing capacity of conventional ADEBIEESE:

) vt

NEEs

database systems

Jos uvek imamo puno podataka koje tradicionalne
tehnike i alati ne mogu da uskladiste i obrade

Hollerith's electronic tabulator, 1902
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https://www.census.gov/history/www/homepage_archive/2016/january_2016.html

CS: 1890 US Census

* Procenjeno je da Ce biti potrebno 13 godina za obradu podataka, popis je
svakih 10 godina u SAD-u, po zakonu !!!

* Bilo Hollerith je dosao na ideju da se buse kartice za Cuvanje zapisa
(podataka) popisa stanovnistva: rupa ili ne ukazuje na muskarca ili zenu, na
primer - preteca formata binarne memorije na digitalnom racunaru

e Sledediizazov: kako da se ove busene karte automatski Citaju Cime bi se
omogucila brojanje a potom i tabulacija — iskoristio je Edisonov izum
elektricne energije da bi pomocu elektricne masine vrsio brojanje
registrovanjem da li struja tece kroz rupu ili ne.

A Hollerith Tabulating Machine.
Photo: Wikipedia/Marcin Wichary
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http://commons.wikimedia.org/wiki/File:Hollerith_card_reader_closeup.jpg

Herman Hollerith (1860—-1929) — preteca

danasnjeg naucnika za podatke

Statistics (S) - radio je kao pridruzeni sluzbenik u Popisnoj kancelariji (Census Office),

organizaciji osnovanoj za obradu propisa 1880. godine (do 1900. godine svaki
americki popis organizovala je i obradila nova, privremena organizacija; stalni Biro za
popis stanovnisStva uspostavljen je tek 1902. godine)

Computing (C)

Domain/science knowledge (D)

Collaboration/teamwork (C)
Communication to outsiders (C)

It began as the Computing, Tabulating & Recording Company (C-T-R) founded by Herman
Hollerith in the late 1800s. Their first large contract was to provide tabulating equipment for
the tabulation and analysis of the 1890 US census. The company grew quickly and, in the

early 1920s the name was changed to IBM.

Data Science = SDCCC =SDC3
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https://www.immigrantentrepreneurship.org/entries/herman-hollerith/

CS: The Literary Digest
- predizborna prognoza 1936.

n = 2.4 million, mailing list of about 10 million names:
Landon would get 57% of the vote against Roosevelt's 43%

e The actual results of the election were 62% for
Roosevelt against 38% for Landon

“Epilog:

1. Bankrot
2. Primena nauc¢nog metoda — Galup, 1935

@m SO Ol CMION TaukG; Moiailes Y SacgI https://www2.math.upenn.edu/~deturck/m170/wk4/lecture/casel.html



Big Data koncept, filozofija, pristup

Big Data (BD) je vise od velikih podataka (Big data = Big picture)
* Do skoro: podaci su bili problem - tumacenje relativno jednostavno
* Od skora: podataka ima u izobilju - tumacenje je problem

 Svi podaci moraju biti kategorisani, analizirani i vizualizovani

Rather than looking at segments, classifications, regions,
groups, or other summary levels you’ll have insights into all

the individuals, all the products, all the parts, all the event,
all the transactions, etc.

* NoP to omogucava

m Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje

' Volume . Velocity |

(Demchenko et al., 2013)



Big data — Da kvantifikujemo - Koliko veliko?

* Donja granica za BD je 1 terabajt, dok gornja granica ne postoji. Ako
organizacija poseduje najmanje 1 terabajt podataka, verovatno je dobar
kandidat za primenu Big Data (Pierson, 2017)

 Paradoks: Generalno, veé¢ina BD belezi male vrednosti u izvornom
(sirovom) obliku, odnosno sastoje od ogromnog broja vrlo malih
transakcija koje se nalaze u razli¢itim formatima (ima nisku incidencu sto
u velikoj meri determinise DS modele koji ¢e se potencijalno
implementirati.

* Inzenjeri podataka imaju posao da prikupe i srede te podatake, tako da
dobiju formu pogodnu za DS. ot g i

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Volume — npr.

........

1 byte
Kilobyte

~1000 (10%) bytes

Megabyte

~1000000 (10°) bytes

Gigabyte

~1000000000 (10%) bytes

Terabyte
~1000000000000 (10%2) bytes

Petabyte

~1000000000000000 (10*%) bytes

Exabyte
~1000000000000000000 (10%%) bytes

Zettabyte

~1000000000000000000000 (10%*) bytes

Yottabyte

~1000000000000000000000000 (10°¢) bytes

Source: Nokia HERE, Forbes, Idealab, GE, ITF calculations.

Fakultet organizacionih nauka, Univerzitet u Beogradu
Katedra za elektronsko poslovanje

Data size scale

O—O0—0—0—0—0—

25 gigabytes: data analysed per hour by
Ford's Ford Fusion Energi plug-in hybrid

60 gigabytes: data gathered per hour by
Google's self-driving car

140 gigabytes: data gathered per day by
Nokia HERE mapgping car

30 terabytes: data produced by Boeing 777
on a transatlantic trip

Several petabytes: traffic data stored by
INRIX to preduce traffic analysis for e.q.
Google traffic

1 zettabyte: Total amount of visual
information conveyed from the eyes to the
brains of all humans per day in 2013.

4.4 zenabytes: Estimated size of the digital
universe in 2013

44 zenabytes: Projected size of the digital
universe in 2020

(NOESIS, 2018)


NOESIS

Big data — Koliko brzo? (Kvantifikacija Velocity)

* Podaci koji se krecu velikom brzinom predstavljaju pravi izazov pravovremenom
donosenju odluka u realnom vremenu

 Veliki podaci ulaze u prosecan sistem pri brzinama u rasponu od 30 kilobaijta
(KB) u sekundi do ¢ak 30 gigabajta (GB) po sekund.i.

* Mnogi sistemi zasnovani na podacima moraju imati latenciju manju od 100
milisekundi, mereno od trenutka nastajanja (pojave) podataka do trenutka kada
sistem odgovori.

e Zahtevana propusnost moze biti i 1.000 poruka u sekundi u BD sistemimal
* Tehnologije Cesto predstavljaju usko grlo i limitrajuci faktor brzine podataka.

* BD su low-value (jeftini), pojedinacno i nesredeni nemaju neku vrednosti. Zbog
toga su vam potrebni sistemi koji e moci da ih ,,progutaju” u kratkim
vremenskom periodu, kako bi bili primenljivi na najbolji nacin.

(Pierson, 2017)

@[m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Big DATA

Data containing a defined data type, format, structure

Structu rEd Example: Transaction data and OLAP
. Textual data files with a discernable pattemn,
Sem |- enabling parsing

Structured Example: XML data files that are self
describing and defined by an xml schema

e o

Textual data with erratic data formats, can
be formatted with effort, tools, and time
£ ;]
Q u a S I Stru Ctu rEd Exampre: Web clickstream data that
may contain some inconsistencies in data
wvalues and formats

Data that has no inherent
structure and is usually stored

U 1] Structured as different types of files.

Example: Text documents,
FDFs, images and video

' Fakultet organizacionih nauka, Univerzitet u Beogradu



Variety - da kvantifikujemo - Koliko raznoliko?

* The DATA has increasingly become “unstructured”:

* Text

* Audio

* Video,
*Image,

* Geospatial

* Internet data:

Click streams
*Log files

Fakultet organizacionih nauka, Univerzitet u Beogradu

~tardra o~ 1Al -4 clrs naclAavwranis
Katedra za elektronsko poslov anje

Structured Data @ Unstructured Data

Can be displayed
in rows, columns and
relational databases

Numbers, dates
and strings

Estimated 20% of
enterprise data (Gartner)

Requires less storage

Easier to manage
and protect with
legacy solutions

80%

Cannot be displayed
in rows, columns and
relational databases

Images, audio, video,
word processing files,
e-mails, spreadsheets

Estimated 80% of
enterprise data (Gartner)

Requires more storage

More difficult to
manage and protect
with legacy solutions

https://www.igneous.io/blog/structured-data-vs-
unstructured-data



Data Lake

=) Mesto za €uvanje ogromne kolicine sirovih i neobradenih
podataka u izvornom formatu

* Bas kao Sto u jezero imate viSe pritoka, jezero podataka sadrzi
strukturirane podatke, nestrukturirane podatke, machine to machine,
logs... prikupljene u realnom vremenu

Structured Data
\Iachme to

N

Data Lake

/ .

Unstructured Data

What is Data Lake? It's Architecture

Fakultet organizacionih nauka, Univerzitet u Beogradu



https://www.guru99.com/data-lake-architecture.html

TABLE 1. The most popular big data positions.

