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Introduction to Statistical Programming

The purpose of the lecture is to orient students in the field of technologies and
methodologies for analyzing big data, to gain knowledge about the main tasks
facing the science of data, about the software used in this area.

As a result of studying the lecture materials, you will know what data science
is, what skills a specialist in this field should have, what software tools help to
analyze big data.
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Since 2013 BIG DATA as an academic subject is
studied in the emerging university programs on
the subject DATA SCIENCE

wikipedia.org
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Lecture questions:

1. The purpose and content of the course

2. What is a Data Science, who is a Data Scientist and what
should he be able to do?

3. Big data exploration software

4. Areas of application and examples of using the
programming languages R and Python
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Literary sources:

1. Data Science Skills. Alexey Voronin. Source:
https://habrahabr.ru/post/271085/

2. Do you need to learn the R language? Katherine Delzell. Source:
https://www.ibm.com/developerworks/ru/library/bd-learnr/

3. Python 3 programming language for beginners and dummies.
Portal: https://pythonworld.ru/



Data

Is an ocean full of sea creatures

but until they are caught, S|,

no benefit from them !!!
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Differences between traditional databases and Big Data l

Characteristic Traditional database Big data database

Amount of From gigabytes (1079 bytes) From petabytes (10715 bytes)

information to terabytes (10712 bytes) to exabytes (10718 bytes)

Storage method Centralized Decentralized

Data structuring Structured Semi-structured or
unstructured

Data storage and Vertical model Horizontal model

processing model

The relationship of strong weak

data
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Differences between traditional databases and Big Data
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Characteristic

Traditional database

Big data database

Amount of From gigabytes (1073  From petabytes (10715
information bytes) to terabytes bytes) to exabytes (10718
(10712 bytes) bytes)

Storage method | Centralized Decentralized
Data structuring | Structured Semi-structured or

unstructured

Data storage
and processing
model

The relationship
of data

Vertical model

strong

Horizontal model

weak
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Global data growth
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90% of all information generated over the past 2 years
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Facebook stores and processes B I G
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10 trillion gigabyte annual amount of data processed in 2016
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Big Data Sources ‘
1. Social Networks

Ceiu 2. Machine data
,\ 3. Transaction Data
Big Data

Platform

helps reliably store, access and

analyze any data regardiess of
how fast 1t & mowi v

e
today’s emerging technology
that will help make sense of

‘ They can also be divided
| into:

/+ current and historical obtained from open and
| closed sources, structured and unstructured.




Data science is a new discipline that draws on
knowledge in statistical methodology and
computer science to create impressive forecasts
and ideas for a wide range of traditional scientific

fields.http://datascience.harvard.edu/

12
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Directions of research in the field of Data Science

-""I

56
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* Cloud computing

e Databases and information

* integration Signal processing

Learning,

Natural Language Processing, and Information
Retrieval

Computer vision

* Information Search

Discovery of knowledge in social and information
networks

* Information visualization
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Who is a Data Scientist?

Data Scientist - data scientist is a kind of hybrid
statistics and programmer

- this is someone
who understands
statistics better
than any
programmer,

and better versed in
programming than any
statistician.

Statistical programming languages 14



Proficiency Requirements (hard skills)

Mathematics and statistics -
135
p z 53 %
Machine learning e
- 49 %
Computer science = —= 555
- 48 %
Data mocdeling — 140
= 29 %
Data mining — 53
: e 123%
Data visugzlization T 123
18 %
Software development 135
P 117 %
Quazlity assurance » 5
) L 14%
Reporting Bz, T
Operation research 112 16!
10 %
Data cleanup = - 133
s 10 %
Text mining i 278
Unstructured analytics 10 96 -
< 9 %
Micresoft Office — g
Scripting skills 9
135
NcToYHmK:

I Peiitunr, % [’ 3apnaara, Teic. USD B rog I https://habrahabr.ru/post/271085/
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What is advisable to know before learning the R and Python languages??

e Statistical Data Analysis Methods
* Probability theory
* Mathematical analysis

* Linear algebra

* Data mining
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3. Big data exploration software

Wikipedia tells us that to date, dozens of software
products have already been developed for data

analysis, in particular, statistical processing. Consider
briefly the most popular among them.



