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What is R?

R Programming Language * Statistics package (a GNU project based on the S
language)

— Statistical environment

& # — Graphics package

C.F. Jeff Lin, MD. PhD. P .
—Programming language
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What is R? What is R Not?
* Riis object oriented * astatistics software package
* Includes many statistical tools * menu-driven
* Can be used to share/reproduce analyses e quick to learn
* Many new packages being created - can be * aprogram with a complex graphical interface

downloaded and installed easily
* Largely text-based interface
— Note 1: > is the prompt
— Note 2: R is case sensitive!!
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Why R? Why R?
* R was written by scientists to be used by * Great help and documentation.
scientists.

* online mail support.

* Ris a great language. * A great community — friendly and helpful
* Runs on Windows, Mac, Unix, Linux, ... people...

* Easy to install. * Easy to call Fortran, C, Java, ... libraries

* Ris free. * Everyone else is and will be using R

* Hundreds(!) of packages available. (-Yes, I'm willing to bet!)

* Papers are often published with a R package.
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S Programming Language

The S programming language was developed
at AT&T Bell Labs, for internal use by a group
of statisticians who wanted an interactive,
graphics environment that encouraged
development of new statististical techniques.

Jeff Lin MD. PhD,
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S Programming Language

As the program spread through universities,
many people appreciated the same qualities as
the AT&T researchers, and the language
became quite popular among academic
statisticians.

Jeff Lin, MD. PhD,
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Strengths and Weaknesses of R

Strengths

Highly extensible and flexible
Implementation of modern statistical methods
Strong user community

Moderately flexible graphics with intelligent
defaults

Jeff Lin, MD, PhD,
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Strengths and Weaknesses of R

Weaknesses

Slow or impossible with large data sets
Non-standard programming paradigms
Runs on limited platforms

S-Plus performs poorly in case of using
extensive loop

Jeff Lin, MD, PhD,
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Let’s look at R

Jeff Lin, MD, PhD,
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Installing R

WWW.r-project.org/
download from CRAN
select a download site

download the base package at a minimum
download contributed packages as needed

Jeff Lin, MD. PhD,
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About R
Whatis R?

Contributors
Screenshots

Download

CRAN

Foundation
Mailing Lists
Bug Tracking
Developer Page
Search

Documentation
Manuals

FAQs

Contributed
Newsletter
Help Pages
Publications

Related
Projects

Rincondnrtnr

The R Project for Statistical Computing ]

Important News:
The R Development Core Team would like to formally announce the creation of the
R Foundation for Statistical Computing
There are many reasons for this decision on our part, largely it is based on the belief that R has become 2 mature and valuable

ool and we would like to ensure its confimsed the Fhunre software for statistical
and computational research.

The R Foundation is a not for profit foundation whose general goals are to provide support for the R project and other
finnovations in statistical computing. The R Foundation will provide a reference point for individuals, instttutions or commercial
enterprises that want to support or interact with the R development community.

"We would like to solicit memberships from interested parties (individual and instiational) n the R Foundation. Details regarding
fees and membership categories can be obtained from the web site and email enqpiies can be sent to R-foundation @R
lproject org

\Among the goals of the Foundation are the support of continued development of R, the exploration of new methodology,
teaching and training of statistical computing and the organization of meetings and conferences with a statistical compufing
orientafion. We hope to atiract suffcient finding to make these goals realities.

For the R Development Core Team:

Robert Gentlernan & Ross Thaka
Presidents, R Foundation

Friedrich Leisch
Secretary General, R Foundation e
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Khiodes URVersity
i ffcran chr-project.org ETH Zurich
Tnited Kingdom
hitpfcran ke r-project org
United States of America