Positions Description Capabilities
Data Customer-oriented, Extract and synthesize data, [ [
Scientist create products and statistical analysis, data D a ta Sc I e n c e vs ° B I g d a ta
processes with insight and information
meaningful value-added  mining, develop software,
services
Data Systems  Big data platform Computer systems
Architect construction, big data architecture, network
systems design, architecture, programming
infrastructure paradigm, file system,
distributed parallel

processing, etc.

Data Systems

Data security life cycle

Artificial intelligence,

Analyst management, analysis machine learning,
and application mathematical statistics, b Besant Technologies
matrix computing,
optimization methods
Hadoop Solve big data storage Hadoop, Python, Linux, etc.
Engineer problems
Data Analyst Extract, analyze, and SPSS, STATISTIC, EViews,
present data to make SAS, big data Magic Mirror
business sense of the and other data analysis
data software

Data Mining  Find patterns in big data  Linear algebra, higher

Engineer algebra, convex
optimization, probability
theory, Hadoop &

Data Science

MapReduce, Python &
Spark.
Data Design the visualization  Choose the right
Visualization  scheme that meets the visualization technique,
Engineer business requirements make and promote visual
samples, sample
coml;)oncntiz:ftinn. X. Li et al.: Curriculum Reform in Big Data Education at Applied Technical Colleges and Universities in China IEEE ACCGSS
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Analiticka piramida Big Data / Data Science koncepta

* A - struktuirani podaci (koji mogu biti eksterni ili interni).
* B - nestruktuirani podaci koji se konvertuju u struktuirane - poznate.

* C - nepoznati nestruktuirani podaci koji ¢e se obradivati u svom prvobitnom
obliku, bez konverzije

*D - proizvodnja sopstvenih podataka. (Izvor: Minelli & Chambers, 2013)



Polu-strukturirani podaci

e koriste se za opis strukturiranih podataka koji se ne uklapaju u formalnu strukturu
modela podataka

 Sadrze oznake koje razdvajaju semanticke elemente, sto ukljucuje sposobnost nametanja hijerarhija
unutar podataka

» Fakultet organizacionih nauka, Univerzitet u Beogradu
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Kvazi-strukturirani podaci (clickstream string)
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data science

data science srbija
data science salary
data science course
data science jobs

data science pdf

data science python
data science examples

data science degree

www.datascience.rs  Translate this page Data science (Hayka o <
Data Science Serbia: Poéetna nopauuma)

Alexey Grigorev is a Lead Data Scientist at OLX. He is aiso a founder of @DataTalksCiud Fiedd of study

Author of Machine Learming Bookcamp. He likes writing about
Data science is an Inter-discipinary field that uses
scientific methods, processes, algorithms and

) Videos systems 10 extract knowledge and Insights from
A ) struciured and unstructured cata, and apply
= Data Science In 5 Minutes | Data Science For Beginners ., knowledge and actionable Insights from data across a
' o
PATA ‘.‘::al._ YouTube - Sirplileam broad range of appacation domains. Wikipedia
N Decs 2018
Mashematics v
4 key moments in this video ~
. . . . Career path v
From 00:00 From 00:10 From 03:11 From 03:53 Skils &
Introduction Life of a Data Roies offered Salary of a
JO— —sienlsl 102 0aa '

https://www.google.com/search?sxsrf=ALeKk01849ABziclO-
Sd0e 7Z8SD4YWuZlLg%3A1615317472677&ei=4MIHYMTnKKyrrgTqqolY&q=data+scinece&oqg=data+scinece&gs_lcp=Cgdnd3Mtd2I6EAxQAFgAYJI
UaABwWAXgAgAGDAYgBgwGSAQMwLGYAQCqAQdnd3Mtd2I6wAEB&sclient=gws-

wiz&ved=0ahUKEwWjE16HB9qPvAhWslYsKHWqVAAsQ4dUDCAO @ [E:a Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje




Maksimiziranje znanja (value)

* Podaci se obraduju i koriste u priblizno realnom vremenu (velocity).

* Kako bi se izbegla najveca zamka (ne samo NoP, vec¢ VI generalno), a
to je pristrasnost u podacima (bias), neophodno je definisati
odgovarajuci koncept kvaliteta podataka (veracity) koji podrazumeva
implementaciju metadata (Data Quality Through Metadata).

Fakultet organizacionih nauka, Univerzitet u Beogradu



The Potential of Big Data
*Analogija: voznja automobila nocu vs. voznju danju;

U prvom primeru vidite samo ono sto osvetljavaju farovi, a u drugom cCitav
pejzaz.

- So be prepared for a real revolution.

Rather than looking at segments, classifications, regions,
groups, or other summary levels you’ll have insights into all

the individuals, all the products, all the parts, all the event,
all the transactions, etc.

E Fakultet organizacionih nauka, Univerzitet u Beogradu
Katedra za elektronsko poslovanje
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Big data bez NoP

pic Sky Survey is a 5,000 megapi . posures, http:

Fakultet organizacionih nauka, Univerzitet u Beogradu




Big Data Analytics 1. Tekst analitka (text mining)

- proces kojim se ekstrahuju (izdvajaju) informacije iz nestrukturiranih
tekstualnih podataka iz Big Data izvora: drustveni mediji, elektronska posta,
blogovi, onlajn forumi, odgovori na anketu, korporativni dokumenti, vesti i
logovi kol centara (call center logs) i transformisu se u strukturirane
informacije koje podrzavaju donosenje odluka zasnovanih na dokazima
(evidence-based decision-making) (Hurwitz & Nugent, 2013).

Tehnike:

e Obrada prirodnog jezika (Natural Language Processing),
e Tehnike masinskog u¢enja (Machine Learning),

e Statisticke metode,

 VVestacka inteligencija,

* Tehnike klasifikacije,

e Jezicko ucenje (Linguistic Learning),

* Semanticka analiza i

e Prediktivno modeliranje (Kaur & Deepti, 2016).

@ [E:a Fakultet organizacionih nauka, Univerzitet u Beogradu

........ Katedra za elektronsko poslovanje



Big Data Analytics 2. Audio analitika

- metoda koja analizira i izdvaja informacije iz nestrukturiranih audio podataka.

- Tehnoloska resenja zasnovana su na racunarskoj lingvistici i masinskom ucenju, uz jaku
regulatornu ekspertizu (Ernst & Young, 2016).

Dva osnovna tehnoloska pristupa/tehnike:

1. Pristup zasnovan na transkriptu - prepoznavanje kontinuiranog govora sa velikim
vokabularom (large-vocabulary continuous speech recognition - LVCSR) i

2. Fonetski pristup (Gandomi & Haider, 2015).

Fakultet organizacionih nauka, Univerzitet u Beogradu




Big Data Analytics 3. Video analitika

- ukljuCuje razliCite tehnike za kontrolu, analizu i ekstrakciju informacije iz
nestrukturiranih video podataka (video streams).

-vrhunski automatizovani sistemi za video analizu integrisu i uce od svih
dostupnih senzora i od svih prethodnih informacija o sceni, ciljevima i
ocekivanim ponasanjima kako bi dodatno poboljsali efikasnost. Ovo
omogucava automatizaciju resenja za video analizu za nove domene
(Hakeem, et al., 2012)

- pametni sistemi mogu da prikupljaju demografske informacije o
pojedincima, kao sto su starost, pol i etnicka pripadnost

- Automatsko video indeksiranje i pronalazenje objekata moze se izvrsiti na
osnovu razlicitih nivoa informacija dostupnih u video sadrzaju, ukljuCujuci
metapodatke, zvucni zapis, transkripte i vizualni sadrzaj

m Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje




CS: Image analysis

Usluga: MSCT grudnog kosa 53804788

Ustanova: Opsta bolnica Medigroup  Adresa: Miluting Milankovi¢a 3, 11070 BG-Novi B d
’ eogra

CT PREGLED GRUDNOG KOSA

Nativno

Sumnja na Covid 19

Na presecima ucinjenim kroz bazu vrata se ne vide a 3

GG opacifikacije nisu prisutne. Patolocke promene

Sem GGO ne postoje ni konsolidacije ni fibrozne romen i

U plué¢ima se ne vide druge promene. £ SACisey paring)

Traheja i oba glavna bronha su normalne Sirine lumena i debljine zida bez stranog sadrzaja.
Pleura!m prostori su slobodni, bez te¢nog sadrzaja.

U meduastinumg i aksilama se ne vide patoloski izmenjene limfne zlezde.

Tora kalna aorta je normalne Sirine lumena. Stablo pluéne arterije je normalnog promera.
Kostane strukture su ocuvane CT morfologije.

U pgs_tprqcesingu programom za vestacku inteligenciju RADLogics (za Covid 19) od snimljenih i pregledanih 214 preseka
pozitivno je 0 {Positive Slices Ratio 0 %) sa Covid 19 Score-om od 0 cm3.