The core Data Scientist toolkit is the Python and R programming languages ‘

56 %

Python 135
& 52% s
Hadoop s . B 135
SAS 27 % -
Java 127 % s
Matlab 20 140
L= — 145
spss 411 % _—
Tableau - 11 .
Linux ke
135
Spark § -
el i 143
McecngeDB . % 138
MysQL | 6% e
Scala 6.5

110
https://habrahabr.ru/post/271085/

| [ Peiitunr, % I’ 3Sapnnara, tbic. USD B rog I
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Statistical tools can be divided into three types :

* programs with a graphical interface based on the
principle of “click here and get the finished result”
(PRISM, Statex);

e statistical programming languages that require basic R
and Python programming skills;

* "mixed", in which there is a graphical interface (GUI),
and the ability to create script programs (for example:
SAS, STATA, Rcmdrr).



What is R?

Programming language and development environment for statistical
computing and graphics GNU Open Source Project

A variety of statistical and graphical methods (linear and non-linear
modeling, statistical analysis, time series analysis, cluster analysis, ...)

Functionality greatly expanded with packages

Works under UNIX, Windows, MacOShttp://www.r-project.ora/
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Why R?

Absolutely free

A language specifically designed for statistical analysis
Huge data visualization capabilities

Over 5000 extension packs

Develops faster than any commercial software

Hundreds of books, “The R Journal”, “Journal of Statistical
Software”

A huge number of users (> 3 million, 2016)

Support, fast error correction
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R graphics capabilities
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HISTORY OF THE R LANGUAGE

R -dialect of SqlS was created in
1976 at Bell Labs

"R is a programming language for statistical
data processing and graphics, as well as a free
and open source computing environment
under the GNU project.»

Wikipedia
The R language was created in 1991 by statisticians Ross And Haka and Robert Gentleman
(University of Auckland, New Zealand)
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2. Installation

R:
@ —> http://cran.r-project.org

RStudio:

@ —> RStudio: http://rstudio.org
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2. R

“— [ o ‘ @ Hagexwuwid | https://cran.r-project.org

i2f Cepeucer @ Cosaanwe nabopato u Beegerwve e R: wacTe m Beegerve & R: wact: m Beegerwve & R: wacTe u Beegeruve e R: wacre m Beegerwve B R: wacte Vs Google Chrome

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages. Windows and Mac users most likely
want one of these versions of R:

CRAN e Download R for Linux
Mirrors e Download R for (Mac) OS X
What's new? e Download R for Windows
Task Views
Search R is part of many Linux distributions. you should check with vour Linux package management system in addition to the
link above.
‘F’i(bl-ollc:trrfe T— Source Code for all Platforms
& Jomepage
The R Journal Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source
e code. The sources have to be compiled before you can use them. If you do not know what this means, you probably do
RoSo:z‘ces not want to do it!
% e The latest release (Friday 2017-06-30. Single Candle) R-3.4.1 tar gz. read what's new in the latest version.
ackages
Other e Sources of R alpha and beta releases (daily snapshots. created only in time periods before a planned release).
Documentation e Daily snapshots of current patched and development versions are available here Please read about new features
i\:/IA—anuals and bug fixes before filing corresponding feature requests or bug reports.
s
Contributed e Source code of older versions of R is available here.

e Contributed extension packages

Questions About R

e If vou have questions about R like how to download and install the software. or what the license terms are. please

read our answers to frequently asked questions before you send an email.
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Installation file