University of Bristol

=] Ps

a0 4 httplcran us r-project.org University of Wisconsin, Madison, WI
Whatis R? hitp:fcran stat ucla ed/ University of California, Los Angeles, CA
Contributors hitpfras bioconduetor.org/ CRAN/ Dana Farber Cancer Instiute, Boston, MA.
Screenshots bitpi/fcran get-software. com Get-Software.com, Augusta, ME
What's new? s biblio org/publangages R/CRAN/  Uriversity of North Carolina, Chapel Hill, NC
Download hitp: b stat cmy eduR/CRAN/ Statlb, Camegie Mellon Uriversiy, Pittsburgh,
CRAN httpferan mirrors pair com/ Pair Networks, Pitsburgh, PA
Y http fsrarse binarycode.orgferan BinaryCode.org, Austin, TX
e hitp:fmirrors theonlinerecordstore.com/CRAN/  The Online Record Store, Hous
Maiing Lists
Bug Tracking Frrors around the world provide a complete
Developer Page CRAN mirror. Please 4 to the lst of mirrors.
Search
‘The CRAN master site at TU Wien, Austria, can be found at the URLs
Documentation http:/fcran r-project org
Menuals fferan r-proiect orgfpub/R/
g‘:ﬂ;b - ryne: cran.r-project. org: CRAN
Newsletter =1
Help Pages To “submit” to CRAN, simply vpload to fipf/cran r-project and send email to cran -
Dublications the copyright ituation (GPL, .) in your submission.
Related
Projects Last modified: July 4, 2003 by Friedrich Leisch

Rineanductor
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CRAN
Mirrors
What's new?
Search

About R
R Homepage

Software

R Sources

R Binaries
Package Sources
Other

Documentation
Manual

= ¢
The Comprehensive R Archive Network
Frequently used pages

Precompiled Binary Distributions

Base system and contributed packages. Windows and Mac users most licely want these versions of
R

Windows (95 and later)
Source Code for all Platforms
Windows and Mac vsers most liely want the precompiled binaries lited in the upper bo, not the

source code. The sources have to be compiled before you can use them. If you do not know what this
imeans, you probably do not want to do !

FAOs « Source code of the latest release (2003-06-16): R-1.7.1.tgz (read what's new in the latest

Contributed version).

Newsletter | « Source code of contributed packages

— « Current patch set (daily snapshot): R-release diff gz,

Related

Projects

Bioconductor what are R and CRAN?

Omega

2Raphical models N .

BGULs _| Ris GNUS, a freely available language and environment for statistical computing and graphics which provides a wide variety of
e statistical and graphical techniques: lnear and nonlinear modelling, statistical tests, time series analysis, classification, clustering, etc. ]

Done [ [ [ wntemet
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R for windows

This directory contains binaries for a base distribution and packages to run on Windows (NT, 95 and later) on Intel and clones
(but not NT on Alpha and other platforms).

1>

ote: CRAN does not have Windows systems and cannot check these binaries for viruses. Use the normal precautions with

CRAN
e downloaded executables.
3
What's new? Subdiectories
Search
About R base inaries for base distibution (managed by Duncan Murdock)
R Homepage contrib inaries of contributed packages (managed by Uwe Ligges)
N 5 Unsupported o obsolete packages
R Sources
R Binaries Please send contributions to Duncan Murdoch or Uwe Ligges, not to CRAN.
Package S
o You may also want to read the R FAQ and R for Windows FAQ.

}D;C”'“e"““ on Last modified: Tune 3, 2003, by Friedrich Leisch
el

FAQs
Contributed
Newsletter

Related
Projects
Bioconductor
Ormega
gRaphical models
R GUIs

[Microsoft PowerPoin - [5... |
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Lo N 5098 v |

Installing R on Windows
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1 Getting Started
i s o . « Starting R
* Getting help
e a0 e . >help () # provides help on how to use ‘help’
-1
> help (topic) # provides help on a specific topic
> help.start () # brings you to a web interface to the
# R documentation
1.7.0 - A Language and Environmer ;[:
o] Rour_[R Console] [one (NEBOBEB 1100em | | 2005/10/14 Jeff Lin, MD, PhD. 20

Starting and Quitting R

R : Copyright 2003, The R Development Core Team
version 1.7.1 (2003-06-16)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type “Ticense()' or “licence()' for distribution details.

R is a collaborative project with many contributors.
Type “contributors()' for more information.

Type “demo()' for some demos, ~help()' for on-line help, or
“help.start()' for a HTML browser interface to help.
Type ~g()' to quit R.

> 14243
[1] 6
>q0

save workspace image? [y/n/c]: n

2005/10/14 Jeff Lin MD. _PhD.