Covid 19 infekcija u pluéima nije prisutna.
Savet: Konsultacija sa ordinirajuéim lekarom.

U prilogu DVD i RadLogics report.

RADLogic TN
B ﬂ(/?o\\
RADLogics develops Al-Powered solutions that support image analysis to improve
radiologists’ productivity while enhancing patient outcomes. Based in New York, NY and
Tel Aviv, Israel, we are one of the pioneers in using Al & machine learning image analysis
and advanced big data analytics to search and analyze imaging data to help reduce
diagnostics turnaround time from hours to minutes by automating detection and report
generation functions. Our patented Al medical image analysis platform enables rapid

development and deployment of Al algorithms, and provides seamless integration into
https://www.radlogics.com/

existing and customized radiology workflows.


https://www.radlogics.com/

Big Data Analytics 4. Analitika drustvenih medija

- analiza strukturiranih i nestrukturiranih podataka iz kanala drustvenih medija koji se
generisu iz dva osnovna izvora:

1. Podaciiinformacije generisane od strane korisnika: sentimenti (osecanja, stavovi)
fotografije, video zapisi i sl.) i

2. Podaciiinformacije koje nastaju kao rezultat interakcije izmedu mreznih entiteta
koje Cine ljudi i organizacije.

Tehnike analitike drustvenih medija (Batrinca & Treleaven (2015):

e  Obrada prirodnih jezika (Natural language processing—NLP), h
e Analitika vesti (News analytics), | i ? -5
e |Istrazivanje javhog mnjenja (Opinion mining), o m—

e  Ekstrakcija (Scraping) drustvenih medija, ]ﬂlnlﬂ[ Tl‘l{—*
e Sentiment analiza (Sentiment analysis) i Eﬂﬂﬂl W’fh
e  Tekstualna analitika (Text analytics). S




CS: Tekst analitika (text mining)

Mentions over time
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Mentions over time by source
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Sensitivity Analysis

Python:

SALib
https://salib.readthedocs.io/en/latest/

Installing Prerequisite Software

SALib requires NumPy, SciPy, and matplotlib installed on your computer. Using pip, these libraries can be
installed with the following command:

pip install numpy
pip install scipy
pip install matplotlib

The packages are normally included with most Python bundles, such as Anaconda and Canopy. In any
case, they are installed automatically when using pip or setuptools to install SALib.

@ @:a Fakultet organizacionih nauka, Univerzitet u Beogradu

........ Katedra za elektronsko poslovanje

Sensemakr
https://cran.r-

project.org/web/packages/sensemakr/vignettes/sen

semakr.html

# Loods packaoge
library{sensemakr)

# Loods data
data("darfur")


https://salib.readthedocs.io/en/latest/
https://cran.r-project.org/web/packages/sensemakr/vignettes/sensemakr.html

Big Data Analytics 5. Prediktivna anlitika

- obuhvata razli¢ite modele koje predvidaju buduce ishode na osnovu istorijskih i
trenutno raspolozivih podataka, otkrivanjem obrazaca i relacija u podacima, za
razliku od eksplanatornih modela koji se koriste za testiranje kauzalnosti
(Shmueli & Koppius, 2011).

U zavisnosti od tipova raspolozivih podataka i zadatih ciljeva istrazivanja, u
prediktivnoj analitici se javljaju dve razliCite paradigme:

* Ucenje pod nadzorom (Supervised Learning)

* Ucenje bez nadzora (Unsupervised Learning)

Predictive

Econometrics
and Big Data

Ea Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje



CS: Transport & Logistics - Challenge:

* Prediktivna analitika se moze koristiti za omogucavanje tranzitnih operatora i
menadzera da brzo donose odluke o prilagodavanju vozila ili usluga u skoro realnom
vremenu

* Trenutno priblizno 20% teskih teretnih vozila u Evropi vozi prazno (Eurostat, 2020)
https://ec.europa.eu/transport/sites/transport/files/legislation/svd20200331.pdf

* Danas se 1,5% BDP-a EU godisnje posvecuje reSavanju problema guzve u saobracaju



https://ec.europa.eu/transport/sites/transport/files/legislation/svd20200331.pdf

“We know where you’ve been”

Individuals’ time-space trajectories are powerful identifiers

/ :
/ longitude

People’s patterns of movement in space and time are repetitive and
predictable. These trajectories are powerful identifiers - like fingerprints




CS: Prediktivna anlitika

Pick-up and drop-off points of all 170 million taxi trips over a year in New York City

h u bco b HubCab s an interactive visualization thot Invites Toxi Fickup Taxi Dropof
you 10 explore the ways in which over 150 million
taxi rips connect the Clty of New Yorkin o given !
YEAr.  Show me how It works.

@Jiab, 9 f
N :

Source: MIT SENSEable City Lab.




Data Science vs. Machine Learning (ML)

* Masinsko ucenja (ML) je funkcija orijentisana na proizvod cija je
primarna uloga izgradnja konkretnog algoritma koji odgovara specificnim
zahtevima — najcesce: automatsko predvidanje na osnovu podataka.

* NoP je strateski orijentisana funkcija Cija je primarna uloga stvaranje
dodatne vrednosti, koriste¢i naucne metode, vodene podacima.

Naucnik za podatke (NzP) je odgovoran za ostvarivanje strateskih ciljeva;
Specijalista za masinsko ucenje ima vise takticku ulogu.

- Pradyumna S. Upadrashta. Perpetual learner, teacher, practitioner (15+ years)

(@) EID] o i e SEMINAR ZA RACUNARSTVO | PRIMENJENU MATEMATIKU MI SANU


https://www.quora.com/What-is-the-difference-between-a-data-scientist-and-a-machine-learning-engineer

10 Machine Learning Methods that Every Data Scientist Should Know

 Regression (LRM)

* Classification (logistic regression)
* Clustering (K-Means)

- Dimensionality Reduction (PCA)
 Ensemble Methods

 Neural Nets and Deep Learning
 Transfer Learning
 Reinforcement Learning

« Natural Language Processing

« Word Embeddings

https://towardsdatascience.com/10-machine-learning-
methods-that-every-data-scientist-should-know-

@m Fakultet organizacionih nauka, Univerzitet u Beogradu 3CC96e0eeee9

........ Katedra za elektronsko poslovanje



The Machine Learning Revolution

* Neuronske mreze su samo jedan primer algoritma masinskog ucenja (ML)

* Deep Neural Networks are now exciting the whole of the IT industry since they enable us to:
* Build computing systems that improve with experience
e Solve extremely hard problems
* Extract more value from Big Data
* Approach human intelligence e.g. natural language processing

The Fourth Paradigm
and Big Scientific Data

|:> Professor Tony Hey

Chief Data Scientist
Rutherford Appleton Laboratory
Science and Technology Facilities Council
tony.hey@stfc.ac.uk

https://indico.cern.ch/event/609040/contributions/2455548/attachments/1468477/2271222/
Tony_Hey - The_Fourth_Paradigm_ATTRACT Talk - May_17.pdf

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Data Science vs. Data engineering (DE)

Data engineering - inzenjerski domen posvecen izgradnji i odrZzavanju sistema podataka za prevazilazenje uskih
grla u obradi podataka i problema sa rukovanjem podacima koji nastaju usled velikog obima, brzine i
raznolikosti velikih podataka

|:> kako im samo ime kaze, inzenjeri, koji se bave infrastrukturom DS

Data engineers:

» Koriste raCunarske vestine i softverski inZenjering za dizajniranje sistema i reSavanje problema upravljanja
velikim skupovima podataka.

* Imaju iskustva u radu sa i dizajniranjem okvira za obradu u realnom vremenu i platformama za masovne
paralelne obrada (massively parallel processing MPP) kao i RDBMS.

» Koriste programske jezike Java, C ++, Scala i/ili Python.

* Znaju kako da primene Hadoop MapReduce ili Spark za rukovanje, obradu i procis¢avanje velikih podataka u
skupove podataka kojima se lakSe upravlja.

Kljucna razlika: naucnici za podatke takode moraju da imaju strucnost u odredenim oblastima u kojima rade

(subject-matter expertise) From a hardware-based point of view, data analysis
consists of three components: the processor to perform
the calculations, the storage to store the (manipulated)
data and a system that transfers data between the two.

@m Fakultet organizacionih nauka, Univerzitet u Beogradu https://www?2.deloitte.com/content/dam/Deloitte/de/Documents/technology-media-
: telecommunications/TMT_Studie_In_Memory_Computing.pdf



Data engineering — konkretno

* Buducdi da 3V onemogucavaju implementaciju tradicionalnih relacionih sistema upravljanja bazama
podataka i tradicionalnu statisticku obradu podataka, inzenjeri za podatke imaju zadatak da prevazidu
limite Big Data

e Kako to rade?

