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Introduction to Data Science

About this Lecture
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Where are we?

——

Collect Raw
Data

Based on Doing Data Science,
Rachel Schutt and Cathy O'Neil, OReilly, 2014.

Clean and
Preprocess
Data

Create Data
Product

e

—

Visualize and
Report

Exploratory
Data Analysis

v

Machine
Learning
Algorithms

Statistical
Models

Make
Decisions




Introduction to Data Science

R/RStudio
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We’ll start with R/RStudio

o Free language, free IDE.
o All major OSs.

o Focus on scripts.

o Fancy stuff later!

o Easy to edit/run code, import packages, etc.




Run R/RStudio

| NON ) RStudio
QO - Oy | =~ H B = 7 ~ Addins ~ R] Project: (None) ~
Source S0 Environment  History Connections = ]
. £# [] 7 Import Dataset - & List v | &
Console  Terminal = (P

7} Global Environment ~
=

R version 3.5.1 (2018-07-02) -- "Feather Spray"
Copyright (C) 2018 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl8.2.0 (64-bit)

Environment is empty

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details. Files Plots Packages Help Viewer . [

L . _| New Fold © Del +]R More ~
Natural language support but running in an English locale IR elete [5]Rename | § More

Q Home

R is a collaborative project with many contributors. A Name Size
Type 'contributors()' for more information and @] RData 2.5 KB
'citation()' on how to cite R or R packages in publications. ©" Rhistory 21.5 KB
Type 'demo()' for some demos, 'help()' for on-line help, or ] Applications
'help.start()' for an HTML browser interface to help. 3 bin
Type 'q(Q' to quit R. 3 Desktop
[Workspace loaded from ~/.RData] | Documents

] Downloads
- | GOMIBAKO

] Library

] Movies

Music




Create a Project (File/New Project)
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Source

Console Terminal

=

R version 3.5.1 (2018-07-02)
Copyright (C) 2018 The R Fout
Platform: x86_64-apple-darwit

R is free software and comes
You are welcome to redistribt
Type 'license()' or 'licence

Natural language support bl
R is a collaborative project
Type 'contributors()' for mo
'citation()' on how to cite |
Type 'demo()' for some demos
'help.start()' for an HTML b
Type 'q(Q' to quit R.

[Workspace loaded from ~/.RD(

RStudio
~ Addins ~

# Go to file/function a0

20

1?\ Project: (None) ~

Environment History Connections .
<% [ “#Import Dataset ~ ¥ List v | (@&

7} Global Environment ~

>

New Project

Create Project

R New Directory

Start a project in a brand new working directory

Existing Directory
Associate a project with an existing working directory

Version Control
Checkout a project from a version control repository

nvironment is empty
>
Packages Help Viewer . [
© Delete | =|Rename {3 More -
> 2 Size
2.5 KB
Y 21.5 KB
tions
>
o
ents
Cancel Bds

- [J ] GOMIBAKO
£ Library
] Movies

] Music




Create a Project (File/New Project)

| NON ) RStudio
O -x |- HBH = 7 ~ Addins ~ R] Project: (None) ~
Source S0 Environment  History Connections = ]
. £# [] 7 Import Dataset - & List v | &
Console  Terminal = (P

7} Global Environment ~

~f
New Project
R version 3.5.1 (2018-07-02)
Copyright (C) 2018 The R Fout Back Project Type
Platform: x86_64-apple-darwit

nvironment is empty

R is free software and comes| £ New Project >
You are welcome to redistribi
Type 'license()' or 'licence( & RPackage > Packages Help Viewer =[O
Natural language support bl R Shiny Web Application > © Delete ~|Rename = {} More -
R is a collaborative project R Package using Rcpp > ok Size
Type 'contributors()' for mo 2.5 KB
'citation()' on how to cite | R Package using RcppArmadillo >
v 21.5KB
Type 'demo()' for some demos R Package using RcppEigen > tions
'help.start()' for an HTML b
Type 'q(Q" to quit R. R Package using devtools >
)
[Workspace loaded from ~/.RD( ents
Cancel Bds
>
- [ ] GOMIBAKO
£ Library
] Movies