Change Working Directory

# Create a folder in C:\temp\Rdata first
setwd("C://temp//Rdata")

#Create a folder in C:\temp\Rdata\Biost first
setwd("C://temp//Rdata//Biost")

#Create a folder in C:\temp\Rdata\Reg first
setwd("C://temp//Rdata//Reg")

| 2005/10/14 Joff Lin, MD. PhD, 22

Help

help () is an R function
help.start( )

R functions take arguments (pieces of

separated by commas) and can perform a range
of tasks. In the case of the ‘help’ function the
task is to display information from the R
documentation files.

2005/10/14 Joff Lin MD. _PhD.

m(base) Fitting Linear Models
. . R . Family. Im(base) Accessing Linear Model Fits
information that you put into the function > helpCim)_| ﬁ%‘?“’ Fittr Raceion fo crer s
. . ni e, Fitting Log-Linear Models
which go in between brackets and are > 7n rEICE Tachue)  FrSGIek metod o Linear el s
:;ég]!(bo“) cross-validation for Generalized Linear

Getting Help

> s [8) opragan Fes i ¥] B 60

> help.search(*Tinear model”)
Help files with alias or title matching 'Tinear model’ using fuzzy

* Browse the help s

> help.start() anova. glm(base) Analysis of Deviance for Generalized Linear
Model Fits

anova. Tm(base) ANOVA for Linear Mode] Fits
glm(base) Fitting Generalized Linear Models
Family.gIm(base) Accessing Generalized Linear Model Fits

. Getting help on a sp ?umma.ry.ﬂm(base) summarizing Generalized Linear Model Fits

glim.diag.plots(boot)

Diagnostics plots for generalized Tinear

+ Searching for help

] arguments

|> help.search(“1inear model1”) I

'EAQ for Windows port

€ ) My Computer

| 2005/10/14 Joff Lin, MD, PhD, 24
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Running Help Examples

i > help(Im)
u > exanple(In)
Im> ctl <- c(4.17, 5.58, 5.18, 6.11, 4.5, 4.61, 5.17,
Ous- o B | a5, 5.3, 5
e trt< c(l.si. 4.17, 4.41, 3.50, 5.87, 3.83, 6.03,
Goge-[ome al6g

Sorarerses mr:::t:ﬂé;.“ 20 el - e, "7 [ —

rt)
anovaCin.nd <- in(weight ~ group))

40 analysts of variance Table ) ResdualsvsFited Nomal Q.Qpit
Response: weight : 2 =)
F valus Pr;>R) o “l 3 &

« group 1 l) 5“2 ﬂ EIIZ 1.4191 0.249
Residuats 18 8.7203 0.4850 5
In> sumnary(18.090 <- Tn(weight ~ group - 1)) 227, o

cll:
InCfornuTa = wetght — group - 1)

Estingte Std. Error t value Pr(>It])
groupct]  5.0320 0.2202  22.85 9.55e-15 **+
groupTrt  4.6610 0.2202  21.16 3.62e-14 ***

SAgnif. codesi 0 “eew' 0.001 "' 0.01 7 0.05 "

Scale Location it

nesidus] standard error: 0.6964 on 18 degrees of fres
tipla R-squared: 0.9818,  Adjusted R-sq H
Featieres 485 1 on 2 and 18 or, pvalue < 3.2e-18|1

| 1% swwnaryCresiacin.ng) - residcin.o00)) G a4 s
Win. lstou.  Medfan Wean  3rd qu.|

Fited ens

ax,
-6.661a-16 -6.2450-17 2.776a-17 1.544e-17 1.
3.331e-16

In> opar <- par(nfrow - c(2, 2), oma = c(0, 0, 1.1, 0))

R References

E Console

FAQ on R
FaQ on R for windows

&n Introduction to R
R Reference Manual
R Data Import/Export
R Language Manual
Writing R Extensions

R functions (ext)...
Html help
Search help...

Apropas. .,

About
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Online Helps r-help Mailing List
— RFAQ * Ask questions on the r-help mailing list.
— Malhng Lists (listserv)  Sign up on htip://www.r-project.org/
* Online r—help * Things to think of before sending a S e
question:
— Make sure you read the help/docs fi s
— Try to add a code example what you, =
are trying to do. "
— Tell what version of R you are using|~
2005/10/14 Joff Lin, MD. PhD, 27 2005/10/14 Joff Lin MD. PhD. s
Office Documents Contributed Online Documents
. “ . Documents with greater than 100 pages:

From R website under “Documentation - “Using R for Data Analysis and Graphics -
“Manual” is the listing of official R Introduction, Examples and Commentary” by
documentation John Maindonald.

