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Know your Instructor

Author ® "
Author ® r
Founder "
University of Tennessee, Knoxville
MS (courses in statistics and
computer science)

MEBA (IIM Lucknow,India-2003)

B.Engineering (DCE 2001)



- Classroom Rules

*  From Instructor

*  From Audience
— maobile phones should be kindly switched off
* Yes, this includes Whatsapp

— Ask Questions at end of session
= Take Motes
= Please Take Notes



What is data science ?

Hacking { Programming) + Maths/Statistics + Domain Knowledge = Data Sclence

hitp:/drewconway, comizial20 13/ 326/ he-dala-sciance-vann-diagram
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Oh really, is this a Data Scientist ?

a data scientist is simply a person who can
write code = in R,Python,Java, SOL, Hadoop (Pig,HOL.MR) etc
= for data storage, quarying, summarization, visuallzation
= how officiently, and in time (fast results?)
= Where on databases, on coud, servers
and unserstana €NOUGH statistics
to dgerive INSIGNTS from vata
SO business c..ma. decisions



R moves up to Sth place in IEEE language rankings
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What Is R

https://www.r-project.org/about.htm|
R is an integrated suite of software facilities for data manipulation, calculation
and graphical display. It includes
« an effective data handling and storage facility,
- a suite of operators for calculations on arrays, in particular matrices,
- alarge, coherent, integrated collection of intermediate tools for data
analysis,
- graphical facilities for data analysis and display either on-screen or on
hardcopy, and
- awell-developed, simple and effective programming language which
includes conditionals, loops, user-defined recursive functions and input
and output facilities.




R-3.3.1 for Windows (32/84 bit]

Download R 3.3.1 for Windows (70 megatytes, 32/64 bit)

1t nt b double-check that the paekage you have downloaded et e the packige distributed by R mpare the mikSswm of the e to the e
m;hummdaw“r“i:r:;ﬁnmmldm;m“gmm“ e

Frequently maded questins
* Doos B run upder my sersion of Windows?
* How do | update packnges in my previcus version of B2
» Should 1 ran F2-biL o 64-bit B?
Moase see the B FAQ for general information about B and the B Windows FAQ for Windows-specific information.
Othar Builds
« Patchos to this rolease are incorporated in the r-patched snapshot build.
A build of the divelopront vorsion {which will sventaally become the soxt major mlease of 1) is avallable (s th rdivel snapshot bidld.
» Pruvious roleasss

Note to webmasters: A stnbde link which will redirect to the current Windows binary release s
=CHAN MIRROR> D' windorwsbaserelsase him.
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Statistical Software Landscape

SAS Matlab
Python (Pandas) JMP
IBM SPSS E views
R

Julia

Clojure

Octave



Using R with other software

hitps:doranalytics wordpress com/uselul-links-for-tiusing-r-from-ather-softearal -

Tableau hitp2fsww. lableausoltware. cominew-lfealuresir-inlegration -n o

Qiik  hitp:igliksclutions. nu/qlikview add-oneir-connecior-ong/

Oracle R hitp:ihesew.oracle. comfechnetworkidalabase/dalabase-technologies/rir-enlerpriseloverviewlindex. hitmil

Rapid Minar hitps.raped-i.comicontentiview 2022060ang it

JMP  hitp:iblogs. sas.commpiindex, php?larchives/298-JMP-Into-R1.himl



Using R with other software

hitps:doranalytics wordpress com/uselul-links-for-tiusing-r-from-ather-softearal -
SASAML hitp:ihwww, sas comAnghnologiesianalylicsstatisticaimilinge: himl = o
Teradata htip:/fdeveloper.leradata comiapplicalions/articles/in-database-analytics-with-ter o

Pentaho htip:-/ibigdatatechworld. blogspolin/2013/1 Bintegration-of-reweka-with-pentaho-data.himl

IBM SPSS hitlps:fhenwiw 14, softwana. b, comiwibappimbvabisignup do7sounce=ibm.
analyticsfS PRG=gv1885545 TACT=M1G1003WEdwmlorm=127&lang=an US
TIBCO TERR http:iispotiira libco.comidscovar-spotfire/what-doas-spotfire-do/pradictive-analyticstibsoo-entarprise-runtime-{or-r-

terr



Some Advantages of R

open source
free

large number of algorithms and packages esp for statistics
flexible

very good for data visualization

superb community

rapidly growing

can be used with other software




Some Disadvantages of R

in memory (RAM) usage

steep learning curve

some IT departments frown on open source
verbose documentation

tech support

evolving ecosystem for corporates




Solutions for Disadvantages of R

in memory (RAM) usage :’> specialized packages, in database computing
steep learning curve y:> TRAINING !l

some IT departments frown on open source ::} TRAINING and education!
verbose documentation |::> CRAN View , R Documentation

tech support ,::) expanding pool of resources

evolving ecosystem for corporates I:I} getting better with MS et al



R used by Government

= |In the early days of the Deepwaler Horizon disaster, NIST used uncartainty analysis in R to harmonize spill
estimates from various sources, and to provide ranges of estimates lo other agencies and the media.