] Music




Create a Project (File/New Project)

| NON )

O -x |- HBH =
Source

Console  Terminal

RStudio
= - Addins ~

20
=

R] Project: (None) ~

Environment History Connections

& B

7} Global Environment ~

=0

rd t
“7 Import Dataset ~ ¥ List v (]

=
New Project

R version 3.5.1 (2018-07-02)
Copyright (C) 2018 The R Fout Back

Platform: x86_64-apple-darwit

~—

R is free software and comes
You are welcome to redistribi
Type 'license()' or 'licence

Natural language support b
R is a collaborative project
Type 'contributors()' for mo
'citation()' on how to cite |
Type 'demo()' for some demos
'help.start()' for an HTML b
Type 'q(Q' to quit R.

[Workspace loaded from ~/.RD(

>

Open in new session

Create New Project

Directory name:

nvironment is empty

R

Create project as subdirectory of:

Packages Help Viewer . [

‘ ~/SYNC/OneDrive/INPE/CAP-394 Data Science

v Create a git repository

Create Project

| Browse... © Delete =|Rename {3 More -

P Size
2.5 KB
y 21.5 KB
tions
0
ents
Cancel Bds

- [J ] GOMIBAKO
£ Library
] Movies

] Music




Create a R Script (File/New File)

RStudio B Edit Code View Plots Session Build Debug Profile Tools Window Help
‘_ R Script {+ 8N
New Project...
g R Notebook
Open File... #0
Recent Files > R Markdown...
| ’ Shiny Web App...
Jien Pro’.eCt'S’ . ; neDrive/INPE/CAP-394 Data Science/F
Open Project in New Session... Text File _
Recent Projects > C++ File v ~ Addins -~
Import Dataset > R Sweave
R HTML
Save R Presentation
Save A:

R Documentation
Save Al ‘unuuctun 1ol owueeaswecdl Computing

'winl8.2.0 (64-bit)

Print...

les with ABSOLUTELY NO WARRANTY.
Close 'ibute it under certain conditions.
Close / ice()' for distribution details.
Close /

1 . but running in an English locale
Close Project
ict with many contributors.
E more information and
'citation()' on how to cite R or R nackaaes in nuhlications.

Quit Session...
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Editing/Running a R Script

[ NON | ~/SYNC/OneDrive/INPE/CAP-394 Data Science/R - RStudio
Qo - OJ}\ ™ | @ (=] # Go to file/function 5 ¢ E ~ Addins ~ 1?‘ R ~
@ untitled1* = ] Environment History Connections Git — [
A =] SourceonSave O /- #Run %% | $Source ~+ = <% | 77 Import Dataset ~ ¥ List v | &
1 b <- 20 7} Global Environment ~
2 .- Values
3 atb
4 a 20
b 17

Files Plots Packages Help Viewer .. [T
© | New Folder € Delete | Rename {a' More -~
OneDrive > INPE ~ CAP-394 Data Science 3‘

A Name Size
1:1 (Top Level) = R Script < t -
Console  Terminal — ©] .gitignore 40 B
& R.Rproj 205 B

~/SYNC/OneDrive/INPE/CAP-394 Data Science/R/

R L L) e B T T e

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q(Q' to quit R.

> a <- 20
>b <- 17
> a+b

[1] 37

>




Saving a R Script

| JON ) ~/SYNC/OneDrive/INPE/CAP-394 Data Science/R - RStudio

Qo - Om = - B_] = # Go to file/function 5 - \E ~ Addins ~ \m R ~
@' Untitled1* = ] Environment History Connections Git — [

@

Save As: | r-as-calculator.R

Tags:

Favorites R.Rproj
ﬁ rafaelsantos

3 Dropbox

OneDrive

/2: Applications

] Desktop
Bﬁ Documents

_n _

New Folder Cancel

Li] 3¢
>




Installing Packages in RStudio

L JON ~/SYNC/OneDrive/INPE/CAP-394 Data Science/R - RStudio
(+ %1 & - = A Go to file/function % ~ |01 ~ Addins ~ 1?‘ R ~
@7 r-as-calculator.R = ] Environment History Connections Git — [
a SourceonSave O /v #Run %%  $Source ~ = <% | “#Import Dataset ~ ¥ List ~ | (&
1 o< 20 7} Global Environment ~
2 b<- 17
Values
3 atb
4 a 20
) 17
Install Packages
Install from: (?) Configuring Repositories
Repository (CRAN)

as Plots Packages Help Viewer [T
Packages (separate multiple with space or comma):

New Folder | @ Delete +]Rename {a' More ~
I ggplot2 I R
eDrive > INPE > CAP-394 Data Science > R [RJ
Install to Library: A Name Size
1:1 ¢ (Top Level) = /Users/rafaelsantos/Library/R/3.5/library [Default] t .
. #7 .gitignore 40B
Console  Terminal Y| Install dependencies n ]
~/SYNC/OneDrive/INPE/CAP-394 Data Science/ £ RRproj 205 B
bbbt At e @] r-as-calculator.R 20 B

Install Cancel

Type 'demo()' for some demos, 'help()'
'help.start()' for an HTML browser intertace to help. I
Type 'q()' to quit R.

> a <- 20
>b <- 17
> a+b
[1] 37

>




Installing Packages in RStudio

@ r-as-calculator.R
a SourceonSave O/ ~
h < 20
b <- 17
a+b

BAWN R

1:1 € (Top Level) =

Console Terminal

~/SYNC/OneDrive/INPE/CAP-394 Data Science/R/

[1] 37
> install.packages("ggplot2™")

~ Addins ~

=
%Run %% 4 Source ~

I |

R Script <

=0

Installing package into ‘/Users/rafaelsantos/Library/R/3.5/1ibrary’

(as ‘lib’ is unspecified)

trying URL 'https://cran.rstudio.com/src/contrib/ggplot2_3.1.0.tar.gz"’
Content type 'application/x-gzip' length 2863109 bytes (2.7 MB)

downloaded 2.7 MB

~/SYNC/OneDrive/INPE/CAP-394 Data Science/R - RStudio
o - OIF\ = ~ = # Go to file/function

RIR ~

Environment History Connections Git — [
<% | 77 Import Dataset ~ ¥ List v | &
7} Global Environment ~

Values
a 20
b 17

Files Plots Packages Help Viewer .. [T
© | New Folder € Delete | Rename {at More -~
neDrive ~ INPE >~ CAP-394 Data Science ~ R rf“

A Name Size
T.
#] .gitignore 40B
& R.Rproj 205 B
@] r-as-calculator.R 208B



Installing Packages in RStudio

o Usually everything works OK but...

o Installation may not be as smooth as shown.

o If R version changes you may need to reinstall.
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Introduction to R
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“R Programming”




Introduction to R

https://github.com/rafaeldcsantos/IntroDataScience

O

O

O

O

O

O1-Variables

o Pros and cons of starting scripts with rm(1list=1s())
02-PrimitiveTypes

o Primitives are actually Vectors!

o [1] 10 -> Index of first element of vector.
03-Vectors

04-OperationsWithVectors

05-Factors

o Factors are categorical variables, very important for classification!




Introduction to R

0 06-DataFrames

o DataFrames are the essential data structure for Data Science.

o 07-Control

o Remember: there are other ways to do conditionals and loops




Introduction to Data Science

Raw Data and Tidy Data
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Raw Data

o Data in databases, spreadsheets...
o Images, videos, audio...
o Time series...

o Logs, text, JSON files, XML files...

Based on Coursera’s “Getting and Cleaning Data” course.

21
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Tidy Data

o One table with all the data (or linked tables).

o Each variable in its column.

o Each observation in its row.

o Variable names in the first row, with good, clear names.
o “Tidiness” is not an absolute feature!

o Depends on what we have and what we want to do.

