Getting Started

* Download and install R + Rstudio

« TACC
— ssh username@wrangler.tacc.utexas.edu
— % module load Rstats
- %R
« Slides
— R-Intro: http://bit.ly/2bjYIdT
— R-Analytics: http://bit.ly/2boe4Cn
— R-HPC: http://bit.ly/2b0BMPS
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Schedule

e |ntroductionto R -9:15to 10:15
* Break

* R Analytics - 10:30 to 11:30

* Lunch

* R for HPC - 1-2:00
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Introduction to R
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Data Group
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R-project background

 Origin and History

— Initially written by Ross Ihaka and Robert Gentleman
at Dep. of Statistics of U of Auckland, New Zealand
during 1990s.

— An offspring of S: Bell Labs, interactive Fortran/C
— International project since 1997/Beta release 200
— Explosive growth last 10 years

* Open source with GPL license
— Free to anyone
— In active development *
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What R does

R Iis a programming environment for statistical and data
analysis computations.

Core Package

Statistical functions

Plotting and graphics

Data handling and storage
predefined data reader
textual, regular expressions
hashing

Data analysis functions

Programming support:
loops, branching, subroutines
Object Oriented

Extensive community contributed packages.
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R’s Popularity

http://www.r-bloggers.com/new-surveys-show-continued-popularity-of-r/




R command line interface on cluster

loginlg R

F wersion 2.15.1 [(2012-06-22) -- "Roastec -'"hmnllum"
Copyright (C) 2012 The E Foundation for stical Computing
ISEN 3-900051-07-0

Platform: x86_ 6d-unknowm-limp-grnu (64d-bit)

F iz free software and comes with ABS0LUTELY NO WARRANTY.

¥ou are welcome to redistribute 1t under certalih conditions.
Tvype 'license()' or 'licence()' for distribution details.

Natural lancuage support but running in an English locale
F i1z a collaborative project with many contributors.

Tvpe 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

vhe 'demo()' for some demos, ‘helpi)' for on-line help, ok
'help.start()' for an HTHML browser interface to help.
Type 'gi)' to quit R.
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RStudio: A better user interface of R

« RStudio is an open source graphical user
environment for R users.

« RStudio allow users to
— Interactive code development
— Run R scripts
— Exploring local file system
— Viewing data file
— Viewing graphical output from R

TRCC
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Source Editor +
Interactive
highlight+run

Interactive
Console

RStudio GUI

(8]
Fle Edit Code View Plots Session Project Bulld Tools Help

ol

(bridgeR% QHWO7R*  OProfilePlots.R

Sourceon Save | Oy “Hfun | 59 b Source -

c(408,274.7,243

c(331,311.7,230.7

16 ms25 <- cbind(ms2580, ms25160,

17 ms35 < cbind(ns3580, ms35160
s c(10,25,40

14 ms3580
15 ms35160

postscript("u:/meth2/psfiles/shrimpsaldent25.ps”,horizontal
matplot(s,ms25, type="b" ,xlab="salinity Level %"',ylab="Weight Gain (mg)®,
main="Profile Plot of Salinity by Density with Temp=25",cex=.75,
col="black’,
ylim=c(0,500) ,xlim=c(10,40), lab=c(3,10,5) ,pch=c ("#*') ,xaxt="n"
axis(side=1,at=c(10,25,40), labels=c(10,25, 40
Tegend (16,500, peh=c (*##*) , Legend=c (* DEN=80" , * DEN=160"

postscript(*u:/meth2/psfiles/shrimpsaldent3s.ps”,horizontal=F

matplot(s,ms35, type="b",xlab="salinity Level %',ylab="Weight Gain (mg)',
main="Profile Plot of Salinity by Density with Temp=35",cex=.75,
col="black’,
ylim=c(0,500) ,xlin=c(10,40), lab=¢(3,10,5) ,pch=c (*#**) , xaxt="n"
[xis (side=1,at=c(10,25,40), labels=c(10,25,40) )

wow w

Tlegend (10,500, pch=c ("#*" ) , Legend=c " DEN=80" , "DEN=160" ) )

wwww
BREUBRRBY

w

1 (Untitled) R Script

Console
11] 0.5477226

> View(nyc)