* Hadoop, za svodenje velikih u manje skupove podataka koje naucnici za podataka mogu procesirati

Hadoop ecosystem : Top Alternatives to Hadoop HDFS
= HDFS (for data storage), * Databricks
e Google BigQuer
= MapReduce (for bulk data processing), . CIoui;:Iera gQuery
= Spark (for real-time data processing), and e Hortonworks Data Platform
= YARN (for resource management). * Microsoft SQL
e Snowflake
e Qubole

Alternativna: R, Python, za obradu velikih skupova podataka

bez inZenjera za podatke
( J P ) Izvor: https://www.g2.com/products/hadoop-

hdfs/competitors/alternatives

@[m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Analogija...

* “Astronomi su zaista vesti u izvlaCenju struktuiranih podataka iz slika. Oni posmatraju Sky Survey kao nacin
prikupljanja slojevitih podataka o milijardama zvezda i drugih vasionskih tela.

e Ovaj nacin razmisljanja veoma je slican pristupu koji menadzeri imaju prema svojim klijentima.

* Naime, menadzeri o svojim klijentima znaju u sustini veoma malo, a i ta saznanja su nekompletna, van konteksta i
potencijalno netacna —isti princip kao i sa zvezdama.

» Kada je astronomima neophodno da sagledaju zvezde temeljnije, oni posezu za teleskopima sa znatno viSom
rezolucijom i fokusiraju se na manji segment neba. Na taj nacin, dosta objekata koji su bili jedva
prepoznatljivi u glavnom delu istrazivanja (upotrebom nize revoluciji i globalnije slike) sada postaju vidljivo
jasniji. Tada zapravo mozete shvatiti da li ste posmatrali zvezde, galaksije ili druga nebeskih tela”.

BIG DATA /
BIG ANALYTICS f.,

DMEPGMNG DUSNESS WITLLGONCE AND
ANALYTIC TRONDS FOR TO0KrS

TR/
s/
i =dd

who rule the data

ig) The future belongs to those

Fakultet organizacionih nauka, Univerzitet u Beogradu
(@IED : :



BIG DATA IS A HUMAN RIGHTS ISSUE
« Never analyze personally identifiable information

* Never analyze confidential data
* Never seek to re-identify individuals

GDPR

@:a Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje



Data Science vs. Artifical Intelligence

 Vestacka inteligencija (VI) je Siri pojam od NoP: ukljuCuje sve sto
omogucava racunarima da uce i nauce kako da reSavaju probleme i
donose pametne odluke.

Artificial
Intelligence

Machine
Learning

Data
Science

(Nigam, 2019)

Fakultet organizacionih nauka, Univerzitet u Beogradu

Katedra za elekironsko posiovanje



https://blog.insaid.co/data-science-vs-machine-learning-vs-ai/

DS vs. Al vs. ML vs. DL

* Al involves machines that can perform tasks that are characteristic of human intelligence. While this

is rather general, it includes things like planning, understanding language, recognizing objects and
sounds, learning, and problem solving (by John McCarthy, 1956)

* Machine learning is simply a way of achieving Al. (Arthur Samuel, 1959
* Deep learning is one of many approaches to machine learning

Artificisl Intelligence

) Machins Learning
o sorupoco | e ,

Al is the
New }
Electricity

Dr. Andrew Ng

[ Deep Learning

-

)
SR

Data Bolence

) Fakultet organizacionih nauka, Univerzitet u Beogradu




Nauka o podacima — Data Science

Spremni za definisanje: nista i sve od navedenog.

m Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje



Nauka o podacima (NoP) — Data Science

: multidisciplinarna naucna oblast koja kombinuje prirodno-
matematicke i tehnicko-tehnoloske nauke da bi uz domensku
ekspertizu iz podataka razlicite velicine i formata izvukla maksimalno
Zznanje.

- skup komplementarnih naucnih disciplina sa slicnim metodoloskim
osnovama, perspektivama i ciljevima, koje objedinjuje zajednicka
misija: kontinuirano uvecanje baze znanja.

... Vizija bi trebalo da sledi... za dobrobit covecanstva i oCuvanje

planete Zemlje.
(Vukmirovi¢, D. (2020). DATA SCIENCE: SCIENCE OR BUZZWORD. Seminar za

racunarstvo i primenjenu matematiku. Matematicki Institut SANU, Beograd)

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Domenska ekspertiza

. ekspertska znanja koja pokrivaju predmet i ciljeve odredenog
istrazivanja za koje se NoP koristi, a poticu iz razliCitih naucnih oblasti,
ukljucujuéi medicinske, biotehnicke, drustvene i humanisticke nauke
(npr. medicina, biohemija, farmacija, ekonomija, socilogija...).

If | had an hour to
solve a problem I'd
spend 55 minutes
thinking about the
problem and

5 minutes

thinking

about

solutions.

g P 774!
~ Albert Einstein /47~ A

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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VeliCina (volume) podataka ne igra znacajnu
ulogu u implementaciji NoP-a

* Procesorka snaga
* Alati (besplatni ili jeftini)
* Pristup podacima (open data)

* Cloud (tehnologije i resenja)

m— | | | | 1 J
1993 1996 1999 2002 2005 2008 2012 2019

* Nove naucne discipline (Science 4.0)

(Pavicic, 2019)


https://www2.irb.hr/korisnici/mpavicic/papers-ps-pdf/popular/Pavicic-InfoTrend2020.pdf

Data Science u organizacijama

Business Insight @

Trends and predictions
lood to innovaton
and market loadorship

‘ Data Science

Applcation of acadomic DATA
05505 J S
Gie orosiion of prodiste medeld SCIENCE

&>  Organization

Proper storage
and access control
keops data secure

O Tools

-
Powerful tools bring
data together from
mulitiple sources,

making & more
usotul
Management @
. -
Accurate, consistent and complete
data is the foundation
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https://www.jabil.com/blog/data-science-the-lifeblood-of-the-digital-economy.html

There’s no single blueprint for beginning a DS
project

never mind ensuring a successful one but these 10 questions will help guide you to
success:

Is this your organization’s first attempt at a DS project?

. What business problem do you think you’re trying to solve?
What types and sources of data are available to you?

What types and sources of data are you allowed to use?
What is the quality of your organization’s data?

What tools are available to extract, clean, analyze and present the data?

Do your employees possess the right skills to work on the data analytics project?
. What will be done with the results of your analysis?
. What types of resistance can you expect?

10.What are the costs of inaction?

© 0 NOUAWNE

Gsas | Es.

Fakultet organizacionih nauka, Univerzitet u Beogradu
@liab) 9 9
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https://www.sas.com/sas/offers/19/building-data-analytics-strategy-110139.html#formsuccess
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CS: MIP - model inteligentnog preduzeca

v'prototip modela za implementaciju NoP i VI u malim i srednjim preduzeéima u
cilju poboljsanja performansi poslovanja

* Polazna pretpostavka - osnovni cilj kompanije predstavlja povecanje
korporativne inteligencije koja se definise kao funkcija znanja baziranog
na podacima:

IQcorp = f (podatak, znanje)

* bazira se na Big Data tehnologijama i NoP
MIP= f (podatak, model, reinzenjering)

@@ Fakultet organizacionih nauka, Univerzitet u Beogradu
S’
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Koraci u Implementacija MIP-a

Definicija Odgovornost

1 [zbor 1nicijalnog poslovnog Poslovni proces Top menadZment
problema/mogucénosti za inicijalnu
implementaciju.

