Lecture #2

The R language and environment
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What is R?

® R is both a language and environment for statistical and
computational analysis

® \Where does the name come from?

Authors: Robert Gentleman and Ross Ihaka and S language play-on
words

® The language is similar to that of Splus, which gets its roots from S
Developed by Bell Labs

® R was developed as a collaborative project from multiple
contributors (CRAN)

You can readily download and contribute “packages” to R

® R software is available free, however there is no support
Splus (on the other hand) is not free, so support is provided



Basic syntax rules

® Procedures in R are implemented as functions
°*  “)” syntax
® i.e.c(4,56) means to concatenate the three numbers into a vector

® R processes are best handled as objects

® If you run any function, assign it to a variable (object) so you can manipulate the
attributes in the object

® Numerical objects are interpreted best in formats of matrices, vectors, data
frames, or lists
¢ Statistical language vs. computer language

® ITo get help with any function in R, use the help function!
® help(mean)

®  ?mean

® To quit out of R, use the quit function
° a0

® Variable assignment is “=* or “<-”



Basic syntax rules (cont.)

® Annotation syntax is “#” (R will not read comments that start with this symbol)

® To view the objects in the database
° IsO

® Remove an object in the database
°* mm()

® Concatenate/combine multiple numbers/objects together
° <0

® Underscores (“_") are not handled well in variable names
® The underscore is synonymous with the “=" and “<-" assignment operators
®  Try to avoid underscores in scripts

® Calculate a mean and variance
®  mean()
°  var()

® View current memory size and set memory limits
®  memory.size(T)
®  memory.limit



Mathematical Calculations

® General math operators

®*>5+5

®*>10-2

°* >10*10

*>25/5

® >372

° >exp(2)

* >log(10)

® >logb(10,2)




Vectors

® \ector syntax

Create a vector
> x <-¢(2,4,6,3,4,6)
>y <-¢(5,6,7,8,8,0)

Specify certain elements of the vector
> x[1:3]
[1] 2 4 6

Remove an element from the vector
> X[-2]
[1] 26 346

Bind 2 vectors together (must be same length)
> x.y.bound <- cbind(x,y) # cbind means column bind



Misc. vector operations

® |ntersect elements of 2 vectors
® > intersect(x,y)
[1] 6
® Diff 2 vectors
* > setdiff(x,y) # what is in x that is not in y?
[1] 2 4 3
® Find length of x vector
® > length(x)
[1] 6




Matrices

® Matrix syntax
®  Create a matrix
> x.matrix <- matrix(data=x,nrow=3,ncol=2)

> x.matrix
[1][,2]
[1] 2 3
[2] 4 4
[8] 6 6

® Look at matrix dimensions
> dim(x.matrix)
[1] 32
®  Specify elements in the matrix
> x.matrix[1:2,2] #rows 1 and 2 of column 2
[1] 3 4
> x.matrix[1,] # rows 1, all columns
[1] 23
®  Transpose the matrix
> x.matrix.t <- t(x.matrix)
> X.matrix.t
(121 [.3]
[1] 2 4 6
2] 3 4 6



Data frames

® Similar syntax to matrices, but have row and column names
¢ Create a data frame
> x.df <- data.frame(x,y)
> x.df
Xy
125
246
367
438
548
660 # has row names (1-6) and column names (x and y)

® Look at row names
> dimnames(x.df)[[1]]
[1] "1™ 2" 3" "4" 5" 6"
® Look at column names
> dimnames(x.df)[[2]]

21"y’



Logical Operators

® R works very well with boolean logic
® Look for values greater than 4 in x.matrix
> X.matrix.g4 <- x.matrix>4
> X.matrix.g4
[1] [2]
[1,] FALSE FALSE
[2,] FALSE FALSE
[3,] TRUE TRUE

® Print only those values out
> x.matrix[x.matrix.g4]
[1] 6 6




Casting

® (Casting is basically changing the data-type from one type to another
® j.e. datais in matrix format and you wish to convert it to a vector:

® use the “as.” syntax followed by the desired data-type
> x.vector <- as.vector(x.matrix) # change to vector
> x.vector
[1]246346
> x.df <- as.data.frame(x.matrix)  # change to dataframe
> x.df
V1Vv2
1 23
2 44
3 66
> x.char <- as.character(x.vector) # change to character
> x.char

[1] "2" "4" "6" "3" "4" "6"

® (Can also check type of data object with “mode” and “class” functions



Read in/Write out

® Multiple ways to read a data file in
> read.table(file="C:\\Class\\data.txt”,header=T)

must use “\\” instead of “\” for path

> scan(file="C:\\Class\\data.txt")

must use “\\” instead of “\" for path
best for vectors or lists (not best for 2D data)

® \Writing data out to a file
> write.table(x.matrix,file="dataFile.txt”,sep="\t")
> write(x.matrix,file="dataFile.txt”,ncolumns=2)



Iteration & If Statements

® Loops are not optimized in R
® They are possible, but not memory favorable

® |oop syntax
e >for(iin 1:6) {} # for loop
°*  >while(i<7){} # while loop

® apply statements
® Inherent looping mechanism
®  Much more memory efficient
® > apply(x.matrix,1,mean)
Will calculate a mean on each row in x.matrix
® > apply(x.matrix,2,mean)
Will calculate a mean on each column in x.matrix

® f statements are fairly well implemented
® if(x[1]>5) {x[1]=6} # simple if command
* ifelse(x[1]>5,x[1]=6,X[1]=9) # combine if and else into one statement




Packages

® Binary files that build library access structure

L Allow specific functions to be accessible

. If you know the package name, you can simply type: install.packages("tree")

“tree” isthe example package in this case

Can install packages from CRAN or
Bioconductor

Ele Edit Misc |packages Windows Help

|+ X

$PEERICE. 1 i pckages Al fsciect
[1,] 0.7621 Instal package(s) from Biocanductor... P =
[2,] 0.35%  Updete packanes from Boconductor acepack
13,1 0.3525778 adapt
[4,] 0.2555474 aded
[5,] 0.467a552 agee
akima
R AiDesign
Error: Object "clear” not found e
AnalyzeFtRI
> loval({a <- CRAN.packages ()
+ install.packages (select. list (al, 1], TRUE |soe le=a)3)
trying URL ‘Rttp://cran.r-project.oro/bin/ |ash x5
Content type “text/plain; charset-iso-6859 |assist
opened URL asypan
downloaded 168 aws
betarzg
hat
> local({a <~ CRAN.packages () b
+ install.packages (select.list(al, 11,, TRUE |pisa le=all)
trying URL 'http://cran.z-project.ors/bin/ |bighy oEg!
Content type ‘text/plain; cherset=is0-8553 |booloan
opened URL boot A
downloaded 168
-1 I3 Cancel -
e — >

7]

Irseal packages) from lcal 2 s _ =gl

Can install packages from local drive
(if saved zip file is on local drive)

Ele Edt Misc | packages Windows telp
[ttt

SPredict T odae packages from CRAN

CRA,

[1.] 0.7621 Install packagets) from Bioconductor
[2,] ©0.354:  Update packages from Bioconductor
[3,] 0.382
[4.] 0.2555474
[s.] 0l4e7asse 2z
C o Look ine | 1 w1081 | O @
Error: Object "clear” not o
> local({a <~ CRAN.packast o
+ install.packages (select "l
trying URL ‘htep://cran.r
Content type 'text/plain: ete
opensd URL lib
downloaded 16%b lbrary
woduies
> local((a <~ CRAN.packast chare

+ install.packages (select
trying URL ‘htep://cran.r
Content type ‘text/plain;
opened URL

downloaded 16Xh

[ Dsiobase_1.4.0.2p
gns_1.0.2.2p
araph_1.2.16.2p

[EDpickgene_0.6.2.2p

N
A

File rame: I - Open |
Files of type Zin fles ("zip) 2 Cancel |,
2




Libraries & Functions

Once package has been installed, library can be accessed

Libraries include many functions
¢ > library(base) # implements base library
¢ Allows access to functions inside the library