> data < read.csv(file='./642/HW/06/P4- data.csv')
>

> Ms2580 <- c(70.3,465.7,359.0)

> ms25160 < ¢(70.7,333.0,252.3)

> ms3580 <- c(408,274.7,243)

> ms35160 < c(331,311.7,230.7)

> ms25 <- cbind(ms2580, ms25160)

> ms35 <- chind(ms3580, ms35160)

> 5 < ¢(10,25,40)

>

> postscript(*u:/meth2/psfiles/shrimpsaldent2s.ps*, horizontal=FALSE)

Error in postscript('u:/meth2/psfiles/shrimpsaldent25.ps', horizental = FALSE) :
cannot open file 'u:/meth2/psfiles/shrimpsaldent2s.ps’

blot(s,ms25, type="b" ,xlab="salinity Level %"',ylab="Weight Gain (mg)*,
main="Profile Plot of Salinity by Density with Temp=25",cex=.75,
+ col="black",
+ ylim=c(9,500) ,xl1m=c(10,40), lab=c(3,10,5) ,pch=c (*#*') ,xaxt="n")
> axis(side=1,at=c(10,25,40), labels=c(10,25,40))
> legend (10,500, pch=c (*##) , Lagend=c (" DEN=80" , "DEN=160" ) )
>

> postscript(*u:/meth2/psfiles/shrimpsaldent3s.ps*,horizontal=FALSE)
Error in postscript (*u: /methz/psfiles/shrimpsaldent3s.ps’, horizontal = FALSE) :
cannot open file 'u:/meth2/psfiles/shrimpsaldent3s.ps’

>

B
> matplot(s,ms3s, type="b" ,xlab="salinity Level %',ylab="Weight Gain (mg)’,
+ main="Profile Plot of Salinity by Density with Temp=35",cex=.75,
+ col="black",

+ ylim=c(9,500) ,xl1m=c(10,40), lab=c(3,10,5) ,pch=c (*#*') , xaxt="n")
> axis(side=1,at=c(10,25,40), labels=c(10,25,40))

> legend (10,500, pch=c ("#+"), Legend=c (* DEN=80" , *DEN=160" ]}

>

~[Dropbox/Classes/GradSchool - Rtudio

Waorkspace  History

? @ | T8 ToConsole | =@ToSource | @]

sd(x2)

View(nyc)

data <- read.csv(file='./642/Hi/06/P4-data.

ms2580 < ¢(70.3,465.7,359.0)

ns25160 <- c(70.7,333.0,252.3)

ms3580 <- ¢(408,274.7,243)

ms35160 <- c(331,311.7,230.7)

ms25 < chind(ms2580,ms25160)

ms35 <- chind(ms3580,ms35160)

s < ¢(10,25,40)
postscript(*u:/meth2/psfiles/shrimpsaldent2s. ps*, horizontal=FALSE)
matplot (s, ms25, type="b", xlab="salinity Level %",ylab="Weight Gain (mg)’,
main="Profile Plot of Salinity by Density with Temp=25",cex=.75,
col="black",

ylim=c(0,500) ,xlin=c(10,40), lab=c(3,10,5) ,pch=c("#*' ), xaxt="n")
axis(side=1,at=c(10,25,40),labels=c(10,25,40) )

legend(10,500, pch=c("#*" ), legend=c("DEN=80" " DEN=160") )
postscript(*u:/meth2/psfiles/shrimpsaldent3s. ps*,horizontal=FALSE)
matplot (s,ms35, type="b", xlab="salinity Level %",ylab="Weight Gain (mg)",
main="Profile Plot of Salinity by Density with Temp=35",cex=.75,
col="black",

~ ylim=c(0,500) ,xlin=c(10,40), lab=c(3,10,5) ,pch=c("#*'),xaxt="n")

axis(side=1,at=c(10,25,40) , Labels=c (10, 25,40) )
legend( 10,500, pch=c("#*" ), legend=c "DEN=80" " DEN=160") )