+ Before new drugs are allowed on the market, the FDA works with pharmaceutical companies to verify safety
and efficacy through clinical trials. Despile a false parcaplion that only commaercial software may be used,
many pharmaceutical companies are now using open-source R o analyze daia from clinical frials.

The Mational Weather Service uses R for research and development of models to pradict river flooding,
The newly-fermad Coansumaer Financial Protection Bureau -- fraad from the restrictions of a legacy IT
infrastructure - is championing the use of open-source technologies in government.

* Local governments are also building data-based applications. The SF Estuary Institule uses R and Google
Maps to provide a lool 1o track pollution in the San Francisco Bay area,

hitp://gsnmagagzine.com/node/26483%c=cyber sacurity




R used by Telecom

Results: A Customer With a Canceller in Their Network

e Churn using Churns at Twice the Rate

Social Network Analysis Types of Connections (Edges)

Wty C-A -_E eupecied
reality by chance | dalta

http:/iwww.slideshare.net/dataspora/social-network-a l X N Lo

<t

In puLEndE, we e miking whether being
connedted to anather canceller has any
eflect on one’s rate of cancellagion. It turns
ot that if doi.

And if we onby look at voluntary port-guts,
wir see that customaens churn at s the rate



R used by Insurance

a few more insurance related packages:

-

and

ChainLadder ~ Reserving mathods in R, The package provides Mack-, Munich-, Boolstrap, and Mullivariate-chain-ladder
mathods, as well as the LDF Curve Fitling melhods of Dave Clark and GLM-based reserving models.

cplm — Monte Carlo EM algonthms and Bayesian methods for fitting Tweedie compound Poisson linear models

lossDiv = A Bayesian Ume series loss development model. Features mclude skewed-1 destibution with tima-varying scale
parameater, Revearsible Jump MCMGC for delermining the functional farm of the consumplion path, and a structural break in
this path; by Christopher W, Laws and Frank A, Schmid

actuar: Loss distributions modedling, risk theary (including ruin theory), simulalion of compound hierarchical models and
credibility theary check out the acluar package by C. Dutang, V. Goulet and M. Pigeon.

favir: Formatted Actuarial Vignettes in R, FAVIR lowers the leaming curée of the R environmenl. It is a series of pear-
reviewed Sweave papers that use a consistent style.

maondale; R packackge to keep track of dales in terms of months

lifecentingencies — Package lo perform acluartal evaluation of life conlingencies

Intreduction to R for Actuaries by Migel de Silva

and hitp:fwww.rininsurance,com/




R in Finance

http:/'www rinfinance.com/

RiFmance
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R in Finance

http:/cran.r-project.org/web/views/Finance, himl
This CRAN Task View containg a list of packages useful for empdrical work in Finance, grouped by lopic.

« The Rmetrics sulle of packages comprises [Arma. [AsianOplions, [Assels, ([Basics, [Bonds, tmeDale (formery: [Calendar),
[Copulas, [ExaticOplions, [Extremes, [Garch, lmpod. iNonlinear, {Options, fPortiolio, IRegression. limaSeries (foomary:
fSanes), Mrading, (UnitRoots and conlains a very large number of retevant functions for different aspect of empirical and
computational finance,

& The ROuantLib package provides several oplion-pricing functions as well a5 some fixed-incoma functionality from the
QuaniLib project to R.

= The guantmod package offers a number of funclions for guantitative medelling in finance as well as data acqusition,
platting and other utilities,

& The porifolio package contains classes for equity portfolio management; the portfolicSim builds a related simulation
framework, The backlest offers tools to explore portfolio-based hypotheses aboul financial instruments, The slockPortiolio
package provides funclions for single index, constant correlation and muligroup models. The pa package offers
performance attribution functionality for equity portfoliog,

& The Peformancefnalylics package cantains a large number of funclions for portfolio performance calculations and risk
management,




R in Pharma

hiip:/blog,revelutionanalytics, com/2013/08/r-drug-development-and-the-fda.html

Coariog the Dooes (0. Opee Soume Cregrriming.iv D Odriacmesal-

. Reguialen:. Compiinnce aod Valdaton tHurs A Guidinee Socoment for the Use of 8 in Seguisied Ciindeal Trial Savimemsals in which he conduded that
us=R 2012 FDA sinkasician Jea Brodsky presaniod o pogigr describod how FOA scientsts "use R on o daily basis® ond hove thomselves wition R packngos

for use al various siages in the drug submission process,




R in Pharma

hitp:/iweb.quanticate. com/bid/102741/Using-the-Statistical-Programming-Language-R-in-the-Pharma-
Industry




R in Pharma

This task view galhers informaltion on specific R packages for design, monitoring and analysis of data from clinkcal trials. |t focuses
on including packages for clinical trial design and monitoring in general plus data analysis packages for a specific type of design.
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Companies using R

from hitp:hweaw. revolutionanahyics com/companies-using-r

AMNZ, the fourth largest bank in Ausiralia, using R for credit risk analysis
Bank of Amernica uses R for reporting

The Consumer Financial Protection Bureau uses R for data analysis,

Facobook

Facebook and R:

=  Analysis of Facebook Status Updates
# Facebook's Social Network Graph

* How Google and Facebook are using R

+  Predicting Colleague Infaractions with R



Mean

Anthmetic Mean- the sum of the values divided by the number of values.