2 Kreiranje internog tima za implementaciju u Interni tim za MenadZment
sastavu: MenadZment srednjeg nivoa zaduzen = implementaciju srednjeg nivoa
za poslovni proces, IT stru¢njaci, strucnjaci za
analitiku (podatke)

3 Odluka o nac¢inu implementacije: unutar Nacin implementacije Top menadzment
kompanije 1li van (outsorce).

4 Izbor odgovarajuce platforme 1 modela Izabrano resenje Interni tim za
poslovne analitike. implementaciju

5 Implementacija izabranog reSenja Implementacija Internt tim za

implementaciju

Fakultet organizacionih nauka, Univerzitet u Beogradu
@liab] 9 9
S’
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CS: Implementacija MIP: Tekijanka - Fruit and
vegetable supply

Implementacija: Kombinovana metoda - interna uz outsorce glavnog
analiticara i naucnika za podatke

Tim za iplementaciju:
Domain/Business expert

Data scientist

Computer Science/IT expert
Programmer — Software Developer
Chief Analytics Officer

TEKIJ@ ANKA o

Najpot if/i

“‘”ku} =
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https://www.tekijanka.com/

Prediktivna analitika

Tradicionalni modeli (predvidanje) planiranje zasnovani su na
prethodnoj potraznji

* Modeli osetljivosti potraznje (Demand sensing models) : upotreba
nauke o podacima i podataka u realnom vremenu za izraCunavanje
prognoza se bazira na upotrebi azuriranih podataka (zasnovanih na
Citanju dodatnih ulaza i signala iz unutrasnjeg i spoljnog okruzenja) za
stvaranje preciznijih, kratkorocnih prognoza

e Superforecasting - ,,Predvidanje na osnovu potraznje“=“Demand
driven forecasting” buduci koncept upravljanja potraznjom. Uspesna
prognoza uzima u obzir podatke o stvarnoj (zeljenoj) potraznji kupaca
za proizvodom

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://www.revistaespacios.com/a16v37n05/16370506.html
https://www.wiley.com/en-us/Demand+Driven+Forecasting:+A+Structured+Approach+to+Forecasting,+2nd+Edition-p-9781118669396

Polazna osnhova

e Zapoceli smo sa izgradnjom kombinovanog modela (C MODEL) koji se
primenjuje za nivo centralnog magacina (CM nivo), kombinovanjem
tradicionalnog modeliranja (TM) sa elementima modela osetljivosti

na potraznju (Demand Sensing models - DeSe)

“M(.:smu‘n‘leng ‘& fascinating...” ]"«‘(\’,’l"‘:‘""""ﬂl"’v‘r"""\‘;
The Seattle Post.Intellig RE i”‘l"
id

THE POWER TO PREDICT WHO WILL
CLICK, BUY, LIE, OR DIE

ERIC SIEGEL

Fakultet organizacionih nauka, Univerzitet u Beogradu
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Razvoj modela

e Za komponentu TM planirali smo da koristimo podatke iz prethodnih
5 godina i primenimo tradicionalne statisticke metode: analizu
vremenskih serija (analiza komponenata trenda metodom pokretnog
proseka, itd.) | deskriptivnu analizu.

* DeSe komponenta odnosi se na domen modela koji nije obuhvacen
prethodnim statistickim metodama. Ukljucuje uticaj promocije,
pojavu novog proizvoda, uticaj makro okruzenja (novi konkurenti
(Lidl), drustveno-ekonomski trendovi na trzistu itd.)

@@:a Fakultet organizacionih nauka, Univerzitet u Beogradu
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Inicijalna matematicka formulacija modela

C MODEL = (TM + DeSe)*ew

Pri Cemu je ew - ponder (weighting component) predvidanja koja se
izvodi na osnovu unosa strucnog domenskog znanja (ew) iz internih
izvora kompanije (marketing, prodaja, nabavka, logistika, finansije).

* Trebalo je odrediti period predvidanja (dnevno, nedeljno, mesecno,
izmedu dve isporuke) prema utvrdenoj jedinici mere

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Procedura

- postepena primena modela u cilju procene prognoze, kroz tri koraka:
1. Model sadrzi samo TM komponentu: C MODEL (1) = TM2.
2. Ponderisanje modela): C MODEL (2) =TM * ew

3. UkljuCivanje DeSe komponente: C MODEL = (TM + DeSe) * ew

Fakultet organizacionih nauka, Univerzitet u Beogradu
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Evaluacija modela

- Bilo je predvideno da se procena vrsi a posteriori, uporedivanjem podataka iz
prethodnog perioda (t-2) i mere se razlika u izlaznom ucinku u odnosu na
stvarne poslovne rezultate u periodu (t-1).

- ...l onda...

7) Fakultet organizacionih nauka, Univerzitet u Beogradu



Project evaluation

Ten red flags signaling DS project will fail

The executive team doesn’t have a clear vision for its advanced-analytics programs
No one has determined the value that the initial use cases can deliver in the first year
There’s no analytics strategy beyond a few use cases

Analytics roles—present and future—are poorly defined

The organization lacks analytics translators

Analytics capabilities are isolated from the business, resulting in an ineffective analytics
organization structure

7. Costly data-cleansing efforts are started en masse
8. Analytics platforms aren’t built to purpose
9. Nobody knows the quantitative impact that analytics is providing

10.No one is hyper focused on identifying potential ethical, social, and regulatory
implications of analytics initiatives

o Uk WwNE

Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://www.mckinsey.com/business-functions/mckinsey-analytics/our-insights/ten-red-flags-signaling-your-analytics-program-will-fail

SCIENCE UNICORN

Naucnik za podatke (NzP) - Data Scientist

JUST DISCOVERED
THAT

HE DOESNT EXIST

@luisteloofles

Skills/knowledge needs:

 Mathematics (Linear Algebra and Calculus)

» Statistics Data Scignce

* Programming (Python, R, Julia, Scala, etc.)

° SQL Computer Machine Math and
Science Learhing Statistics

* Data Wrangling and preprocessing
e Data visualization

o

Unicorn
e Supervised Learning Traditional Traditional
« Unsupervised Learning o Resesl
* Deep Learning Subject Matter Expertise
* Big Data platform (Spark or Hadoop) .
¢ Cloud computing ERER

@m Fakultet organizacionih nauka, Univerzitet u Beogradu


https://towardsdatascience.com/how-the-80-20-rule-can-help-decide-which-skills-you-need-to-start-a-career-in-data-science-fd60766eba05

| ... Soft skills

,We often hear from employers (e.g., industry, governmental agencies,
NGOs) that they wish the students they hire had better soft skills, such
as communication skills, interpersonal skills, stress management

skills, etc...”

Highlights of the National Academies
Report on "Undergraduate Data Science:
Opportunities and Options”

An interview with Laura Haas and Alfred Hero by Robert Lue
by Laura Haas, Alfred Hero, and Robert A. Lue

Published on Jul 02, 2019

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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"SCIENCE °
UNICORN

NzP — post festum

* lluzorno je i nesvrsishodno ocekivati data science unigorn-a

* To svakako nije nemogude, ali ne predstavlja pravilo, nego izuzetak (stat. outlier
koji se eliminisSe iz dalje analize

“Od pocetaka razvoja nauke, kada su naucnici bili individualci koji su se siroko bavili
sa nekoliko naucnih oblasti, dosli smo u situaciju da naucnici moraju da
specijaliziraju veoma uske naucne oblasti, a pri tome moraju da resavaju

interdisciplinarne i multidisciplinarne probleme, sto se jedino postize timskim
radom” - Roncevic, S., M. Pavkov Hrvojevi¢ (2020).

n Josh Wills W Follow

Data Scientist (n.): Person who is better at

statistics than any software engineer and better at

software engineering than any statistician

<« *

@m Fakultet organizacionih nauka, Univerzitet u Beogradu
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http://www.trend.uns.ac.rs/stskup/trend_2020/radovi/T4.2/T4.2-1.pdf

©

Domain/Business expert

* Biased

I a B Biased
Bias

Bia:

Bias
Bias

Bias Bias

seBiasedr

Based Biased

Biased

Biased®
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THE ReEAL DATA SCIENTISTS OF THE ENTERPRISE

WHAT I COULD BE DOING WHAT PEOPLE WHAT I ACTUALLY PO
THINK I DO

https://www.tamr.com/blog/real-data-scientists-enterprise/

m Fakultet organizacionih nauka, Univerzitet u Beogradu
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NzP: realnost

® Building training sets: 3%

® (leaning and organizing data: 60%
® (ollecting data sets; 19%

® Mining data for patterns: 9%

® Refining algorithms: 4%

® Other:5%

[taken from CrowdFlower]

@ lm Fakultet organizacionih nauka, Univerzitet u Beogradu

........ Katedra za elektronsko poslovanje

What data scientists spend the most time doing
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Dobar NzP
66

» Koristi fleksibilan jezik za interpretaciju buducih pravaca
akcije: Na primer: umesto tvrdog ,,ZakljuCujemo®, iznece
zakljucak u formi ,Pitamo se da li...“.

* Nece koristiti termin ,,teskoce i problemi“, ve¢ ,izazovi”

* Ponudice oprez umesto prekomernog samopouzdanja kod
donosioca odluka

#21MondaysChallenge

Ronald H. Coase

99

Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://hbr.org/2018/12/what-great-data-analysts-do-and-why-every-organization-needs-them

Pogled u napred

~ Increasein Clearly Cr of Normalised Advancements
Data Science defined § s Data Science in ML to foster
Roles scope of i Education Data Science
Data Science

m Fakultet organizacionih nauka, Univerzitet u Beogradu
........ Katedra za elektronsko poslovanje



Edukacija

Kao sto su nam potrebni lekari primarne zdravstvene zastite i
medicinski specijalisti, tako su nam potrebni i naucnici za podatke
opste prakse i odgovarajuci specijalisti NoP-a kako bismo efikasno
odgovorili na brojne izazove definisane misijom NoP.