& C | & Hagexnuit | https://cran.r-project.org

HH Cepeucel [ Cospanue naboparo m Beeaexve & R: wacte u Beeaexve & R: wacts m Beeaerve & R: wacte m Beeaerve & R: wacte m Beegerve e R: wact: W3 Google Chrome

R for Windows

Subdirectories:
tise E?inaries for base distribution (managed by Duncan Murdoch). This is what you want to install R for the first
i time.
CRAN : Binar_ies of contributed CR_A.\' packages (for R ==211x; _rnzmaged by Uwe Li_gges). There is also information
\{m;rs contrib on third party software available for CRAN Windows services and corresponding environment and make
= variables.
What's new? ) Ty ) . . )
Task Views old contrib Binaries of contributed CRAN packages for outdated versions of R (for R = 2.11 x: managed by Uwe Ligges).
Search R Tools to build R and R packages (managed by Duncan Murdoch). This 1s what vou want to build your own
packages on Windows, or to build R itself.
About R
R Homepage Please do not submit binaries to CRAN. Package developers might want to contact Duncan Murdoch or Uwe Ligges directly in case of questions /
The R Journal suggestions related to Windows binaries.
Software You may also want to read the R FAQ and R for Windows FAQ.
R Sources
R Binaries Note: CRAN does some checks on these binaries for viruses, but cannot give guarantees. Use the normal precautions with downloaded executables.
Packages
Other
Documentation
Manuals
FAQs
Contributed
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(&Y www.cranr-projectrg - 146 Taic. X

> C O

CRAN
Mirrors
What's new?
Task Views
Search

About R
R Homepage
The R Journal

Software
R Sources
R Binaries
Packages
Other

Documentation
Manuals

FAQs
Contributed

@ cran.r-project.org

(R The Comprehensive R Archive N: X +

* @ ad

The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of
these versions of R:

e Download R for Linux

e Download R for (Mac) OS X

» DownloadR for Windows <
R 1s part of many Linux distributions, you should check with your Linux package management system in addition to the link
labove.

Source Code for all Platforms

(Windows and Mac users most likely want to download the precompiled binaries listed in the upper box. not the source code. The
sources have to be compiled before you can use them. If you do not know what this means. you probably do not want to do it!

o The latest release (2019-07-05. Action of the Toes) R-3.6.1 tar gz read what's new in the latest version.
o Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

o Daily snapshots of current patched and development versions are available here. Please read about new features and bug
fixes before filing corresponding feature requests or bug reports.

» Source code of older versions of R is available here.

o Contributed extension packages

Questions About R

o If you have questions about R like how to download and install the software. or what the license terms are, please read our
answers to frequently asked questions before you send an email.
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RGui 1s the standard that comes with the package itself. RGui 1s
fast to download and quite easy to use.

It has three kinds of windows:

console;

the script window;

graphics device window.

In the console, R commands are typed and sent to execute (by
pressing Enter)
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3 R GUI

~

R R Console

R version 3.6.1 (2019-07-05) -- "Action of the Toes"
Copyright (C) 2019 The R Foundation for Statistical Computing
Platform: x86_64-w64—mingw32/x64 (64-bit)

R -- 370 ceobonxoe IO, M OHO mocTaBiaseTcH 6e30 BCAKMX IapaHTMil.
BH BOJIbHH pPacnpoCTPaHATbL €ro Npu cobinAeHVMM HEKOTOPHX YCJIOBMMA.
BeemuTe 'license()' ans nonydenus Bosee noapoBHon mudOpMaLym.

R -- 3TO NpoexT, B KOTOPOM COTPYAHMYaeT MHOXECTBO pa3pabGoTuMKOB.
BeemuTe 'contributors()' ang NOayYeHUS AONONHUTENLHOM MHOOpMauuM U
'citation()' Ong O3HaAKOMIEHMA C NpaBMiIaMM ynoMmMHazHMA R M ero naxkerTos
B nyBimMraumax.