The gecmealric mean is an average that is useful for sels of positive numbers that are inerpreted according fo thedr product and
nel their sum (as is the case with the arithmetic mean) e.qg. rates of growth.

Median

e median is the number separating the higher hall of a data sample, a population, or & probability distribution, from the lower
hal

Mode-

The "mode” is the value thal occurs maost often.




Range

the range of a set of data is the difference baetween the largest and smallest values.

Variance

mean of squares of differences of values from mean

Standard Deviation

square rool of ils varance

Frequency

a frequency distribution is a table that displays the frequency of various outcomes in a sample.
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Refresher in Statistics

Probability Distribution

The probability density function (pdf) of the normal distribution, also called Gaussian or “bell curve®, the most important
continuous random distribution. As notated on the figure, the probabiliies of intervals of values cormespond to the area
under the curve.

la 20 la 0 o 2a ia



Pre Requisites

_ ®
e |nstallation of R

http:fcran rstudio, com/bin/wind ows/base/

* R Studio

* R Packages



Pre Requisites

e |nstallation of R "

— Rtools

—  httpfferan.rstudio.com/binfwindows/Rtools/

* R Studio

* R Packages



Pre Requisites

e |nstallation of R
— RTools

* R Studio

hitpad S wenw rstudio comyproducts/rstudio/download/

* R Packages



Pre Requisites

e |nstallation of R
— RTools

Qﬁ. on b | Bloconduc tor T GitHub

* R Studio S

bt fwww cstudio.comyproducts/rstudio/download!

o R Pa CkEI gESa‘nout eight packages supplied with the R distribution and many more are availabile
through the CRAN family of Internet sites covering a very wide range of modern statistics.



CRAN

07 sitas in 49 regions

CRAN Mirrors I
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Non CRAN Repositories

hitp:/hwwaw. rdocumeniation ong/
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bioconductor

hitp:/hwwow bisconducior.ormg/
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R-3.3.1 for Windows (32/84 bit]

Download R 3.3.1 for Windows (70 megatytes, 32/64 bit)

1t nt b double-check that the paekage you have downloaded et e the packige distributed by R mpare the mikSswm of the e to the e
m;hummdaw“r“i:r:;ﬁnmmldm;m“gmm“ e

Frequently maded questins
* Doos B run upder my sersion of Windows?
* How do | update packnges in my previcus version of B2
» Should 1 ran F2-biL o 64-bit B?
Moase see the B FAQ for general information about B and the B Windows FAQ for Windows-specific information.
Othar Builds
« Patchos to this rolease are incorporated in the r-patched snapshot build.
A build of the divelopront vorsion {which will sventaally become the soxt major mlease of 1) is avallable (s th rdivel snapshot bidld.
» Pruvious roleasss

Note to webmasters: A stnbde link which will redirect to the current Windows binary release s
=CHAN MIRROR> D' windorwsbaserelsase him.
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Pre Requisites

* R Packages
install.packages() INSTALLS
update.packages() UPDATES

library() LOADS
®* Packages are installed once, updated periodically, but loaded every time



Interfaces to R

T e —
e Console
Default o Fres sufimers aad somes i :
Customization e e S e i

* IDE

* GUI



Graphical Interfaces to R

e R Commander
* Rattle

* Deducer



Installation of R Commander

rrY—r




Overview of R Commander
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Demo
R Commander — 3D Graphs




Installation of Rattle
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Installation of Rattle
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Installation of Rattle
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Installation of Rattle
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* GTK+ Installation Necessary

R,

Installation of Rattle

The peciksge “caircDevice’ o required to snabile the caro
ey Gk, B dost not sppesr 10 be anitalled, The package
{and #3 dependencies) can be instafied using the foll
AT AT

wtall packages CawcDevice]

This one-tarme inctall will sl sccess 10 the full Tunotionsly
of Ratzin.

Wil yriii hlie Battle 1o shilall the package ficw]

e ][ be |

A4

= — - - - W e W - 000000
The packsge WML i required o load GUT tocBips. |t doss not

Sppes io e imstslied, This peokege (s s dependendees) Can
e imstalled wiing the fallowang B cormmancd:

natall pakngea XRAL Y

Thit conee-tirrse natall will allow scoen ie the Full Functionality
ol Ratle.