Files Plots Packages Help

] B zoom | EExport- | @] | Clear Al

Profile Plot of Salinity by Density with Temp=35

&) GradSchool — Classes »

Session
History

# DEN=80
+ DEN=160

Weight Gain (mg)

Plots
Management

salinity Level %

THE UNIVERSITY OF TEXAS AT AUSTIN

TEXAS ADVANCED COMPUTING CENTER




RStudio GUI

0ol - Rtudio
ion Project Build Tool

ObridgeRx (HWOTR< (]ProfilePlots.® Workspace  History
T +Import Dat:
Case Restaurant
g Daniella 8 of 7 variables
= 2 Tello's Risf te 9 3x2 double matrix
Data Viewer sincchino

3x2 double matrix
Bottino 2 - e o
168 obs. of 7 variables
Da Umberto 2 s

: T Variable/Envi

ronment
im
Cinque Terre m

L : Viewer

m.

numeric[3]
numeric[3]
numeric([3]
numeric[3]

9

Console les Plots Packages Help
. @ New Folder | @] Delete | Rename | {3 More
R version 3.0. 3-09- - = =

Platform: x

ith A
te it under
)+ for di

Repository (CRAN)

parate muttiple with space or comma}

{ snow

| SmowballC

| snowfall
snowFT

Iy
JIRix86_64-redhat-linux-gnu-ibrary/3.

= Iristall dependenci

Package

Install e nalFac 55l o . Ile
Management ‘ ;

S24lnies . @waling: basl Documents Dol |

G@ THE UNIVERSITY OF TEXAS AT AUSTIN
Ak TEXAS ADVANCED COMPUTING CENTER



Project + Source
Control
Integration

Interactive Help

(]
Fle Edit Code View Plots Session Project Build Tools Help
Q- -

0fbridgeR+ @]HWOTR% ©1ProfilePlots R
Restaurant Price Food Decor Sewice East
Daniell, Create Project
Tello's
Birichi  Create project from:
Botting
Dauml
Le Mad New Project
Le Zie \ Start a proje

Pasticc
Bellung
Cingug Existing Directory

Nicola |
B

12 Notaro| il Version Control
15 Ressini ‘ eckout 3 project
16 Trattor

17 villa Be

18 1 Posti

19 Lunz B

20 San Giusto

21 Grifane.

Console
> legend(10,500, pch=c("#*"), Legend=c (" DEN=80", " DEN=160") ]
>

> postscript('u:/meth2/psfiles/shrimpsaldent3S. ps",horizontal =FALSE)

RStudio GUI

~[Dropbox/Classes/GradS chool - RStudio

168 observations of 7 variables

I

Error in postscript(®u:/meth2/psfiles/shrimpsaldent35.ps®, horizontal = FALSE) :

cannot open file 'u:/meth2/psfiles/shrimpsaldent3S.ps'

matplot(s,ms3S, type="b", xlab="salinity Level %',ylab="Weight Gain

main=

col="black’,
ylim=c(0,500),x1im=c(10,40), lab=c(3,10,5),,pch=c("#*') , xaxt:

axis(side=1,at=c(10,25,40), labels=c(10,25,40))
Teqend(10,500, pch=c ("#*') , lagend=c (" DEN=80" , " DEN=160" ) )
?snow

No documentation for “snow” in specified packages and libraries:

you could try ‘?7snow’

> library(snow)

> ?snow

No documentation for ‘snow” in specified packages and libraries:

you could try ‘77snow’

> mclapply

No documentation for ‘mclapply’ in specified packages and libraries:

you could try “??meclapply”

> library(parallel)

Attaching package: ‘parallel’

The following ohjects are masked from ‘package:snow”:

(mg) ",

Profile Plot of Salinity by Density with Temp=35",cex=.75,

i)

clusterapply, clusterApplylB, clusterCall, clusterEvalQ, clusterExport, clusterMap,
clustersplit, makeCluster, parapply, parCapply, parLapply, parRapply, parSapply, splitIndices,

stopCluster

ingebosh =10 | ) ~ropboqcless | (3 eyt

Workspace  History

# [ | _#import Datasets | 3

Data

data 11 obs. of 7 variables
ms25 3x2 double matrix

ms35 3x2 double matrix

nyc 168 obs. of 7 variables
statesp 28 obs. of G variables
Values

F 0.704166666666667

In.a n[12]

n.c nl12]

n.d n[12]

JUR] n[13]

ms25160 numeric[3]

52580 numeric[3]

ms35160 numeric(3
ms3580 numeric[3
p 0.9
p.val 0.425750037919668
r 1

]
1

Files Plots Packages Help

2 Bodi=fa

% Parallel Versions of lapply’ and mapply’ using Forking +

melapply {paraliel}

Parallel Versions of 1apply and mapply using Forking

Description

& GradSchool — Classes ~

R Documentation

mclapply is a paralielized version of lapply, it retums a list of the same length as X, each element of which is the result of applying FUN to the

corresponding element of X.
It relies on forking and hence is not available on Windows unless mc.cores = 1

memapply is a parallelized version of mapply, and mcMap corresponds to Hap.
Usage

mclapply(X, FUN, ...,
nc.preschedule = TRUE, mc.set.seed = TRUE,
me.silent = FALSE, mc.cores = getOption("mc.cores”, 2L),
me.cleanup = TRUE, mc.allow.recursive = TRUE)
memapply(FUN, ...,
MoreArgs = NULL, SIMPLIFY = TRUE, USE.NAMES = TRUE,
mc.preschedule = TRUE, mc.set.seed = TRUE,
mc.silent = FALSE, mc.cores = getOption("me.cores”, 2L),
me.cleanup = TRUE)

nchap(f, ...)

Arguments

{83 Task Coach - hor SR - 4d3.png [modifi-

Interactive Help
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Basic Syntax

G@ THE UNIVERSITY OF TEXAS AT AUSTIN
Ak TEXAS ADVANCED COMPUTING CENTER



Math Operations

* R as a calculator
—+,-,/,% 7 log, exp, ...




Variables

e Numeric




Assigning Values to Variables

TN

° “<_” Or =

— Combine, c()
— Stdin, scan()
— Series, seq()

u I R Y S L T % T = I
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NA: Missing Value

 Variables of each data type (numeric, character,
logical) can also take the value NA: not available.
« NA is not the same as 0
* NA is not the same as “”
« NA is not the same as FALSE

Any operations (calculations, comparisons) that involve
NA may or may not produce NA:

> NA | TRUE
[1] TRUE

> NA | FALSE > max{c{(l,2,3, HNA))
[1] HA (1] NHA

> NA & TRUE > max{c(l,2,3,NA), na.rm=T)
[1] NA 17 -

> NA & FALSE
[1] FALSE




Basic Data Structure

> # Vectors
- “3 :{:rljl__ lII

* Vector

— an ordered collection of data
of the same type

— a single number is the special
case of a vector with 1
element.

— Usually accessed by index
= rlt:!.-ﬁ.fha_}
[1] 3
> sum(a)

[1] 6

TRCC



Basic Data Structure

 Matrix

— Rows, Columns

— Single data type

— Linear algebra
computations

TRCC



Basic Data Structure

* List
— an ordered collection of data of arbitrary types.
— name-value pair
— Accessible by name




* R handles data in objects known as dataframes

— rows: data items;
— columns: values of the different attributes

 Values in each column should be from the same type.
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Built In Data Sets

* R provides many pre-installed data sets
 data()

. data(mtcars) R

Motor Trend Car Road Tests

Description

nsumption and 10

A data frame with

[. 11 mp
. 2] cyl

. 5] drat

[, 6] wt

[. 71q

ic, 1 = manual)
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Read Dataframes From File

» read.table()

the first column contains data label

> worms<—read.table(“worms.txt",header=T,row.naﬁé;=1)

- |

path: in double quotes the first row contains the variables names

— Read tab-delimited file directly.
— Variable name in header row cannot have space.