BeeguTe 'demo()' ans 3anycka OEeMOHCTpPaUMOHHHX Oporpamd, 'help()' -- ans
nosydeHus cnopaBkM, 'help.start()' -- ansg ZocTyna K copaBke uepes Bpaysep.
Beemure 'q()', u¥robm BE¥ITM U3 R.

[B3arpy=meHo paHee coxpaHeHHOoe pafodee NpPOCTPaHCTEO]

>
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4. RStudio: http://rstudio.org

File Edit View Workspace Plots Help

@7 diamondPricing.R* » | diamonds »* =]
J [|Sourceonsave @& 7 ~| [~ Run Line(s) = Run All
library(ggplot2)

View(diamonds)

summary (diamonds)

summary (diamondsSprice)

aveSize <- round(mean(diamondsscarat),4)
clarity <- levels(diamondss$clarity)

gplot(price, carat, data = diamonds)

qgplot(price, carat, data = diamonds, color=clarity,
xTab "Price”, ylab = "Carat™,
main = "Diamond Pricing”) +
opts(plot.title = theme_text(size = 22))

Console —/ =
1st Qu.: 4.710 1st Qu.: 4.720 1st Qu.: 2.910 =
Median : 5.700 Median : 5.710 Median : 3.530
Mean : 5.731 Mean 25735 Mean ::3.539
3rd Qu.: 6.540 3rd Qu.: 6.540 3rd Qu.: 4.040
Max. :10.740 Max. :58.900 Max. :31.800
> summary(diamondsSprice)

Min. 1st Qu. Median Mean 3rd Qu. Max.

326 950 2401 3933 5324 18820

> aveSize <- round(mean(diamondsScarat) ,4)
> clarity <- levels(diamondsSclarity)
> gplot(price, carat, data = diamonds)
> gplot(price, carat, data = diamonds, color=clarity, xlab =
“"Price”, ylab = "Carat™, main = "Diamond Pricing™) +
opts(plot.title = theme_text(size = 22))
>

I

[l

‘Workspace History
<% load~ [-] Savev | #*Import Dataset~ & Clear All

Data
diamonds 53940 obs. of 10 variables
Values
aveSize 0.7979
clarity character[8]
Files Plots Packages Help
< 42 Zoom | & Export () Print | 3 Clear All
Diamond Pricing
. clarity
d =il i1
s sI2
37 =l S
= .+ vs2
(&)
~ - vs1
+  wvvs2
s vvst
7
s F
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R Studio is an integrated development environment (IDE)

€) Rstudio [E= e X

File Edit Code View Plots Session Build Debug Tools Help

Ql-lse- B Bl E K| Project: (None) v
@ script.R* pre) | Environment = History =]
"] Source on Save > | & ~#Run &% | “Source ~ = B3 +»Import Dataset~ @ List~ k
O |5 Bsucmse | 2 2 workspace,
3 - package:datasets
. . 4 # PaccmMoTpuM Tabnuuy C AaHHBIMM O CKOPOCTM  pata -
Scrl t Wlndow 5 # LBUXEHUA MaWWH U WX TopMmo3Horo nytu (cars) - 500b £ 1abl
p 5 @cars obs. o variables | | command
7 str(cars) values
8 summary(cars) ability... <Promise [1.
13 head(cars) airmides - ie IStory
11 # Bu3yanusupyewm AaHHbe U KOPPEenauumio Mexay CKOPOCTbio W = ATFP355§" &
12 # TOPMO3HLIM NyTeMm airquality
13 attach(cars) anscombe Promise -
14 hist(speed, breaks = 10, col = "Tight blue")
15 hist(dist, breaks = 10, col = "pink") Files Plots Packages Help Viewer —{=)
16 Tot(speed, dist, main = "Corr: speed and dist", pch=21, - = =
17 < bZ:"thtgreen") . G =] 2 zoom | Hexport~ | Q|| ¥ & 4.
18 cor(speed, dist) b |
19 Tegend("topleft”, "R = 0.81") i
§<1> detach(cars) i Histogram of speed
< | m | »
FR— gl -
15:1 (Top Level) = R Script ¢ k f Id
_— s Working roider,
Console -/ = .
3rd Qu.:19.0 3rd Qu.: 56.00 = T h
Max.  :25.0 Max. :120.00 § grap Ics}
> head(cars) ol ° " d k
I i speeg d1'512: 2 3T |nSta e pac ag
@
CO.nSO € 2 4 10 T es
window s & 2
4 7 22
5 8 16 F -~
6 9 10 [ T I I 1
> # BU3Yanu3upyem AAHHLIE W KOPPEeNAuMI Mexdy CKOPOCTb M 3 5 10 15 20 25

