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R 1alal

ilae 43l o
.MacOS 5 Unix s Windows <3 & Lay ) dadai¥) (e de sile de gana Ao Jany o
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CRAN sl R alaiinly Ja s
(ALeLall R il )l 4%4)

http://www.r-project.org °



dpaylsl aa) 4

PDF. dxpay 40Ul (ugoall (e JS o
P. Kuhnert & B. Venables, An Introduction to R: Software for
Statistical Modeling & Computing
J.H. Maindonald, Using R for Data Analysis and Graphics
B. Muenchen, R for SAS and SPSS Users
W.J. Owen, The R Guide

D. Rossiter, Introduction to the R Project for Statistical Computing
for Use at the ITC

W.N. Venebles & D. M. Smith, An Introduction to R



http://cran.r-project.org/doc/contrib/Kuhnert+Venables-R_Course_Notes.zip
http://cran.r-project.org/doc/contrib/usingR.pdf
http://rforsasandspssusers.googlepages.com/RforSASSPSSusers.pdf
http://cran.r-project.org/doc/contrib/Owen-TheRGuide.pdf
http://cran.r-project.org/doc/contrib/Rossiter-RIntro-ITC.pdf
http://cran.r-project.org/doc/manuals/R-intro.pdf

i i) dagl g

Excellent Tutorials by David Rossitier

Excellent tutorial an nearly every aspect of R MOST of these notes follow this web
page format

Introduction to R by Vincent Zoonekynd
R Cookbook

Data Manipulation Reference

R time series tutorial

R Concepts and Data Types
Interpreting Output From Im()
The R Wiki

An Introduction to R

Import / Export Manual

R Reference Cards



http://www.itc.nl/personal/rossiter/pubs/list.html#pubs_m_R
http://www.statmethods.net/index.html
http://zoonek2.free.fr/UNIX/48_R/all.html
http://www.r-cookbook.com/node/40
http://wiki.r-project.org/rwiki/doku.php?id=guides:overview-data-manip
http://casoilresource.lawr.ucdavis.edu/drupal/node/100
http://www.stat.wisc.edu/~deepayan/SIBS2005/slides/language-overview-4.pdf
http://www.rni.helsinki.fi/~pek/s-tools/lm-more.r
http://wiki.r-project.org/rwiki/doku.php
http://cran.r-project.org/doc/manuals/R-intro.pdf
http://cran.r-project.org/doc/manuals/R-data.html
http://cran.r-project.org/doc/contrib/Short-refcard.pdf

KickStart

Hints on plotting data in R

Regression and ANOVA

Appendices to Fox Book on Regression

JGR a Java-based GUI for R [Mac|Windows | Linux]

A Handbook of Statistical Analyses Using R(Brian S. Everitt and Torsten
Hothorn)



http://cran.r-project.org/doc/contrib/Lemon-kickstart/index.html
http://www.stat.auckland.ac.nz/~paul/RGraphics/rgraphics.html
http://www.stat.lsa.umich.edu/~faraway/book/
http://cran.r-project.org/doc/contrib/Fox-Companion/
http://stats.math.uni-augsburg.de/JGR/
http://cran.r-project.org/src/contrib/Descriptions/HSAUR.html
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> q()
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i dualdl) ¥R dauda

€ Downloads - RStudio - *
Q- O o - |_|_ A Go to fileffunction |_ * Addins - %! Downloads =
Console  Terminal Background Jobs = Environment  History Connections Tutorial - ]
(R R4.2.2 - C/Users/Admin/Downloads/ s B B import + | @ 144 MiB - ;_"‘ List = | 0 =

R~ 1 Global Environment =
R version 4.2.2 (2022-10-31 ucrt) -- "Innocent and Trusting"”
Copyright (C) 2022 The R Foundation for Statistical Computing
Platform: x86_64-wb4-mingw32/x64 (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.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and Files Plots Packages Help Viewer Presentation — [
'citation()" on how to cite R or R packages in publications. 3 Export -

Type 'demo()' for some demos, "help()' for on-line help, or
‘help.start()"' for an HTML browser interface to help.
Type 'g(0’ to quit R.