Potrebno je pazljivo planiranje na nivou drzave: obrazovanje NzP ne
moze se obaviti na adekvatan nacin u kontekstu usko strukturiranih
obrazovnih jedinica koje imaju ogranicene resurse (kao i sposobnost da

ih uvecaju). (Meng, 2019)

DatalSciencelinlEducation

" ol - -
@ ﬁ *_M JJlI
Improve Better Better Improve

Adaptive Parent Assessment Student’s
Learning Involvement of Teachers Performan

Regular
Updates in the
Curriculum

Better Student

Organization ' Recruitment
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https://hdsr.mitpress.mit.edu/pub/jhy4g6eg/release/7

Edukacija

PocCetak:

e 2005. godine, koled? u Carlstonu, Juzna Karolina, zapo¢eo je
cetvorogodisnji dodiplomski program prediktivne analitike,
masinskog ucenja i data mining-a.

DATA SCIENCE

IF YOU GREW UP WATCHING YOUR DAD DO
cool stuff in IT like Thomas Nash, you might buy into DEPARTMENT OF
data science early on. Or, you might just stumble

into it. Either way, if you choose this major, you'll be w
getting involved in the country’s first undergraduate GUIREUINS T L

program in this rapidly developing field. R 5'1

Thomas had no background in computer science when andersonpe2@cofc.edu

he first heard about the College's data science program. datascience.cofc.edu

Still, it grabbed him. “I enjoy math, problem solving and GRADUATES FROM OUR PROGRAM -
computers, so v}fhen | learned that this program Fombmes ST SF TG THE G
those, | said ‘This sounds awesome. | can take this major UNDERGRADUATES - ARE PREPARED
wherever | want. | can make it work for me.”” EOR HIGH-PAYING JOBS AND GRADUATE
PROGRAMS. THEY LEARN TO USE THE
TOOLS AND PROBLEM-SOLVING SKILLS

Thomas Nash 1)

Thomas took a programming class his first semester. “l was so nervous. | was thinking ‘how am |

going to make it in a degree where | have no idea what I'm doing. But | realized that | could do OF MATHEMATICS AND COMPUTER

this; | could learn new programming skills. | ended up loving that class, and discovered early on SCIENCE TO GATHER INFORMATION FROM

that this is what | want to do.” LARGE, MULTIDIMENSIONAL DATA SETS,
DATA STREAMS AND COMPLEX SYSTEMS.

These days, Thomas doesn't just study data science, he's contributing to the field as well. "l work WHETHER YOU PLAN TO CRUNCH NUMBERS

in the College's IT department as a student network engineer, and | also conduct research for FOR THE SPORTS ANALYTICS, PRECISION

the data science pragram, which focuses on developing and refining an open source software MEDIC USER DATA FOR

GOOGLE, YOU'LL GET THE REQUIRED
BACKGROUND HERE.

program called Learn2Mine. It's essentially a data mining teaching tool that helps introduce
students to data mining techniques.” His work has been partially supported by Boeing South

Carolina, which named him a Boeing Scholar each of the past two years. N WE OFFER 14 AREAS OF SPECIALIZATION.
Thomas traveled to Lithuania to present Learn2Mine at a conference. Along with two other N YOU CAN WORK IN FACULTY RESEARCH
students and a professor, he also traveled to New York City for another conference. “We visited LABS.

several tech companies there and came away with great insight into the industry. Because our 1M CAREER OPPORTUNITIES EXIST IN ALL
professor is well connected, it was an exceptional networking opportunity. Now, whether | go AREAS OF INDUSTRY, GOVERNMENT AND

on to work in cybersecurity, the aerospace industry or for a local startup, | know I'll have a strong BUSINESS.
background, and continue to have great support from my professors.” @&

» ) Fakultet organizacionih nauka, Univerzitet u Beogradu -
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Univerziteti - Svet

* Samo na GitHub platformi trenutno je registrovano 633 programa u oblasti Data

Science (nauka o podacima), Poslovne analitika, Big Data (analitike) i srodnim
Na dan 09.03.2021

poljima

O Education

Real-world tools, engaged students

Fakultet organizacionih nauka, Univerzitet u Beogradu


https://github.com/ryanswanstrom/awesome-datascience-colleges/blob/master/data_science_colleges.csv

Data Science inicijative

S100M Data science initiative launched

* The University of Michigan plans to invest $100 million over the next
five years (2016-2020) in a new Data Science Initiative (DSI) that will
enhance opportunities for student and faculty researchers across the
university to tap into the enormous potential of big data.

University of Michigan 2016 ANNUAL REPORT

, U-M researchers in the School
of Information and College

of Engineering analyzed
¥y 1.2 BILLION TWEETS

, in a recent study of how rumors
spread.

MICHIGAN INSTITUTE
FOR DATA SCIENCE
UNIVERSITY OF MICHIGAN

(@) EID] o i e SEMINAR ZA RACUNARSTVO | PRIMENJENU MATEMATIKU MI SANU
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http://finance.umich.edu/reports/2016/100-million-data-science-initiative-launched/

Data Science / Undergraduate Studies

e 2016. godine National Academies of Sciences, Engineering, and
Medicine of the United States osnovale su Committee on Envisioning
the Data Science Discipline: The Undergraduate Perspective.

e 2018. godine komitet je pripremio izvestaj (na 120 str.), u kome je
izneo viziju dodiplomskog obrazovanja iz NoP kako bi:

= razjasnili akademskim institucijama, industriji i studentima Sta je sto bi
naucnici za podatake u buducnosti trebalo da znaju,

= pruzili uvid u raznolikost postojecih akademskih programa i

* pomogli akademskim institucijama da razumeju kljucne aspekte u dizajniranju

dodiplomskog programa.”
http://nap.edu/25104

@[m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Data acumen / Undergraduate Studies

The heart of what a practicing data scientist must know, and therefore,

what a data science program must teach:
e Mathematical foundations,
e Computational foundations,
e Statistical foundations, DATA SCIENCE
e Data management and curation, okttt
e Data description and visualization,
e Data modeling and assessment,
e Workflow and reproducibility,
e Communication and teamworlk,
e Domain-specific considerations, and
e Ethical problem solving.

http://nap.edu/25104
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CS: Data Science Undergraduate Studies

Data Science Major

* https://data.berkeley.edu/academics/data-science-undergraduate-studies/data-
science-major

 DATA c104 Fall 2020 Syllabus:

https://data.berkeley.edu/academics/undergraduate-programs/data-science-
offerings/data-104-human-contexts-and-ethics-data/data

Data Science minor
https://statistics.stanford.edu/data-science-minor

Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://data.berkeley.edu/academics/data-science-undergraduate-studies/data-science-major
https://data.berkeley.edu/academics/undergraduate-programs/data-science-offerings/data-104-human-contexts-and-ethics-data/data
https://statistics.stanford.edu/data-science-minor

Data Science Inicijative — jos...

Studenti: We are the Data Science Initiative of Students of the University of Vienna! Anyone and
everyone interested in Data Science is welcome to participate in our ...

WWW.unhivie.ac.at > dsi-students

Organizacije

|EEE.org

The IEEE Signal Processing: Data Science in Signal Processing:
https://signalprocessingsociety.org/community-involvement/data-science-initiative

Biblioteke: News in Category: Data Science Initiative
https://www.library.ucsf.edu/topic/data-science-initiative/

Drzave
India: Data Science Research Initiative https://dst.gov.in/data-science-research-initiative

(@) EID] o i e SEMINAR ZA RACUNARSTVO | PRIMENJENU MATEMATIKU MI SANU


https://www.library.ucsf.edu/topic/data-science-initiative/
https://dst.gov.in/data-science-research-initiative

Drzavni programi

UK: Introduction to the Data Science Accelerator programme: a capability-building programme that gives
analysts from across the public sector the opportunity to develop their data science skills. It is supported by
the Government Digital Service (GDS), Office for National Statistics and the Government Office for Science and
Civil Service analytical professions (statistics, economics, operational research and social research).

https://www.gov.uk/government/publications/data-science-accelerator-programme/introduction-to-the-data-

science-accelerator-programme. Updated 17 July 2020

United States Department of Agriculture - National Institute of Food and Agriculture: Data Science for Food
and Agricultural Systems (DSFAS). The Agriculture and Food Research Initiative's Food and Agriculture Cyber
informatics and Tools (FACT) initiative seeks to catalyze activities that harness big data for synthesizing new
knowledge, making predictive decisions, and fostering data-supported innovation in agriculture.

https://nifa.usda.gov/program/dsfas

Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://www.gov.uk/government/publications/data-science-accelerator-programme/introduction-to-the-data-science-accelerator-programme
https://nifa.usda.gov/program/dsfas

DS - oblasti

EDA

Statisticko testiranje (A/B test)
Vremenske serije

Regresija

ML

Fakultet organizacionih nauka, Univerzitet u Beogradu
@liab] 9 9
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Klasifikacija je proces za otkrivanje kako objekat moze da bude

definisan u odnosu na drugi objekat.