* To see the content of the dataframes (object) just type is name:

> worms
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Selecting Data from Dataframes

* Subscripts within square brackets
i, means “all the rows” and
,1 means “all the columns”

 To select the first three column of the dataframe
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Selecting Data from Dataframes

* names()
— Get a list of variables attached to the input name

"Vegetation"”

"Worm.density"

— Make the variables accessible by name:

> attach (worms)

TRCC



Selecting Data from Dataframes

* Using logic expression while selecting:
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Selecting Data From a Dataframe

More examples:

Area 3lope Vegetation Soil.pH Damp Worm.density
Pond.Field 4.1 0 Meadow 2.0 TRUE i

0 Meadow 4.9 TRUE

azsland Meadow Scrub

subset rows by a
logical vector

s subset a column

comparison resulting
in logical vector

subset the
selected rows




Sorting Data in Data frames

* order()

State the Area for sorting order
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Sorting Data in Dataframes

* More on sorting selected

sorted in descending order
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str()

» str() provides details on a particular data
structure.

> str{iris)
'data.frame’: 150 obs. of 5 variables:
Sepal.Length: num A.:4:9 4.7 4.
Sepal.Width : num 3.5 3 3.2 3.1
Petal.Length: num . I 2 1.
Petal.Width : num 0.2 0.2 0.2 0.
Species : Factor w/ 3 levels

o

(RS0 BT
L]

3.2 6.4 9.3 0.2 0.2 8
setosa" ,"versicolor™,..+ 11 11111%1%T171.

S
S
g
-
5
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Flow Control

o |f ... else
if (logical expression) {
statements
} else {
alternative statements
}
* else branch is optional
* loops

i=1

while (i<=10) {
print (i*i)
i=i+sqrt (i)

for(i in 1:10) {
print (i*i)

}

TRCC



Flow Control

 apply (arr, margin, fct )
— Applies the function fct along some dimensions of the
vector/matrix arr, according to margin, and returns a vector or
array of the appropriate size.

50il.pH Worm.density

-y ]

wn

S5ilwond.Bottom

(=

[ Y Y Y Y T N |
0O 80 F F [ T N I
Fa R3O T T - T

Pond.Field Water.Meadow

11 0 a0 o
11.0 i

South.Gravel Oak.Mead

6.0




Flow Control

* lapply (list, fct) and sapply (list, fct)
— To each element of the list 11, the
function £ct is applied. The result is a

list whose elements are the individual
fct results.

— Sapply, converting results into a vector
or array of appropriate size

1
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Create Statistical Summary

» Descriptive summary for numerical variables:
— arithmetic mean;

— maximum, minimum, median, 25 and 75 percentiles (first
and third quartile);

 Levels of categorical variables are counted

Vegetation Soil.pH Damp Worm.denzity
= i fin. :3.900 Mode :logical Min.
Grassland:3 13t Qu,:4.075 FALSE:é '

Meadow  :2 {edian : 0 TRUE :

-

Arable

Scrub £ {ean Ni's :0 Mean 14,625
3rd Qu.:6.250




Create Plots

* plof(...)

— Create scatter plot.

> plot(Area, Soil.pH)

TRCC



Create Plots

Histogram of airquality$Temp

» Histograms: visual
frequency distributions

> hist(airquality$Temp)

Iy
=
&
o
€
o
L

r ——//—~‘"1——————— "1/ 1
&0 70 80 an

airguality$Temp
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Other Common Plots

« Univariate:
— histograms,
— density curves,
— Boxplots, quantile-quantile plots
« Bivariate:
— scatter plots with trend lines,
— side-by-side boxplots
« Several variables:
— scatter plot matrices, lattice
— 3-dimensional plots,
— heatmap

TRCC



Mode 1 :EV=215:BP=35,77 Moda 2: EV =166 : BP = 165,43

- .
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temp: 1990-2000
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Residuals
Standardized reslduals

common
Fitted values Theorstical Quantiles

balsam fir

® button mangrove
* desert willow Scale-Location Residuals vs Leverage
w ol7 =]
o o83
quaking aspen &
® sugar maple

tamarack

Standardized residuals

Texas madrone Gooi's ditance

JiSlandardized residuals

yellow birch




Getting help

° “?!! Or “help”
Details about a specific command whose name you
know (input arguments, options, algorithm, results):

EB.SJ. C.Test package:ctest R Documentation
>? t.teSt Student's t-Test

Description:

or performs one and two sample T-tests on wectors of data.