‘Witpuld you hke Katile to inciall ihe pachage ol




Installation of Rattle
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* GTK+ Installation Necessary ===
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(onad its depend 5] cam bee Hed wiing the fellowing R || the package noe?
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C = i gl Cinpdet plet) E - |
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o Raniis.
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Overview of Rattle
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Demo

Rattle
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RStudio

RStudio Desktop enables you with following advantages of native R console

s Syntax highlighting, code completion, and smart indentation
Execute R code directly from the source editor

Quickly jump to function definitions

Easily manage multiple working directories using projects
Integrated R help and documentation

e Interactive debugger to diagnose and fix errors quickly

e Extensive package development tools

http:/fwww.rstudio, com/products/



RStudio

RStudio Server enables you to provide a browser based interface (the RStudio IDE) to a version of R running on a

remote Linux server. Deploying R and RStudio on a server has a number of benefits, including:

+ The ability to access your R workspace from any computer in any location;

+ [Easy sharing of code, data, and other files with colleagues;

+ Allowing multiple users to share access to the more powerful compute resources (memaory,
processors, etc.) available on a2 well equipped server; and

« Centralized installation and configuration of R, R packages, TeX, and other supporting libraries.
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R Community

« email groups hitp://wew. r-project.org/mail, himl

R-announce
R-help
R-package-dovel
R-devel
R-packages

Special Interast Groups

e Siack Overflow [r]
s Twitter #rstals
e Blogs at http:/iwww r-bloggers.com/ (573 blogs)




Stack Overflow

hitp:/'stackoveflow. com/questionsiagged/r




Twitter

hitps:iftwitler.comisearch Ta=rslats&src=sprv

Results for #ratats

[Porwer el Batil e related. Hame's an R pllel | died Pl prosed B O D Kandie
P, Eratlabn «omelactng® roemaEres

" Li

.

Stephics Fréchene .
Hiov i el ooy very o RiShueie Server and Shisy Server will DegitaiCrsan 1
Eioggert. comBow-io-gat-yiu - Edeleciencs Weedy Bratats Suhavy

Ankit snasl .
Pl on conbgurrg paralel compulng on & Sritado Sraits

Bdafaproceyunyg ddata

Lsarm B

How o d parsled computers welh BT reistmics mel paaiiel compa
Fnfatn Blalncwrer



Help within R

?eryword!!
??"keyword”

Example-

= Thkmeans

= 77kmeans



Functions Used in this Lesson

function(x)

for

library
install.packages
update.packages
Is

rm

print



Citations and References

= citation()
To cite R in publications use:

R Core Tearn (2015). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL hitp:/fwww.R-project.orgl.



Introductory R

= Bys.Date()

[1] "2015-05-10°

> Sys.time{)

[1] "2015-05-10 18:28:32 I5T"



R as a Calculator
Basic Math on R Console

mean
sum

sd

log
median
exp



Demo-
Basic Mat;h on R Console

R ——
B b e b Dot e— b

Hint- Ctrl +L clears screen




Demo-

) Basic Objects on R Console
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Functions and Loops

* Loops
for (number in 1:5){ print (hnumber) }



Functions and Loops

* Function
functionajay=function(a)(a®2+2*a+1)

Hint: Always match brackets

Each ( deserves a )

Each { deserves a }

Each [ deserves a ]



Other sources to learn R

swirlstats

http:fswirtstatls com/

datacamp

hitpsShwnenw dalacamp, comd

codeschool

hitpeiinyr.codaschool com/

coursera

hitps-feenw coursera. orgicourse/compdata

hitps-ihsenw coursara, org/coursamprog

{swirl }



Good coding practices

* Use # for comment
* Use git for version control
* Use Rstudio for multiple lines of code



Functionsin R

* custom functions
* source code for a function
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HOMEWORK TIME !




Learning Objectives

e how to input data in R using various ways

how to check for correct data input

e how to use special packages for fast data
input

e how to input data from statistical file formats

how to input data from databases

e how to input data from web (web scraping)



What will you learn from this lesson

- data input from various kinds of format

- efficient data input via various packages
- sgltoR

- web scraping

- piping in R

- usingjsonin R



Environment

Is() -lists objects
rm()-removes an object

gc() -does garbage collection and frees up
memory



P g -

Tarspie

Copyright (C) 2015 The R Foundation For Statistical Computing
Platfern: L686-pc-linus-gou (32-bit)

R s free software and comes with ABSOLUTELY NO HWARRANMTY.
You are welcone to redistribute it under certain conditlons.
Type "license()" or "licence()’' Ffor distribution details.

Matural language support but rumning in an English locale

R is a collaborative preject with many contributors.
Type ‘contributors(}’ for more information and
‘eltatlon()" on hew to clte B or R packages in publicatlens.

Type "dema{)’ for some demos, ‘help()” for on-line help, or
‘help.start{)’' for an HTML browser interface te help.
Type ‘gl)’ to quit A.