Predvidanje je proces koji se vrSi na osnovu obrazaca i

verovatnoce.

STATISTICAL

METHODS
®nline A/B Testing

Statistics for data-driven business decisions
and risk management in e-commerce

GEORGI Z. GEORGIEV




Klasifikacija

Nehijerarhijska

Hijerarhijska

25




Regresija

LRM
Log-linearni modeli
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ML

Ucenje bez nadzora

Domen
problema

Ucenje sa nadzorom

Uzorci
Pojava ili Prikupljanje Selekcija koji nose

entitet podataka atributa znanje o
problemu

Uzorkovanje podataka :
1
1

Ucenje sa podrSkom

Nadgledano ucenje je zasnovano na obelezenim podacima i zakljucivanju iz podataka

X; - i-ti atribut
za trening. Linearna regresija je jedan primer.

Evaluacija modela Model pojave
i primena modela ili entiteta I1zbor

u reavanju algoritmaza

Nenadgledano ucenje je zasnovano na neobelezenim podacima i ¢esto funkcioniSe na analizama klastera. T koji utina uéenje
uzorcima

https://www.project-benefit.eu/eplatform/?courses=52&download=02-
Uvod%20u%20vestacku%20inteligenciju%20i%20masinsko%20ucenje%20(ll).pdf

m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Meaningful
Compression

Structure Image

) o Customer Retention
Discovery Classification

Big data Dimensionality Feature Idenity Fraud

isualistai i Classification Diagnostics
Visualistaion Reduction Elicitation Detection

Advertising Popularity
Prediction

Learning Learning Weather

Forecasting
L ]
Machine Y

Growth
Prediction

Recommender Unsupervised Supervised

Systems

Clustering Regression
Targetted

Marketing

Market
Forecasting

Customer

Segmentation L e a_ r n i n g

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement

Learning

Robot Navigation Skill Acquisition

Learning Tasks

https://towardsdatascience.com/machine-learning-algorithms-in-laymans-terms-

m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Machine Learning Algorithms

Deep Soitzmann Machine (DGN)
Deep Bebef Neoworks DENI |

Sacked Ano-Encoders
Randam Farest
Gradiere Boasting Machines ICBN)
Ecoong
Boorsrapped Apgregation Bagongl
AdaBoast
Sacked Cencrabzation Blendingl
Cradient Boosned Regression Trees ICBRT)
Radial Basks Funcoon Nerwork IREFNI
Percepuon

Ensemble

| Newral Networks

Back-Propaganon -
Hopdeld Network
Riige Regression
Least Absolte Shrinkage and Sekecrion Operanor (LASSOY

\ Rvguulubm
Blasnc Net

Least Angle Regression ILARSE
Cubkz
One Ruke (Onef)
Zero Rule (2erol)
Repeated Incremental Pruming o0 Produce Error Reduction (RIPPER)Y
Unear Regression

|

Qrdinary Least Squares Regression |0LSR)

Stepwiie Regression

Mubivariate Adaptie Regression Selines IMARS)
Localy Esomated Scanerphet Semcoting (LOESS)
Logisne Regression

Fakultet organizacionih nauka, Univerzitet u Beogradu
Katedra za elektronsko poslovanje

3 Regression

'] Rube System

https://www.datasciencecentral.com/profiles/blogs/a-tour-of-machine-learning-algorithms-

_Bayesian 1(

. Mstance Based

Caussian Nane Bayes

| Mutisomial Naive Baps.

Eayeiian Network 1EN)
Classification and Regression Tres (CART)

C Meranve Dihomomiser 3 (03]

CAS
5o
Chi-sguared Augeomati Inderachien Deteciicn (CHAK

Decision Tree

Cenditiznal Decisien Trees
M

_Princeal Compontrt Anahysis (PCA)
Partal Least Squares Regrassion (PLSK
Sammon Mapping
Mutdime nuomal Scaling (VS
Propection Pursust
Princigal Component Regresuon INOU
Paroal Least Squares Discriminant Analysts
Mictre Dicriminant Anabyus INDR)
Quadrane Dascriminant Analysts (GDR)
Reguiarized Oncriminant Arakus IRDA
Flexible Discriminam Analysis FOAI

. Linear Dicrimmant Amakyus 1LDW

k-Nearest Neighbour (kNN)
Leaming Vector Duantizcanon ILVID

( Selt-Grganizing Map |50M)

Locaby Weighted Learning IUAL

k-Means
k-Medins

Dimensonaliey Reducnon

Chusterin
' _ ( Expettanon Maximizaton

' Mierarchical Qussering




 Top 15 Websites for Data Scientists to Follow in 2021

Al & Machine Learning Data Visualization

1. Towards Data Science 8. Storytelling with Data

9. Tableau Viz of the Day

2. Analytics Vidhya

10. Information is Beautiful

3. KDnuggets

11. Nightingale

4. Springboard

Business Acumen

Data Engineering 12. Entrepreneur

5. Uber Engineering Blog 13. Forbes

6. Netflix Tech Blog 14. Business Insider

15. Hubspot

7. Airbnb Engineering & Data Science

@m ngultet. organizacionjh nauka7 Univerzitet u Beogradu


https://medium.com/analytics-vidhya/top-15-websites-for-data-scientists-to-follow-in-2021-67352092c54d
https://towardsdatascience.com/
https://www.analyticsvidhya.com/blog/
https://www.kdnuggets.com/
https://www.springboard.com/blog/
https://eng.uber.com/
https://netflixtechblog.com/
https://medium.com/airbnb-engineering
http://www.storytellingwithdata.com/
https://public.tableau.com/en-gb/gallery/?tab=viz-of-the-day&type=viz-of-the-day
https://informationisbeautiful.net/
https://medium.com/nightingale
https://www.entrepreneur.com/
https://www.forbes.com/
http://www.businessinsider.com/
https://www.hubspot.com/

The Most Popular Tools and Software for Data Science

DATA MANAGEMENT
. Hadoop

. MongoDB

. MysaL

. Neodj

. SAP HANA

. Hive

. Apache Spark
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. RapidMiner

DATA VISUALIZATION
9. Microsoft Power Bl
10. Tableau

11. QlikView

12. TIBCO Spotfire
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DATA ANALYTICS

13.
14.
15.
16.
17.
18.
19.
20.

Python

R

SAS
MATLAB
SPSS
STATA
RiverLogic

SAP Lumira


https://towardsdatascience.com/top-20-most-popular-tools-for-data-science-93c5618893a4

Python biblioteke za Data Science

NumPy - biblioteka za analizu podataka za Python. Python nema ugradenu strukturu niza
podataka i treba da upotrebimo biblioteku za efikasno modelovanje vektora i matrica. U
NoP su nam potrebne ove strukture podataka da bismo izvrsili jednostavne matematicke
operacije.

SciPy - biblioteka koja sadrzi algoritme koji se koriste u NoP. Komplementarna biblioteka
za NumPy koja pruza sve potrebne napredne algoritme, bez obzira da li su to algoritmi
linearne algebre, alatka za obradu slika ili operacija nad matricama.

Pandas — Obezbeduje brze, fleksibilne i ekspresivne strukture podataka, kao Sto su
jednodimenzionalne serije i dvodimenzionalni DataFrames. Efikasno ucitava formate i
obraduje slozene tabele razliCitog tipa.

Scikit-learn - Pythonova %)Iavna biblioteka za masinsko ucenje. Zasnovana je na NumPy i
SciPy bibliotekama. Obezbeduje funkcionalnost koja je potrebna za izvrSavanje
klasifikacije i regresije, obradu podataka i za nadgledano i nenadgledano ucenje.

TensorFlow — Google-ova biblioteka za neuronske mreze, pogodna za implementiranje
dubokog ucenja VI. Moze se upotrebiti za reSavanje razliCitih problema numericko
izraCunavanja. Neki oblici primene ove biblioteke u realnom svetu ukljucuju , Googleovo’
prepoznavanje glasa i identifikaciju objekta.