Data sets internal to R can also be accessed and utilized
® > data(iris) # allows access to famous iris flower data set
® MORE EXPANATION ON THIS FURTHER IN LECTURE

Functions

® Handled wellin R

® Similar to a subroutine in other languages (packaged operation that is called)
® > gquare <- function(x=numl,y=num?2) {

rl <- x"2
r2 <- yn2
output <- c(r1,r2)
return(output)
}
® > square(x=4,y=2) # call square function

[1]16 4



Packages & Libraries

You can view the complete list of installed packages
> .packages(all = TRUE)

Also view the list of current attached packages
> (.packages())

Can set the path for R to look for the libraries
> libPaths("C:/PROGRA~1/R/RW2000~1/library™)

Remove package from session
> detach(“package:stats”)

View package contents (e.g. functions, author, date,
version, description, etc.)
> library(help=odesolve)



Plotting commands

® There are many optional commands available in R for
plotting data
Only a few of the main commands are necessary

® Scatter plot
> plot(x,y) # x andy must be same length and numeric
Labels
xlab="x vector’# x-axis label
ylab="y vector’'# y-axis label
main=‘Scatter plot’  # title for plot
Points, size, and colors
pch="*# symbol to plot
cex=1.5 # size of symbol
col=‘red’ # color of points



Plotting commands (steps)

® Plotting function can be given in subsequent commands for
modifications to the graph

® Scatter plot options
® Plot without points/lines

type="n’ # no points or lines are not drawn
type='b’ # lines and points drawn together
type="p’ # only points are draw
type=I # only lines are drawn

¢ Points only
points(x,y,col="blue’)

¢ Lines only
lines(x,y,col="yellow’)
lwd(2) # line width
Ity(3) # line pattern



Plot example

> x <- ¢(1,4,5,6,8,9)
>y <- ¢(20,44,66,89,90,101)

> plot(x,y,type="n"',xlab="x vector',ylab="y vector',main='Scatter plot example’)

> points(x,y,col="red',pch="*",cex=3)
> lines(x,y,col="red',lwd=2,lty=2)

Scatter plot example

y vector
B0 an
1

40

X vector



Plotting commands (options)

® Data can be plot using grouping variable commands

library (nlme)

data (PBG)

attach (PBG)

plot (deltaBP dose)

plot (deltaBP dose, col=as.integer (Rabbit))
interaction.plot (dose, Rabbit, deltaBP)

vV V.V V VvV VvV

Rabbit

wANR

dose
100
1
mean of deltaBP

T T T T
0 10 20 30

6.25 125 25 50 100 200

deltaBP dose



Par commands

® Page formatting to add more than 1 plot per page
> par(mfrow=c(2,3)) # 6 total plots (2 rows & 3 columns)

® Page formatting to add margin sizes
> par(oma=c(2,4,2,4)) #order is bottom, left, top, right

® Multiple other page format options
See help section for “par”



Data sets In R

Using packages in Bioconductor, multiple microarray data sets are available
library(Biobase);
library(annotate);
library(golubEsets);
library(multtest);

Golub et al. AML/ALL Affy data set (training set and test set are separate)

data(golubTrain);

data(golubTest)

dat.train <- exprs(golubTrain) (7129 genes x 38 samples)

data(golubTest)

dat.test <- exprs(golubTest) (7129 genes x 34 samples)

clas <- pData(phenoData(golubTrain)) (class labels for training set samples)
or

data(golub)

smallgd<-golub (7129 genes x 38 samples)

classlabel<-golub.cl # class labels for training set samples

Alon et al. colon cancer Affy data set

library(colonCA)

data(colonCA)

dat <- exprs(colonCA) (2000 genes x 62 samples)
classlabel <- colonCA$class # class labels for samples