@ = incidentLocation © = location
4000 MT PLEASANT AV (39.2910056,-76.5636502)
1000 W BALTIMORE ST (39.2889640,-76.6339440)
1000 STAMFORD RD (39.2963480,-76.7101510)

Based on Coursera’s “Getting and Cleaning Data” course.

22



Raw Data to Tidy Data

o Create a Code Book that describes how we can get from
Raw Data to Tidy Data.

o Asimple (formatted) text file with:
o Sources for the raw data.
o More detail on the variables.
o What was {selected, enhanced, preprocessed} and how.

o Instruction on how the data was processed.

n Code Books essential to reproducibility!

Based on Coursera’s “Getting and Cleaning Data” course.

v R —— R .



Introduction to R (Part Il)

https://github.com/rafaeldcsantos/IntroDataScience
o 08-DateTime

o 09-DownloadingFiles

o 10-Strings
o 11-TidyData
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Help!

o help(“keyword”)

() [ ) ~/SYNC/OneDrive/INPE/CAP386 - Data Science/R - master - RStudio
-l B 3B =24 %vuv Addins ~ RR ~
@7 r-as-a-calculator.R* == [_| | Environment History Git = ]
| B\ SourceonSave &4 / + i | =~ -#Run %% _Source v < [ _#ImportDataset~ 3 List = (&
1 % varidble dsSignment wWith <- or = N CIoDa e ToT e
2 a<-12
3 b < 26 Values
4 # Simple arithmetic expressions a 12
5 atb b 26
6 max(a,b) X 7
7 # More operators 3
8 x=17 y
9 y=3
10 x Ay Files Plots Packages Help Viewer |
11 x %% y # remainder N =
12 x %/% y # integer division b =l 4 _— -
13 (x%%y) +y * (x%%y)#x R: Trigonometric Functions -
14
8:6  (Top Level) = R Script = | Trig {base} R Documentation
Console R Markdown =[] . . .
 /SYNC/OneDrive/INPE/CAP386 - Data Science/R Trigonometric Functions
> help("sin")
> Description

These functions give the obvious trigonometric functions.

They respectively compute the cosine, sine, tangent, arc-
rneina _arr-cina_arr-tannant _and the hwn-araiiment arer-




Help!

o help.search(“keyword”) (see also apropos(“keyword”))

LK
- B 3

-+

37 r-as-a-calculator.R*

A Source on Save = O /- -
1 % varidble dsSignment wWith <- or =
2 a<-12
3 b<- 26
4 # Simple arithmetic expressions
5 a+b
6 max(Ca,b)
7 # More operators
8 x=17
9 y=3
10 x Ay
11 x %% y # remainder
12 x %/% y # integer division
13 (x %%y +y *(x%%y ) #x
81:% (Top Level) =
Console R Markdown

~/SYNC/OneDrive/INPE/CAP386 - Data Science/R/

> help.search("trigonometry")
> |

iv
(]

* ~=Run

L

-

>

Addins -

= ]

_+Source -

R Script =

=]

~/SYNC/OneDrive/INPE/CAP386 - Data Science/R - master - RStudio

E R~

Environment History Git ]
<% @ | [# Import Dataset ~ | § List v (=
"}, Global Environment ~
Values

a 12

b 26

X 7

y 3
Files Plots Packages Help Viewer = ]
&8 a @

R: Search Results -

A

N

Help pages:

base::Trig Trigonometric Functions




Help!

o Much better options, specially for usage and tips and/or
more complex scripts:

- - - - - - - . - - - - - -]
Curting corners to meet arbitrary management deadlines

o rseek.org

o stackoverflow.com

0 Can | do X with R?

Copying and Pasting
o https://cran.r-project.org/web/views/ from Stack Overflow

Essential

o https://cran.r-project.org/

The Practical Developer
@ThePracticalDev

O’REILLY*
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Shameless Advertising

o Applied Computing Graduate Program at
INPE:

ohttp://www.inpe.br/pos_graduacao/cursos/cap/

o CAP’s Annual Workshop (September 2019):

o http://www.inpe.br/worcap/

0 Grants!

rafael.santos@inpe.br
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Publishing R code and results on
GitHub




[ NON |
O -% -1 B

Source

Console Terminal

=

R version 3.5.1 (2018-07-02)
Copyright (C) 2018 The R Fout
Platform: x86_64-apple-darwit

R is free software and comes
You are welcome to redistribi
Type 'license()' or 'licence

Natural language support bt
R is a collaborative project
Type 'contributors()' for mo
'citation()' on how to cite |
Type 'demo()' for some demos
'help.start()' for an HTML b
Type 'q(Q' to quit R.