[Workspace loaded from C:/Users/Admin/Downloads/.RData]

-



9 Downloads - RStudic

— - - | - - . - - -
Lt

Session  Build
[+ I

(=7

el

m
T
s

Go to fileffunction

0 2

@7 Untitled?

- & d
1

Q /-

Source on Save

1:1 (Top Level) =

Console  Terminal Background Jobs

(R R4.2.2 . C/Users/Admin/Downloads/

R is a collaborative project with many contributors.

__:_; [ ..C;-

e Tools Help
oo~ Addins -
ey [ Envircnment History Connections Tutorial
® ERun | °® * Source ~| = = = —#* |mport Dataset ~ O 153 MiB ~ II
R~ "l Global Environment =
Environment is emr
Files Plots Packages Help Viewer Presentation

-2 Export =

R Script 3

=

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

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

Type 'q()’ to quit R.

[Workspace loaded from C:/Users/Admin/Downloads/.RData]

=
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> # An example
> X <- ¢(1:5)
>X
#[1] 1 2345
>y <-4

>/ <- X +y

>/

#[1] 56789

Jlia

# x is called an object (A\s

#vyis an object
# Zis an object
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rm(x, y). ®
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SAaLal) 5 )

getwd() # print the current working directory () aladll aul  jela,

Is() # list the objects in the current workspace (& Wl clawl (a ja
S Jasll Jse

setwd(mydirectory) # change to mydirectory Al Jaall alaa s
setwd("c:/docs/mydir")



Adall c) JLAY i g (2 o #

#view and set options for the session
help(options) # learn about available options
options() # view current option settings
options(digits=3) # number of digits to print on output
# work with your previous commands
history() # display last 25 commands

history(max.show=15) # display last 15 commands
history(max.show=|nf) # display all previous commands



R (2 3aslisall

SiSay ¢ zealipll yal gl 4 ga A Jald zrade Baclise aldai 2 gy (R i 3 yaay @
b Laa gl alasiil

help.start () # 4elal) sac Losall Cilalas

Help(mean) # <Y & 4alall sac Lol cilaylas

‘mean H#oe ol i

apropos (“mean") # 4wl Ao (g giad Al Cailla gl xaen 3y
example(mean) # ! Jss e (ajemean
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Objects in R (s <<ty

my_obj <- 48

my_obj

#Hi [1] 48

my_object2 <- “R is coo

I”

# Character type object

_zgsu\ Rh&;dﬁs@;qyjm gg;:dSRg_aﬂ : tass\ )2 u‘uui Mg oY) e
;uj.ul\ A.A)L:: d)s by RStudio uﬁ S M\AJ\ Jaadl dali uﬁ a_a\_u\Sl\ cm;
oY) s lall 6 3all 8 Environment Al



RStudio s Cra¥) s slad) g Sl

Environment 4l o

Environment History Connections Build Git - ]
2 7 Import Dataset - i List =
) Global Environment =

Values
my_obj 48

sase G iy e all i 8 "l Dl o JiwY gl e 13 e
¢ (A8 4] - ab)) &l @lld b Ly LS KadlaRStudio <l (e jmuad ¢ "ASuil)"
MJ &Jw\"mc(uﬂﬁ\ Y. @Lﬁﬁoh\j )d#\

Environment History Connections Build Git = [
T = #* Import Dataset - ¥ Grid ~ -
), Global Environment =

Name Type Length  Size 4 Value

my_ok] numeric 1 56 B 48
my_obj2 character} 1 128 B "R is cool”