Usage:

cf"two. sided”, "less", "greater"),

.equal = FALSE,

>help(t.test) P et i

t.test{formul;

ata, ;ﬁﬁzéf:iﬂa.actinﬂ, )
Arguments :

x: a numeric wvector of data wvalues.

wi oan optional numeric vector data wvalues.

alternative: a character s C ing the alternative hypothesis,
T (default), ""greater"' or
v just the initial Tletter.

mu: a number indicating the true walue of the mean (or difference
in means if you are performing a two sample test).

paired: a logical indicating whether you want a paired t-test.

var.egual: a logical wariable indicating whether to treat the two
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Importing and exporting data

There are many ways to get data into R and out of R.
Most programs (e.g. Excel), as well as humans, know
how to deal with rectangular tables in the form of
tab-delimited text files.

> X = read.delim(“filename.txt”)
also: read.table, read.csv

> write.table(x, file="“x.txt”, sep=“\t”)
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Saving your work

e history (Inf)

— To review the command lines entered during the
sessions

 savehistory (“history.txt”)
— Save the history of command lines to a text file
e loadhistory (“history. txt”)
— read it back into R
e save(list=ls() ,file="all.Rdata”)
— The session as a whole can be saved as a binary file.
- load (“c:\\temp\\ all.Rdata”)
— Read back saved sessions.
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Additional Libraries and Packages

« Libraries
— Comes with Package installation (Core or others)
— library() shows a list of current installed
— library must be loaded before use e.g.
* library(rpart)
« Packages
— Developed code/libraries outside the core packages
— Can be downloaded and installed separately
* Install.package(“name”)
— There are currently 8,900 packages at

* E.g. Rweka, interface to Weka.
» ggplot2: very popular for ‘building up’ plots
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http://cran.r-project.org/web/packages/
http://cran.r-project.org/web/packages/

Installing Packages on TACC
Systems

R handles package dependencies for you.
 Many packages compile C/Fortan.
 In some cases, additional libraries required.

« [ibXXX.so not found.
« Submit a consulting ticket.
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Installing Packages on TACC
Systems

()' to quit

> install.packages('FrF2')
Warning in install.packages("FrF2") :

'lib =
"lopt/apps/intel14/mvapich2_2_ 0/Rstats/3.0.3/lib64/R/li
brary™" is not writable
Would you like to use a personal library instead?
(y/n)y
Would you like to create a personal library
~/R/x86_64-unknown-linux-gnu-library/3.0
to install packages into? (y/n)y

mpicc -std=gnu99 -fPIC -openmp -mkl=parallel -O3 -xHost
-L/opt/apps/intel/13/composer_xe_2013_sp1.1.106/mkl/lib/in
tel64 -Imkl_rt -shared -fPIC -openmp -mkl=parallel -O3
-xHost
-L/opt/apps/intel/13/composer_xe_2013_sp1.1.106/mkl/lib/in
tel64 -Imkl_rt -o BsMD.so bsmd.o -Imkl_intel_Ip64
-Imkl_intel_thread -Imkl_core -liomp5 -Imkl_rt -lifport
-lifcoremt -limf -Isvml -Im -lipgo -lirc -Ipthread -lirc_s -ldI
-L/opt/apps/intel14/mvapich2_2_ 0/Rstats/3.0.3/lib64/R/lib -IR

()} maverick
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Further references

* R manual:
« Task Views

e Community Blogs
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http://cran.r-project.org/manuals.html
http://cran.r-project.org/manuals.html
https://cran.r-project.org/web/views/
https://cran.r-project.org/web/views/
http://r-bloggers.com
http://r-bloggers.com

David Walling

Break till 10:30

JEBTNME @
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