[Workspace loaded from ~/.RD(

Did you do this first?

# Go to file/function

RStudio
~ Addins ~

1?\ Project: (None) ~
S0 Environment
&< B\

7} Global Environment ~

History Connections = ]
7 Import Dataset ~ = ¥ List -~ | @&

=

>

New Project

Back

R

— -

Create New Project

Directory name:

nvironment is empty

R

Create project as subdirectory of:

Packages Help Viewer . [

‘ ~/SYNC/OneDrive/INPE/CAP-394 Data Science

v Create a git repository

Open in new session

| Browse... © Delete | =|Rename {3 More -

2 Size
2.5 KB
y 21.5KB
tions
o]
ents
Create Project Cancel ads

- [J ] GOMIBAKO
£ Library
] Movies

] Music




Then do this (on github.com):

Create a new repository

A repository contains all project files, including the revision history.

Owner Repository name *

2 rafaeldcsantos ~ /| IntroDataScience v

Great repository names are short and memorable. Need inspiration? How about expert-waffle?

Description (optional)

o |- | Public

Anyone can see this repository. You choose who can commit.

Private
You choose who can see and commit to this repository.

Initialize this repository with a README
This will let you immediately clone the repository to your computer. Skip this step if you're importing an existing
repository.

Add .gitignore: None ~ Add a license: None v | (D




Publishing your R code on GitHub

. ¢d your-directory-with-R-code
. git add .
. git commit -m "First commit”

. git remote add origin
https://github.com/rafaeldcsantos/IntroDataScien
ce.git

. git push -u origin master

Check
https://github.com/rafaeldcsantos/IntroDataScien

ce




Publishing your R code on GitHub

rafaeldcsantos / IntroDataScience @Ounwatch 1 %star 0  ¥Fork ©
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
No description, website, or topics provided. Edit

Manage topics

D 1 commit ¥ 1 branch © O releases 22 1 contributor
Branch: master v New pull request Create new file = Upload files = Find file Clone or download ~
y rafaeldcsantos First Commit Latest commit b804d17 12 minutes ago
£ .gitignore First Commit 12 minutes ago
[E) R.Rproj First Commit 12 minutes ago

Help people interested in this repository understand your project by adding a README.




(Re)Publishing your R code on GitHub

1. git add .
2. git commit -m "Nth commit”

3. git push -u origin master

4. Check
https://github.com/rafaeldcsantos/IntroDataScience




Playing nicely with GitHub

o R Scripts: source code only.

o R Notebook: creates a .Rmd and a .html file.
o .Rmd: shown as is (no plots)

o .html file: shown as source code.

o0 R HTML: formatted HTML code.

R Script {+ &8N
R Notebook

R Markdown...
Shiny Web App...

Text File
C++ File

R Sweave
RHTML

R Presentation

R Documentation

0 Solution: create a R Markdown with a GitHub Document
template.




Playing nicely with GitHub

o R Markdown with a GitHub Document template.