Error Messages in R

char_obj <- "hello*
char _obj2 <- "world!®
char_obj3 <- char_obj + char_obj2

Error 1N char_obj+char_obj2:non-numeric argument to binary operator

e 058 e Lle 4y Unina 1 el ol ppdaill 5 sUad¥) e Jalaill (55 38 ¢ 350 J5Y R alad 8 fasi Lexie
&A&AsZsﬁadbﬁﬂgACHLQUusd};ch}hA\Oﬁqiyhgﬂﬁﬁ\éjbcngJLﬁ,L@%é%ngd\
:0e Google 8 sl s ¢ o2lel Unall 4uilly Google (o Uaall Al
non-numeric argument to binary operator +r
i
Common r error messages



Error Messages in R

(o2 550 oY R aladin) eay vie daild s AT Uak Allu ) cllia o
olial 2SIl e 35085 3l « JUS object 'XXX' not found .3sase e "XXX" cASD):
* my_obj<-48
* my_obj4 <- my_obj + no_obj
* Error: object 'no_obj' not found
1as Ao AT Ay Y (s no_obj (SN (aaa) (i o LY Uad Allu gla LR ask
CASY o) ¢ wd <Environment "Au" andy Gl 13) 43 oA JA)S\ Y uﬁ A< Ga
o 5L % ol my_obj4
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Using functions in R & (J)sall) il sl o L)

G all (o Allis Jay ) 225 (4 5 () A s (A Lgale s ) (1501 Aaida )
Vector 4aiall et ULy dahy 8 ey 335

my vec <- c(2, 3, 1,6, 4, 3, 3, 7)
my_vec
##1[1] 2,3,1,6,4,3,3,7

A 138 2 3aie e Luily Gl g Al Cailds o aladiial WiSay dlgadie WLasT o axa oY) o
length() « () sd «var () ¢« mean() ;Y12 aladialy W aldll 4aidl



Using functions in R 2 (J)sall) @il 6l o Las)

mean(my_wvec) # returns the mean of my vec

## [1] 3.625

var{my vec) # returns the variance of my vec

## [1] 3.982143

sd{my_vec) # returns the standard deviagtion of my vec
## [1] 1.9955321

length(my vec) # returns the number of elements in my vec

## [1] 8



mean (my_vec) # returns the mean of my_vec
## [1] 3.625
var(my_vec) # returns the variance of my_vec

## [1] 3.982143

. |
o
=
m
=~

sd{my_vec) # returns the standard deviatior
## [1] 1.995531

length(my vec) # returns the number of elements in my vec

## [1] 8
) Al Aall o a8 LiSasd ¢ Ulidas 8 8aY sl 028 (e sl aladinl Ga i 13 o
Al s
vec _mean <- mean{my vec) # returns the mean of my vec
vec_msean