[Workspace loaded from =/.RData)
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Data
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You are welcone to redistribute it under certain conditlons. L Ualoes
Type "license()" or "licence()’' Ffor distribution details. 1 0L
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File System

getwd()- get working directory
setwd()- set or change working directory
dir() - lists files in working directory
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Assigning

objectname=read.csv(filepath,parameters)
OR
objectname<-read.csv(filepath,parameters)



Data Input

read.table() or read.csv()
read.spss()
read.sas7bdat()



read.table()

W Bt bt

Data Input

Description
Rrmis o e m bable v ol c1rmier 0 haes B Bom i ol g orrrpodeg b e el el o Skl m B e

Unage

e vl fLde, Sesser = FLLIE, sap = S5, geeaw = SE0E,
= L%, pammpuls = pd%allew. loss®, “sarm.lase®, Smz.lase®i,
e Aamed; Tl Reked; 808 F | FriegedaFertane,
I T T P ———
wiig = I, check.nasss = TREN. fill = “Bleak.lises.siag.
UL AR S FRLEE. LN lLEed. s = SE,
ommsat Ay = SHS,
dLirelrmager = FLLIN. Flewd = FLLPE.
wuniagkafariary = safaedi.Funiapakefanans i,
Filslnsnding = "%, suskdisg = “sAmeseT, Leeil. sEiglsl = FRLETY

e e file. Rasdar = TEOE. sap o T, geds = T,
s ® T, EiLL S THGN, eemmest.sbad = T, 0

i, ovidl ifike; eader ~ TRON,; smp = 1%, pguite = "\,
. = T, FLll * TISK. Rl . 0al = " ...00

rewd .IiJ.IIJ'l]I aslaid = THOL. g = "% eEEe = T,
- e Pl) = TEEY, SRR RET = %R, . .0

FRad. BREANI ITRIS. Beader = THEN, #aE = TV, peEie = 7
S = %%, P11l = THEE, commsns.mhar = ==,

Arqnaments
hittps-istat.ethz.ch/R-manual/R-devellibrany/utils/himliread. table. html



Statistical formats

* read.spss from foreign package
* read. sas?bdat from sas7bdat package
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Manual Entry
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Manual Editing
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Manual Editing




readr from Hadley

The goal of readr is to provide a fast and friendly way to read tabular data into R, The mosl imporant functions are:

¢ Read delimited files: read_delinf), read_csv(), read_tsvi), read_csv2().
¢ Read fixed width files: read_fwf( ), read_table().

= Read ings: read_lines().

s Read whole file: read_file().

# Re-parse exisling data frame: type_convert(}).

hitps:fgithub.comhadiayireadr



readr from Hadley
Source Data - https://bit.ly/dsdata

= library{readr)
= system. tine( read_csv( “Blgllanonds.csv™))
I::::l:::::::::::I:::::::::::l:::::::::::::::::::::::::::::::::::::::::::::::::::l lm
uier dyitem elapied
2.396 8.868 2.4848
Harnwrg message!
597311 problems parsing 'BlgDlamcnds.csv'. See problemi(...) for more detalls.



readx| from Hadley

Readu supports both the legacy .x1s format and the modern xml-based . «1sx format. .x1ssupport is made possible
the with libxls C library, which abstracts away many of the complexities of the underlying binary formal. To parse
.xlsx, we use the RapidXML C++ library.

read_gxcel{ "my-old-spreadshoot . x15%)

read_excel( “my-new-spreadsheet.xlsx™)

read_excel( "my-spreadsheet.x1ls”, sheet = "data®™)
read_excel("my-spreadshest. xls™, sheet = 2)
read_excel( “my-spreadsheet.xls™, na = “NA®)

https:igithub, commhadieyreadxl



data.table

fread is the fastest way to read data

» b=fread{ "BligDiamonds.cav”™)
Read 50824 rows and 13 (of 13) coloans from 6.845 CB flle in G0:58:04



data.table

fread is the fastest way to read data

» b=fread{ "BligDiamonds.cav”™)
Read 50824 rows and 13 (of 13) coloans from 6.845 CB flle in G0:58:04



data.table

fread is the fastest way to read data

» systen. tine{ read_csv(“Blghilamonds.cav™))
user system elapsed
2.552 @B.028 2.581

Marning message:

557311 probloms parsing ‘BigDismonds.csv’. See problems(...) for more details.

= systen. time( fread( "BlgDlononds.cav”))
user sSyitesn elapsed
1.532 8.2 1.548

» systen. time{read. cav( 8igDlanonds.csv”™))
user systen elapsed

!P.!D! 8.032 10.922



Some learnings

1. Multiple packages can do the same thing faster or slower in R
2. Knowing the right package is the essential difference as a data scientist
3. Putting code within system.time() helps measure speed

also sea hitp:/adv-r.iad co.ng'Frofiling himl for advanced willys 10 spped up code



Creating DSN (Optional)
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Creating DSN (in Windows)

A Daka Sourcs Nama (DSN) & 1he logical name that is used by Open Database Connaclivity (ODBC) 1o raler 1o 1ha drive and athar information

that is required fo access data. The name is use by Intamet Information Services for a conneclion to an ODBC dala source, such as a Microsoft

S0 Server database

hitps-support. microsolt. comien-uskbikbwiew 300506




Creating DSN (in Windows)

1. Click Start, point to Contral Panel, double-click Adminlstrative Tools, and then double-click Data Seurces{ODBC).
Click the System DSN lab, and then cick Add.