[ ) [ ) ~/SYNC/OneDrive/INPE/CAP-394 Data Science/R - RStudio

O -/Cr |- 5~ 1 ~ Addins ~ RR -
Console Terminal () Environment  History Connections Git — [
~/SYNC/OneDrive/INPE/CAP-394 Data Science/R/ i D 7 Import Dataset ~ y’ List ~ &

y ant ~
R version 3.5.1 (2018-07-02) --| New R Markdown
Copyright (C) 2018 The R Founda

Platform: x86_64-apple-darwinl8 | || Document Template: UL RIS | (. oty
) Package Vignette (HTML) {rmarkdown}
R is free software and comes wi | o Presentation GitHub Document (Markdown) {rmarkdown}

You are welcome to redistribute

Type 'license()' or 'licence()'| | Shiny

= From Template i
Natural language support but kages Help Viewer . [T
Delete | =|Rename = {3F More -

R is a collaborative project wi .
CAP-394 Data Science > R [RJ

Type 'contributors()' for more

"citation()' on how to cite R o Size
Type 'demo()' for some demos, ' 40 B
'help.start()' for an HTML brow
Type 'q()' to quit R. 488
205 B
> les.Rmd 456 B
OK Cancel




Playing nicely with GitHub

o R Markdown with a GitHub Document template.

R . [ NON ) ~/SYNC/OneDrive/INPE/CAP-394 Data Science/R - RStudio
] Kn]t ]t! O -y |- — % - ] - Addins - RIR ~
R-as-a-Calculator.Rmd Environment History Connections Git
=0 =
] & 7 A & kKnit ~ - *3 Insert ~ SRun ~ | 5 ~ “# [ 7 Import Dataset - & List ~ |
1v |-- 7} Global Environment ~
2 title: "R as a Calculator”
3  output: github_document
g o Environment is empty
6~ " "{r setup, include=FALSE} »
7 knitr::opts_chunk$set(echo = TRUE)
g
9
10 - ## Basic Example Files Plots Packages Help Viewer . [T
11 © ) New Folder = © Delete =]Rename = {3 More ~
12 Let's create some variables and operations. .
13 neDrive > INPE > CAP-394 Data Science > R R
14+ {r} ) A Name Size
1:1 E3 R as a Calculator = R Markdown = t.
Console Terminal - ¥ .gitignore 40B
~/SYNC/OneDrive/INPE/CAP-394 Data Science/R/ =] .Rhistory 488
TmEmTE rmmgmmagm ommppm T ommE ormmimmyommomn mrgmeme omemees R R.Rproj 205 B
@7 01-Variables.Rmd 456 B

R is a collaborative project with many contributors.
Type 'contributors()' for more information and @ R-as-a-Calculator.Rmd 232 B
citation()' on how to cite R or R packages in publications. ®| R-as-a—Calculator.Rmd 232 B

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q(Q' to quit R.

>




Playing nicely with GitHub

® O /var/folders/ld/mrtOh7n14gb5wbjxz_tfjizhcO000gn/T//RtmpuGtMH8/preview-168f47d699e7.html

preview-168f47d699e7.html | 5 | Open in Browser Find ‘s, Publish ~ (O

R as a Calculator

Basic Example

Let's create some variables and operations.

a <- 12
b <- 24
a+b

## [1] 36

Awesome!




Playing nicely with GitHub

1. git add .

2. git commit -m "Nth commit”

3. git push -u origin master




Playing nicely with GitHub

rafaeldcsantos / IntroDataScience ® Unwatch~ | 1 *star 0  YFork ©
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
No description, website, or topics provided. Edit

Manage topics

D 2 commits ¥ 1 branch © 0 releases 42 1 contributor
Branch: master v New pull request Create new file = Upload files = Find file Clone or download ¥
ﬁ rafaeldcsantos Added Examples Latest commit 0644881 a minute ago
[£) .gitignore First Commit 43 minutes ago
) 01-Variables.Rmd Added Examples a minute ago
[£) R-as-a-Calculator.Rmd Added Examples a minute ago
) R-as-a-Calculator.md Added Examples a minute ago
) R.Rproj First Commit 43 minutes ago

Help people interested in this repository understand your project by adding a README.




Playing nicely with GitHub

Branch: masterv | IntroDataScience / R-as-a-Calculator.md Find file =~ Copy path

% rafaeldcsantos Added Examples 0644881 2 minutes ago

1 contributor

18 lines (12 sloc) 165 Bytes Raw Blame History [J o T

R as a Calculator

Basic Example

Let's create some variables and operations.

a <- 12
b <- 24
a+b

## [1] 36

Awesome!