## [1] 3.625



Other Useful Functions Al sada J) g4

my seq <- 1:18 # create regular sequence
my seq

## [1] 1 2 2 4 5 6 7 & 89 18

my seq2 <- seq(from = 1, to = 5, by = 8.5)
my seqs

## (1] 1.8 1.5 2.8 2.5 3.0 3.5 4.8 4.5 5.8



my seq3 <- rep(2, times = 18) # repeats 2, 18 times
my seq3
#HO[f1] 2222222222

my seqd <- rep( "abc”, times = 3) # repeats ‘abc’ 3 times

my segd

## [1] "abc™ "abc” "abc”

my seq5 <- rep(l:5, times = 3) # repeats the series 1 to

# L5, 3 times

my seqs5

#% [1] 12 3451234512345

my seq7 <- rep(c(3, 1, 18, 7), each = 3) # repeats each
# element of the

# series 3 times

my_seq’/
# 1] 3 3 3 1 1 118 18 18 7 7 7



Working with vectors <lgaiall g Jaall

 Extracting elements  _aliall z) A%l

anly & gae gsqp4)~)£ﬂ_5\a4=l5 (4*{)yﬂ\euiaLgaJ«;sjqpuJDi:{):Auﬁf'
[ € 08 23 ¢ 43 (0 (ualin]
(u‘m«:\)&u\uﬁu.c).\@ﬂ\w\ﬁ\weﬁu\sau\.d\w#\dw
o) Y1 Jals Leal Adu) b e 5 g3 seaiell sy Gag el Gul BY) (e A sana
sihie JUEA) Aail ol position Gua e (uoedll 138 & 5 o Sy day sl
2 5all 3 HLEY) alasinly ) Ayl (1
my_vec # remind ourselves what my_vec Looks Like
## [1] 23164337
my vec[3] # extract the 3rd value

## [1] 1



Silgaiall aa JaadiWorking with vectors

my_vec
##[1] 23 16 4 3 337
my_vec|[c(1,5)]

##[1] 2 4

my_vec[3:5]

##[1] 1 6 4



Logical Index (sthiall ydig sl alasiuly 71 yaduY) (¢
my wvec[my vec > 4]
## [1] 6 7

my wvec > 4
## [1] FALSE FALSE FALSE TRUE FALSE FALSE FALSE TRUE

my wvec[my vec <= 4] # values less than or equal to 4

## [1] 2314 3 3

my wvec[my vec == 4] # values equal to 4
## [1] 4
my vec[my vec != 4] # values not equal to 4

## [1] 2316 337



Using: & (and), | (Or) logical operators

val2e <- my _vec[my wvec < 6 & my vec > 2]

val2b

## [1] 34 3 3

vale3d <- my vec[my vec > 6 | my vec < 3]
vale3l
## [1] 21 7



Replacing elements 4aiall Jaly jpalie Jladiu)
my vec[4] <- 588
my wvec

## (1] 2 3 1 588 4 3 E F)

# replace the 6th and 7th element with 1686

my vec[c(6, 7)] <- 1@@

my wvec

## [1] 2 3 1568 4 1@ 108 7

# replace element that are less than or equal to 4 with 1888
my vec[my wvec <= 4] <- 1686

my wvec

#%# [1] 1800 1988 1606 588 198 180 188 !



Ordering elements  4adall Jala jalial) cusi 13

vec sort <- sort{my vec)
vec sort

## (1] /188 1p& 588 1868 18pg 168 1808

vec_sort? <- sort(my vec, decreasing = TRUE)
vec_sort2

#% [1] 1600 1088 19066 1660 508 100 160 7



aﬂlhﬁj JqﬁcgﬁodiavaYWAA@AMLijiaxmc<§yu;Jm\A;t9 .Lﬁ(J\LP;<53
[] & <in ) Gisorder () Alall aladinl caag ¢ Al ALall AT 4sie

height <- c(18@, 155, 168, 167, 181)

height
#& 1] 189 155 168 167 181

p.names «<- cf"Joanna”, "Charlotte™, "Helen”™, “"Karen™, "aAmy™)

p-names

#& 1] "Joanna™ “Charlotte”™ "Helen™ "Karen"” Amy

height ord <- order(height)
height ord

## [1] 2 2 4 1 &5

names ord <- p.names[height ord]

names_ord

## [1] "Charlotte” "Helen” "Karen"” "Joanna” “Amy ™



Scatter Plot _Liii| 4a gl

e Lets create two small vectors with data and make a scatterplot.
e aladia piiai g QUL (e (aeate LG A81 o
22 <- ¢(1,2,3,4,5,6)
23 <- ¢(6,8,3,5,7,1)
plot(z2,z3)
title("My first scatterplot”)

My first scatterplot




a8 gliaall

e, m‘ w
> m <- matrix(c(1,2,4,1), ncol=2) # 42s8aa sli)

>m

> [,1] [,2]

[1,]14

[2’] 2 1 OIS IS 3

> det(m) 48 siinall 3280 H

## [1] -19



2.4.4 \ectorization 4w sill
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* https://intro2r.com/objects-in-r.html#naming-objects
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