> # TOPMO3HbIM MyTeM
> attach(cars)

> hist(speed, breaks = 10, col = "light blue") speed
>
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4. RStudio: installation file

& R: Aranus u Busyanusaun ® RStudio

[« B W © rstudio.org/download/

Home Screenshots Download Docs Support Development Blog

Download RStudio v0.94

If you run R on your desktop:

I t ‘Pownload RStudio ISesktop < [I

m

OR

If you run R on a Linux server and want to
enable users to remotely access RStudio
using a web browser:

T - e |
T = ‘ Download RStudio Server

& RStudio - Google C... {l&] Microsoft PowerPor... = Total Commander 7... ® RStudio o ) 1:47P
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{ . RStudio: installation file

&8 RStudio

4]
0
P
[
0
o]

@® rstudio.org/download/d

Home Screenshots Download Docs Support Development Blog

Download RStudio Desktop

RStudio v0.94 — Release Notes

RStudio requires R 2.11.1 (or higher). If you don't already have R, you can download it here.

Recommended For Your System Size Date MDS
?’! RStudio 0.94.84 - Windows XP/Vista/7 15.8 MB 2011-06-19 bebb3d530508£4561a7efe8cacE78sch
All Platforms Size Date MD5 =
RStudio 0.94.84 - Windows XP/Vista/7 15.8 MB 2011-06-19 bebb35d530908£45€61a7efe8cacE785chk
RStudio 0.94.84 - Mac OS X 10.5+ 40.1 MB 2011-06-19 27519d2cSb26ae8274a5854e25%e5e184
RStudio 0.94.84 - Debian 6+/Ubuntu 10.04+ (32-bit) 233 MB 2011-06-19 704928le3%24a54649a82

RStudio 0.94.84 - Debian 6+/Ubuntu 10.04+ (64-bit) 23.7 MB 2011-06-19 28e£4cll23c3bs
RStudio 0.94.84 - Fedora 13+ {32-bit) 233 MB 2011-06-19 dfc8£cZ6014££4
RStudio 0.94.84 - Fedora 13+ (64-bit) 23.5 MB 2011-06-19 8cSabfbfa5113%a654d!

€0d1801d

Zip/Tarball

If you need an installer-less version of RStudio (for example, if you don't have administrative/root privileges on your
computer) you can download a zip or tarball containing the RStudio binaries. Show zip/tarball downloads

Source Code

A tarball containing source code for RStudio v0.94.84 can be downloaded from here. L

Microsoft Pow otal Commander RStudio

Statistical programming languages 33



Exercise

S

Go to the site R-project.org and check out its
main sections

From the “Documentation/Manuals” section,
download the PDF files "An Introduction to R"
and " R Data Import/Export”

Note the “Documentation " section”
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Introduction to Python

Python was created by Guido van Rossum in 1991.
Named the TV show after " Monty Python's flying
circus»

The emphasis on performance and readability remains
in this language.