Click the database driver that corresponds with lhe dalabase type lo which you are connecling, and then click Finish.

A p

Type the data sowrce name. Make sure that you choose a name thal you can remember. You will need Lo use this name
later,

5. Click Select

6. Click the cormact database, and then click OK.

7. Click OK, and then click O,

hitps-fsupport microsoft. comien-uskbkbview 300595




Creatmg DSN

QDBC Driwers that are it alied on your syshem

Harme Vermon Compary

My SGL ODEC 5.1 Dover JERTRCRL Cracie Coporabon

PostgreS0L ANSIcES] 3000290 Postgre 50 Global Development Grou.
PostoreSOL Unieodafetd] 5.00.03.10 PosigeSOlL Giobal Developmant Grey
SOL Senver 501, 7601 17514 Mcrosalt Coporabon
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A IDDBC deiver plovws DDBC-snabled programs fo gl informaion e
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Creating DSN
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Creating DSN

Mu.r'."n-}
Connector/ODBC

©

Conmechon Parameters

Diatn Source Pame;  MYSL

Desarigibon:

& TCPP Server: oot Port: 106

O Mamed Pipe:

User:  rpat

Paspword:  ®0

— - =

o) [ ] [Cep ]




Creating DSN
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RODBC

= library(RODBC)

> odbcDataSourceas()

> ajay=odbcConnect{"MySOL" uid="rool”, pwd="XX")
= ajay

= sqlTables{ajay)

>lesled=s5qlFelch{ajay, host”)



From Databases

The RODBC package provides access to databases through
an ODBC interface.

The primary functions are

* odbcConnect(dsn, uid="", pwd="") Open a connection
to an ODBC database

* sqlFetch(channel, sqitable) Read a table from an ODBC
database into a data frame

Hint- a good site to revise R
http://www.statmethods.net




sqlite

hitp:/feran. r-project ormgfweb/packages/RSOLAeRS0L ite. pdf embeds the S0OLite database engine in R and provides an interface
compliant with tho DBI packago.

SQLite is a software library that implements a self-contained, serverless, zerg-configuration, transactional SQL
database engine.

SQLite is the most widely deployed database engine in the world

library(RSQLite)

con <- dbConnect{"sgQLite”, dbname = “sample db")

g road csv Flle into sgql] database

dbWriteTable{con, name="sample_data®, value="sasple_data.csv®, row.naees=FALSE, header=TRUE, sep = °,%)

hitp:Versn r-progect omfwalvpackagea/sgldiindes. Mmi Manipulate R data frames using SOL

read.csw.sql In the sqldf package Imporls dala Inlo a lemporary SOLie database and then reads it inlo R.



A Detour to SQL Joins (Optional)

SQL JOINS
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RMySQL

install packages{"RMy5S0L")
library| RMySQL)

mydb = dbConnect{ MySOL{), user="usar', passwaord="password’, dbname="'dalabase_name', host="hosl’)

dbListTables{mydb)

dbListFialds(mydh, ‘some_table’)

dbSendQuearyimydb, 'drop table if exists some_lable, some_other_table’)

dbWWrite Table{mydb. name="able_name’, value=dala_frame.nami)



Other databases

PDStg re S Q L hillp:/icran,r-projeci ongiwebi/packagesRPosigre SOLY

M 0 n g DD B I1I|i1_ .'|'I,":H_'I.""I_|-I,H'{Ilﬂi_'.| nrg-".'\.'ﬁl |.'I|a|':k:_'||_:;,esp'|1'.{‘|r|g||I:Iv|':l||‘||'|{::i._‘.'|l il

CO u C h D B hitp./icran. r-project. org/web/packages/couchDBfindex. hitm|

M 0 n et D B bilpdicran r-project orgiweblpackagesManalDB. Riindeax. tibml




Other data sources

Cassandra with R hitp:iferan r-project.orgfiwebipackages/RCassandra/RCassandra,pdf

Neodj with R

hitp:ifthings-about-r.iumbdr.comipost'd 7392 31457 Bivenue-recommendation-a-simple-use-Casa-connacting-r

R with Hadﬂﬂp stﬂ(‘.k hitps-/github. com/RevolulionAnalytics/RHadoop/ wiki

«  NEW! ravro - read and write files in avro formal

* plyrmr - higher level plyr-tike data processing for structured data, powered by rar
&« r - functions praviding Hadoop MapReduce functionality in R

s rhdfs - functions providing file management of the HDFS from within R

= rhbasa - functions providing database management for the HBase disinbuled database from within R

hitps:\lamplab-exiras.github.io/SparkR-pkg’ SparkR is an R package o use Spark from R.



Web Scraping

Web scraping (web harvesting or web data extraction) is a computer software technigue of extracting information from
wiebsites.

example - python (scrapy and beautiful soup)

Meet Scrapy oo~ :?-;;yn.zd.