Some unidentified Affy data set
data(geneData)
dat <- geneData (500 genes x 26 samples)




Getting data sets from CRAN

Bioconductor ( )
Under <Software>
<Experimental Data>
: Spellman et al. yeast cell cycle data - cDNA data
: Golub et al. AML/ALL data - Affymetrix data
: Alon et al. Colon Cancer data — Affymetrix data

2 Welcome to Bioconduct soft Internet Explorer _lojx|

b e 5 B s »] &
etbess [T e fimom bosertor o IR Q-0 . @ @ P % 7
2 T S ne top | o cem maw o gep

Google - [r code isomen = Epsearchwed - | 3 | Bhtesnblocked =il [ | B options & | B R [ code [ isomen

fosoft Internet Explorer BT=TE|

Jiwis ] 2 |

Edt vew

Favorites Tools Help

. r ) iz o 7 >
About Bioconductor Expe|Adtes Elmnimm bt o B 9 -0 ﬂd R;]h L= P v @ & |
Bioconductor ad o op  Refresh Home | Prn  Seach Favortes Medi Hstory
+Main Page Members of the Bioconductor G searchweb + | g3 | Bhteaoblocked 15 uiorl [ | B options & | R [E) code [ isomap
+Whatis packages can cottain other co
Bioconductor? experimental data package shc
+Sereenshots ¢
+Citing List of package contributors
+Bioconductor FAQ Return to package listin
+Developers Package Tifle Bioconductor
+1irre -
o ALL ALL data pacal | *ManPage
+Acknowledgements +What is
Vilare Nt colonCA  expre for Alon| B s Package yeastCC

ecolLeucine Experimental dat| sSercenshots
estrogen  2x2 factorial des:| #Ciing Bioconductor
fibroEset  exprSet for Kare FA

Software
+How To

i

Descripti for Spellman et al. (1998) yeast cel cyele microarray experime

#Release 1.3 Packages +Devel exsion: Sarme fls can b IFthe i i bk
evelopers Version: 0.5 2 ome files can harm your computer. f the file information below

+Developmental aoubBsets - exprets forgobe| Ly P Author: Sandrine Dudoit w2/ lnoks suspicious, or you do nat full st the source, da nat apen o1
Exles Isyefllz Time course ;ia‘t; nouled o Dot save this fie

revious Releases pi Affymetrix' s i i :
+MetaData - o S| #Wbats News Modification Date: Rl pesiae @5 am

yeastCC Speliman et al ( License: Unknown

+Experimental Data Software Filetype:  Windip Fil
+Change Log #How To Win32 package download From: wiw, bioconductor.org

#Release 1.3 Packages  Source package download
#Developmental

Documentation

+Vignettes Packages
#5hort Courses

short Courses #Previous Releases “Would yau like to apen the fils ar save it to your computer?
+Lab Materials =l #MetaData

Data Open | [ Save Cancel More Infa

[V Almays ask before opening this type of fle

#Change Log

Document at ion
#Vigneties

#5hort Courses.

#Lab Materidls =l

@ [ [ [@nen= y



http://www.bioconductor.org/
http://www.bioconductor.org/
http://www.bioconductor.org/
http://www.bioconductor.org/
http://www.bioconductor.org/data/experimental/html/golubEsets.html
http://www.bioconductor.org/data/experimental/html/colonCA.html

Getting data sets from CRAN
(cont.)

Once the zip file has been downloaded to a local directory, go
into R and use package instructions to install zip file from local
directory

Then,

access data from data object as follows:

# load package from local drive

> library(Biobase)

> library(annotate)

> library(colonCA)

> data(colonCA)

> dat <- exprs(colonCA) # expression data

> ann.dat <- colonCA$class # annotations for samples
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References .
® R Primer
<Documentation>
<Manuals>

<An Introduction to R> or
<The R Reference Index>

® |Introductory Statistics with R, Peter Dalgaard


http://www.r-project.org/
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