Releases of the language:

Python 1.0-January 1994

Python 2.0-October 2000

Python 3.0-December 2008

Current versions:

e 2.7.8 Python

 Python3.4.1
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pgao N Advantages of using Python

* Software quality - Python code is easier to read, which
means it is much easier to reuse and maintain

e Support libraries-Python allows expansion both through
your own libraries and through libraries created by
other developers

* Development speed - the amount of software code is
usaally a third, or even a fifth, of equivalent C++ or Java
code

* Portability of programs to other operating platforms
without changing the code
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Software installation : Python 3.1

 python’

About Downloads Documentation

Python » Downloads »»Windows

https://python.org/downloads/windows/

Python Releases for Windows

= Latest Python 2 Release - Python 2.7.7

= Latest Python 3 Release - Python3.4.1 —iff—————

Python2.7.7 - June 1, 2014

= Python3.4.1-May 19, 2014

Python 2.7.7rcl - May 17, 2014

Python 3.4.1rcl - May 5, 2014
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Software installation : PyCharm (IDE)

JET
BRAINS ALLTOOLS IDEs .NET&VISUALSTUDIO TEAMTOOLS LANGUAGES STORE SUPPORT WE ARE JETBRAINS (Q‘ Q

PyCharm What's New 2071 Features Docs & Demos Buy Download

https://www.jetbrains.com/pycharm/download/

Download PyCharm

Windows macO0S Linux
< Professional Community
Full-featured IDE Lightweight IDE
e for Python & Web for Python & Scientific
= ‘7 ) development development
pril 12, 2017
tem requirements Free trial Free, open-source
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PyCharm (IDE) - - integrated development environment(IDE)

Pythonlntroduction - | ~/PycharmProjects/Pythonintroduction] - .. Jlesson 1task1/hello world.py « PyCharm Educational Edition 1.0
Ble Edt View Navgate Code Refactor Ayn WS Window Help
Pythonintroduction ' [ lessonl - [ taskl | @ hello_ world py

hellowordd ~ b & Q
7 Propect . Q& 0 B hello workdpy *
ction to Python

uction

v Tank Tet

Vil |

8 hello_world py Traditionally the first progras you write in any programsing language 1s “Hello world:®

Introduce yourself to the Nerld
o Congratulations
Ve [0

|l‘ltl‘0duct|0n to Python 1 print(“Hella, world! Ny mase is pythemeorle™)
Author: PyCharm

introduction course to Python

0 of 10 lessons completed

1 of 50 tasks completed

49 of 50 tasks left

[}
Hello, world! My name 1% pythonworld

&, Pythen Conscle B 4 M

21 UTF8: &

Statistical programming languages 39



4. Applications and examples of the R and Python programming languages '

R is used in Google for:
Parallel statistical prediction on big data —
-to improve the effectiveness of Google's online advertising.

- study the effectiveness of search advertising in Google (so, with R, it was found that search
advertising gives an additional 89% of web traffic)
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a Where is Python used? |

pgthon

Google uses Python in its search engine and pays for the work of the Creator of Python-Guido van
Rossum

* Companies such as Intel, Cisco, Hewlett-Packard, Seagate, Qualcomm, and IBM use Python to test
hardware

* YouTube's video sharing service is largely implemented in Python

* NSA uses Python to encrypt and analyze intelligence

* JPMorgan Chase, UBS, Getco and Citadel use Python to predict the financial market

* The popular program BitTorrent for file sharing in peer to peer networks is written in Python

* Google's popular App Engine web framework uses Python as an application programming
language

* NASA, Los Alamos, JPL, and Fermilab use Python for scientific computing.
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Conclusions of the lecture

WE
LEARNED:

OO OCO O d3

c

What is Big Data

What does data science do

Features of the profession Data Scientist
Software tools for data analysis implementation
Purpose and benefits of using statistical data
processing languages R and Python

Areas of application of these software tools

Statistical programming languages
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Questions for self-control:

1. What features distinguish Big Data from traditional
structured data?

2. In what areas of knowledge does Python find its
application?

3. What is Rstudio for?

Y