Web Scraping

* readlines

T ER T T U T e

* ajaysreadlines (Grl)

Errori could mot find Puhction ®resdiines=
* ajay=resdlihms (arli

= head |sjay)

1 ="=1DOCTTYFE html=" g
==i-=[4f (gt TE #) |1 (EE))> <1--> «html lapg=\"sn\" clasm=\"no-js sdition-domsstic app-homspage’\= itemscops smimneiogh
£ IE ¥]> <html lang=%"sny” glass=y"mo-ip ief lt-ield sdition-domsstic app-homspage’™ EELns og=%"hCop s/ opengrk
IE B> <himl lang=\ %W ol =y*mo-18 ied lt-ield lt-iad sdition-domsstlc app-hosspage’™ Esinsiog=y"htopl/s =
fir fE B)]> <html lang=\"sn\" class=4"no-15 1t-1810 lt-is% lr-fef sditicn-domsstic app-hosspagey™ omlnsiog=8
Sahmans* e

1 a4 abI-ad hiddans =L fdlve |
21 d propl-sd Riddeny™sL/dlvs" £
a1 =, "propdy” clase=\"ad propl-sd hiddeny"ssdivs" 5
4] ==div ld=\"Anohory™ class=%"ad anchor-ad hiddeny” >/ alve" E
Bl g
& =

"sacript typs=\"textsjavascripty"swindow . NREUM) | (RREIM= | ] § i NREUH, inTo={ % "Deaceny ™ 1 "eacon -6 . newrelio. comy ™, 4" 1icens
] =s/htmi==

Other packages are XML and Curl

Case Study- http://decisionstats.com/2013/04/14/using-r-for-cricket-analysis-rstats/



curl

cURL is a computer sofiware project providing a library and command-line tool for transferring dala using various
protocols. The cURL project produces two products, ibcurd and cURL.

The RCurl package is an R-interface to the |ibcur] library that provides HTTP facilities. This allows us to download
files from Web servers, post forms, use HTTPS (the secure HTTP), use persistent connections, upload files, use
binary content, handle redirects, password authentication, etc.

The primary top-level entry points are
L]

getURLContent(]

getForm( ]

postForm()

hittpe /v omegahat. cra/RCudiRCurd /S5 pdl




LI el T -

) e =

R I (=] Sesimoniaw 0 -

'c U I' 1 pibrary(Rturl)
7 h = getCurlHandle()
1 getURI{ “http: [ /www. cnmegahat.org/RCurl/index.hinl®, curl = h)
4 names(getCurlinfo(h))

1L i iTop Lewsti &
Comimis .
copl “=REventLoop</a=).\nHe can potentially turn them into regulas
l.AnininehZsLicense«/hZ>\nThis is distributed under the <a hrefs
e<fax\nin the same spirit as libcurl Ltself.\n\n<hr=\n<address»«
Temple Lang<fas\n<a href=nalilto:duncanfuald.ucdavis.edu=a1t;dunci
t --»\nLast modifled: Mon May 25 11:35:38 POT 2089\n<!-- hhats eor
= names{getlurllnfolh}}

[1] “effective.url” “response, code” “total.
[5] “connect.time” “pretransfer.time” “sire.u
[9] *speed.download” “speed.upload” “header
[13] “ssl.verifyresult” “flletine” “conten!
[17] “starttransfer.time” “content. type” “redire
[21] “private® “http.connectcode” “httpau
[25] “es.errmpo” “nun, connects” “s5l.en
[29] "“lastsocket™ “ftp.entry.path” “redire

[33] “appcomnect.tine” “certinfe® “condlt]
»



XML

Qi+~ bl i ol

[T} Srre on i 4 - dham  Ed
1 KUbrary(XNL)
theurl="http://stats.espacricinfo. confel fenglne/stats findex. hinl Pelass=l; teanst; tonplatesresul ts; typeshatting”
ENote § can also break the wrl string and use paste cormand to modify this url with paresaters
table? - readHTHATablel thewrl)
table_crickets=tablez: " tverall figures®
head| table_cricket)

- oia e e R

Tammsin
Library(NAL)
thewr l=“http: [ /stats. espnericinfo. comfel fongine/stats/ index himlTclasse1; team=6; tenplatesresulis; typesbatting®
EHote 1 cen alao break the wrl string and wie paste conmand to modify this wrl with pararsters
table? <« readHTALTableltheurl)
table_cricket=tableds"Owverall flgures”
head{ table_cricket)
Flayer Span Mat Inns WO Runs HS  Awe 100 50 0
SR Tendulksr 1989-2013 288 329 33 15921 248 53,78 51 &8 14
R Dravid 1996-2002 163 284 3 13265 270 5T.63 36 63 T
SM Gawaskar 1971-1587 12§ 204 16 10122 236* 51.127 34 45 12
VWS Lanmah 1996-2002 134 225 34 ATHL 281 45.97 AT 56 14
V Sphwag 2061-2013 183 178 & 8503 319 49.43 23 31 16
S Canguly 1996-2688 113 188 17 728} 239 42.07 16 35 13

LR ]