(

Artificial Intelligence and Machine
Learning Fundamentals Zsolt Nagy

Fakultet organizacionih nauka, Univerzitet u Beogradu (20 18)



Top 20 R Libraries for Data Science

+ powerful library for data wrangling
é dplyr

136 « works with local data frames and remote database tables « transparent tool for easy dynamic report generation in R

*, pecise and simple command syntax 3 « enables integration of R code into LaTeX, LyX, HTML, Markdown, AsciiDoc, and
3 - o oeation of g dita < reStructuredText documents
E data.table 43 - laconic flexible syntax and a wide suite of useful functions E
2 « friendly file reader and parallel file writer « + next generation implementation of R Markdown based on pandoc
3 a set of functions to work with date and time format ; * many static and dynamic output formats
. i - J A ‘.3t
* lubridate 45 + easy and fast parsing of date-time data S abilities to define new formats for custom publishing requirements
< + expanded mathematical operations on time data a
8 o
robust and quick parsing JSON objects in R a - generates reproducible htmliS slides from r markdown
. 1l i i 3 <
jsonlite 1 - great tool for interacting with web APIs and building pipelines z S‘KM:Y - allows ('““beddfd code chunks and mathematical formulas
 functions to stream, validate, and prettify JSON data + rich sharing and customizing opportunities
+ powerful implementation of the grammar of graphics visualization ) 3 e <
+ developed static graphics system mir extensible f_ramev« ork fpr (lassm(atlon,_ regression, survival analysis, and clustering
- + takes care of plot specifications + easy extension mechanism through S3 inheritance
9
<
5 - abilities to visualize correlation matrices and confidence intervals o :
a Corrplot « contains akgorithms to do matrix reordering dmic implementation of the Gradient Boosted Decision Trees algorithm
2 « flexible appearance details settings XGBoost + reach tools for regression, dassification, and ranking problems
a + high speed and performance
=
° = + high-level visualization system
attice + emphasis on multivariate data I~ ;
 efficiently copes with nonstandard requirements = - many models for classification and regression
: caret \
« - powerful tools and algorithms for creating predictive models
-
m « rich features and plenty of available charts ;
plotly : :v;ﬁti‘:‘ﬁ)dr;‘ﬁ?“ ",’(;lbz”"'d;"gll’;‘;?!::;ffg i « represents Generalized Boosted Regression Models
g S gbm « includes plenty of regression methods
z + tools variable selection and final stage precision modeling
ggvis + implementation of an interactive grammar of graphic

+ incorporates shiny reactive programming model and dplyr grammar of data transformation < hi gh quality forecasts for time series data

Prophet - manages data that has multiple seasonality with linear or non-linear growth
- displays R matrices and data frames as interactive HTML tables « robust to missing data, shifts in the trend, and large outliers
DataTables - (reates sortable tables with a minimum of code

+ many useful features and styling options for tables

HTML WIDGETS

« implements Breiman's random forest algorithm for classification and regression

randomforest + builds multiple decision trees and gives back the mean prediction of the individual trees

E‘?‘; + interactive JS charts from R
Wi

harts + tools for creation, customization, and sharing

reated by ActiveWizards

vdated: December 2017

https://medium.com/activewizards-machine-learning-
https://www.kdnuggets.com/2018/05/top-20-r-libraries-data- company/top-20-r-libraries-for-data-science-in-2018-
science-2018.html infographic-956f8419f883



10 Most Frequently Asked Questions In Data Science
Interview

What is regularisation? Explain L1 and L2 regularisation.
How Data Science differs from Big Data and Data Analytics?
How do Data Scientists use statistics?

Why data cleansing is important?

What is Linear and Logistic Regression?

What is Normal Distribution?

Difference between Interpolation and Extrapolation

What is a recommender system?

Between R and Python, Which one would you choose for text
analysis?

10| Explain A/B Testing

O 00 N O U1 B WIN -

https://www.analvticsindiamag.com/lO-most-frequentlv-asked-questions-in-data-science-interview/
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https://www.analyticsindiamag.com/10-most-frequently-asked-questions-in-data-science-interview/

,Data science is here to stay*

Rachel Schutt’s: Introduction to Data Science class in the
Columbia University Statistics Department. 2012

, Let us own data science:
Think or sink; Compute or concede; Lead or lose”

/GDUIGI’
science

Bin Yu, Chancellor’s Professor of Statistics and EECS, University
of California at Berkeley, Presidential Address on Australian
Statistical Conference in Sydney (July 9-14, 2014), a joint
meeting of the Statistical Society of Australia and Institute of
Mathematical Statistics

|

Deta statistics

science
Domain

Fakultet organizacionih nauka, Univerzitet u Beogradu
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https://imstat.org/2014/10/01/ims-presidential-address-let-us-own-data-
science/



https://imstat.org/2014/10/01/ims-presidential-address-let-us-own-data-science/

DATA SCINECE: SCINECE OR
BUZZWORD?

* Oboje

e Ukoliko se koristi mora biti nauka

» Ukoliko se ne koristi moZze biti buzz | ‘k {
an

% Analytics for
_Ordinary People

|
I
|
[

ajdoad AleuipiQ 1o} saleuy pue aousios ejeq

QOutside of the killings, Washington
has one of the lowest crime rates in
the country.

AZQUOTES
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Kako do posla

* Predavac

lllustration by Daniel Baxter
https://harvardmagazine.com/2020/11/features-school-goes-remote

o= m Fakultet organizacionih nauka, Univerzitet u Beogradu .
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../../../Radovi/2020/SANU/Assistant Professor of Economics with a special focus on Data Science.docx

* Massive-scale Graph * Cybersecurity

* Geospatial Temporal Predictive Analytics * Internet of Things (Smart City, Industry 4.0)
* Hyperfast Analytics * Healthcare

* Embedded Deep Learning * Compliance

* Natural Language Generation * Customer Engagement & Experience

* Structured Database Generation * Human Capital

* Cognitive Machine & Federated Learning * Data for Social Good

* Fully automated Machine Learning * Smart Everything

based on Kirk Borne (Booz Allen Hamilton) Slide

https://twitter.com/KirkDBorne/status/1115673400859615233/photo/1

m Fakultet organizacionih nauka, Univerzitet u Beogradu
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Future — 4.0 Analytics

@liab]

Era One: Artisanal Analytics - this methodology was primarily geared
towards producing insights for internal decision-making using small-
scale, structured datasets.

Era Two: Big Data Analytics
Era Three: Data Economy Analytics

Era Four: Autonomous Analytics - machines not only perform the
analysis; they also act on the insights, making decisions faster and more
efficiently than any human could - Automated Data Science.

— The Cognitive Era

Thomas Davenport of Babson College, Harvard Business School and the MIT

Fakultet organizacionih nauka, Univerzitet u Beogradu


https://slideplayer.com/slide/10193362/
https://medium.com/predict/four-eras-of-analytics-and-data-science-e3f2ba5e89a7

Future

ATIMELINE OF QUANTUM COMPUTING

PHENOMENOLOGICAL PHASE

1950s - 1990s 1990s - 2000s

Establishment of
fundamental mechanisms
with physical apparatus

Primarily theoretical
research, with limited
physical experimentation

Fakultet organizacionih nauka, Univerzitet u Beogradu
Katedra za elektronsko poslovanje

SYSTEM PHASE
2015 - 2025

COMMERCIAL PHASE

2010s 2025 and beyond
Development of quantum
processors and rudimentary
quantum computers

System-level engineering
for practical quantum
computers

Production use of quantum
computing systems to solve
real-world problems

https://www.intel.com/content/www/us/en/research/quantum-
computing.html


https://www.intel.com/content/www/us/en/research/quantum-computing.html
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Introduction to Data Science

Learn about the world of data science first-hand from real data
scientists.

Choose your session:

® (@)

Starts Mar 9

Soian Starts Jul 1

62,437 already enrolled!

O 1 would like to recei
Enroll now about other offer

Data Science.

mail from IBM and learn
related to Introduction to

This course is part of a Professional Certificate

About this course ® Length: 6 Weeks

The art of uncovering the insights and trends in data has been around for

centuries. The ancient Egyptians applied census data to increase efficiency @ Effort: 3G hpurs per

in tax collection and they accurately predicted the flooding of the Nile river waek

every year. Since then, people working in data science have carved out a

- ® Price: FREE

Add a Verified

© More about this course Certificate for $39
uUsD

https://www.edx.org/course/intro-to-data-science

Katedra za elektronsko poslovanje


https://www.edx.org/course/intro-to-data-science

Preporuka — za pocetak

Practical
Statistics

for Data Scientists

W

* ProcCitane knjige su daleko manje vredne od neprocitanih
(Taleb, 2010, 33)

!’M m ngqltet. organizacipnjh nauka? Univerzi?et u Bepgradu



https://math2510.coltongrainger.com/books/2017-bruce-and-bruce-pratical-statistics-for-data-scientists.pdf

Ako zelite
natprosecne
rezultate, ne
mozete da radite
obicne stvari

- Hvala na paznji

“3HaHUA He umerom HUKaKoU YeHHOCmMuU, ecau Ux He npumeHsameo HaA npakmuke”
- AHTOH Yexos (1860-1904)


https://towardsdatascience.com/the-economics-of-getting-hired-as-a-data-scientist-e3882933b43c
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