B R e



= library{jsonlite)

Attaching package: *jsenlite’

json fo rmat The following object is masked from *package:utils’:

View B

= Library(httr)
= Library(curl)

Json[]te for Json data = plps <- stream_ln{curl{“https://medla.mongodb.org/zlps. json™))
opening curl input conmection.
Found 23353 Lines...
binding pages together (mo custon hamdler).
closing curl input comnection.
-

itg;ars ; 1403,2605 = head(zips)

4 elty lee pop state
1 01001 AGAMAM -T2.62274, 42.07821 15338  AA
2 e1002 CUSHMAN -T2,51565, 42.37702 36963 MA
3 a1eas BARRE -72,18835, 42.40970 4546 L
4 D107 BELCHERTOWN -72.41095, 42.27510 10579 Hi
S 01608 BLANDFOAD -72.93611, 42.18255 1248  MA
[ FB-Iw\i:l.! BRIMFIELD -T2.18846, 42.11654 3786  MA

72.8TATHY, AT.GTEISG |, "pop” | LRIOE, “wieie” |
AR =1 3w

'tlll-‘l:h‘
1 “CeRTERF H.l.n




json format
jsonlite for json data

hitp:anciv,org/abs/1403,2805

B Ui 1% =
ki i O s |
library] jsonlite)
Lris2=tolS0M iris)
head(iris2)
Lris3sfromdSON( Lris2)
headfirisd) b

0L e R e

l\..:.' g-lla.l.r-\.-r
Ceneess
dth}y":2.3.\"Specles) "\ "virginlcal "}, {\ " Sepal.Length\ " :6.7.
50" Specles) "\ "virginlea\ "), (\"Sepal.Length) " :6.7,\ " Sepal.
a5\ "\ "vlrginical "}, {\"Sepal. Length\ " : 6.3, \ "Sepal. Widthy":2.
ginical "}, [\ "Sepal.Lengthy"16.5,) "Sepal Width\":3,} "Petal.Le
“Sepal.Lengthy”:6.2,\ " Sepal. Widthy " 3.4, "Petal.Length) ":5.4
ength":5.9,\"Sepal .Width\":1,\"Petal. Length\ " :5.1,\"Petal.k
#= Lrisi=From]SOM(iris2)
» hoad(irisl)

Sepal.Length Sepal.Width Petal.Length Petal.wWidth Specles

1 5.1 1.5 1.4 0.2 setosa
2 4,9 3.a 1.4 8.2 sotosa
3 4.7 .z 1.3 8.2 sotosa
4 4.6 3.1 1.5 0.2 setess
5 5.0 1.6 1.4 0.2 =etosa
& L ] 3.9 1.7 0.4 sotosa



Using APIs for data
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ff package

hitp:/foran. r-project omfweb/packages/Hindex_himl

The ff package provides data structures thal are slored on disk but behave (almost) as if they were in RAM by transparently
mapping only a section (pagesize) in main memory - the effective virual memory consumplion per if object.

hitp:eran. r-project org'webipackages/fhaseindas himl
Basic (slatstical) functionality for package i
Example- hiip:/fwww bnosac. belindex.php/blog/22-il-you-are-inie-large-data-and-work-a-lol-package-fi

Also sea hitplicran.r-project. orghwebl/packages/bigmemoanyfindex. himl

Create, slore, access, and manipulale massive matrices, Matrices are allocated (o shared memory and may use memaory-mapped
files. Packages biganalylics, biglabulate, synchronicity, and bigalgebra provide advanced functionality



RevoScaleR package

RevoScaleR has its own file formal, XDF, which is able lo rapidly access dala by row or by column and to read some
data sequentially, XDF file data is stored in the same binary format used in memory, which eliminates the need for
conversion when il is t:rnnqh'. [y} {s] n'rr-!n'!r.\nlr.

hitp:ffwwaw revolutionanalytics.comirevolution-r-anterprise-scaler



rhdf5

This RiBioconducior package provides an interface betwean HOFS and R, HOF5's main fealuras are the ability to store and

access very large and/or complex datasels and a wide vanety of metadata on mass storage (disk) through a complately portabla
file format,

HDFS is a data model, lsbrary, and file formal for stodng and managing data, Il suppodts an unlimited variaty of datatypes, and s
designed for flexible and efficient 'O and Tor high volume and complex data. HOFS is porfable and is extensible, allowing
applications to avolve in their use of HDF5.

o Jhdfgr HOF!

HDFS simplifies the file struclure 1o include only two major types of object:

& Datasets, which are multidimensional arrays of 8 homogeneous typa
s Groups, which are container structures which can hold datasets and olher groups
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Functions Used in this lesson

e toJSON and fromJSON



Packages

e data.table
e jsonlite
e rvest



Revision

getwd

setwd

dir

Is

rm
Install.packages
library

fread vs read,csv

DA[i,j]
Df$column
str
summary
table

citation
help



Revision

mean

std
median
length
Vector
data.frame

Indexing
class
nrow
ncol
head
tail
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