) *  “Simple R” by John Verzani.
* An Introduction to R *  “Practical Regression and Anova using R” by
R Language Definition ;I‘uhan Faraway. . .
. . . An Introduction to S and the Hmisc and Design
* Writing R Extensions Libraries” by Carlos Alzola and Frank E. Harrell.
. +  “Statistical Computing and Graphics Course
R Data Import/Export Notes” by Frank E. Harrell.
* R Installation and Administration
* The R Reference Index
29

2005/10/14 Joff Lin MD. _PhD.
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Contributed Online Documents

Documents with less than 100 pages:

*  “Rfor Beginners” by Emmanuel Paradis.

*  “Notes on the use of R for psychology experiments and
questionnaires” by Jonathan Baron and Yuelin Li.

. “R for Windows Users (version 2.0)” by Ko-Kang Wang.

*  “Building Microsoft Windows Versions of R and R
packages under Intel Linux” by Jun Yan and A. J. Rossini.

*  “A Guide for the Unwilling S User” by Patrick Burns.

*  “The R language — a short companion” by Marc
Vandemeulebroecke.

»  “Fitting Distributions with R” by Vito Ricci.

*  “Econometrics in R” by Grant Farnsworth.

*  “The Friendly Beginners' R Course” by Topy Marthews.

Contributed Online Documents

Short Documents and Reference Cards:
*  “Rreference card” by Jonathan Baron.

*  “Rand Octave” by Robin Hankin, a reference sheet
translating between the most common Octave (or
Matlab) and R commands.

*  “Time series reference card” by Vito Ricci.
*  “Rreference card” by Tom Short.

2005/10/14 Jeff Lin MD. PhD, 3 [ 2005/10/14 Jeff Lin, MD. PhD, 32
Reference Books
*  John M. Chambers. Programming with Data. Springer, New
York, 1998. ISBN 0-387-98503-4.
»  Peter Dalgaard. Introductory Statistics with R. Springer, 2002.
ISBN 0-387-95475-9.
*  John Maindonald and John Braun. Data Analysis and Graphics
Using R. Cambridge University Press, Cambridge, 2003. ISBN R Showcases
0-521-81336-0.
*  John Verzani. Using R for Introductory Statistics. Chapman &
Hall/CRC, Boca Raton, FL, 2005. ISBN 1-584-88450-9.
*  Michael J. Crawley. Statistics: An Introduction using R. Wiley,
2005. ISBN 0-470-02297-3.
Venables & Ripley (2004) Modern Applied Statistics with S.
New York: Springer-Verlag.
e Chambers (1998). Programming With Data: A guide to the S
language. New York: Springer-Verlag.
2005/10/14 Jeff Lin, MD, PhD, 33 | 2005/10/14 Jeff Lin, MD, PhD, 34

R as calculator

R will evaluate basic calculations which you type into the
console (input window)

[Reca
> 10420

[1] 30

> 10%20

[1] 200

> 30/13

[1] 2.307692

> 30/(13+10)

[1] 1.304348

2005/10/14
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R is a Graphing Device

> ¥ <— rhnormil0O00, O, 1)

> plot(densicyix))

= hist (x) = I
I~ RGui - [R Graphics: Device 2 /ACTIVE)]
IR Fie Hsory Resze Windows BEEIE]S IR Fie History Resize tWindons BEE
Histogram of X density(x = x)
o
g ¢ 1
£ g o
z 5 =
g o [a] | ;
) y
=T
- r T T T T T 1 = T T T T
32 4 0 1 2 3 4 2 0 2 4
% N=1000 Bandwidth = 0.2309

| 2005/10/14 Joff Lin, MD, PhD, 36
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R is a Statistics Package

>
> nyse <- c(18.6, 32,42. -4.17, 21.4, 22.41, 6.51, 32.27, 18.17, 5.47, 16.23, 31.81,
+ -3.91, 30.48, 7.55, 10.48, 1.06, 37.26, 22.45, 33.84, 28.36)

> year <- 1979:1338

> time = year - 1978

> slr <- lm(nyse ~ time)

P swmiary (sl

Call:
lm{formula = nyse ~ time)

Residuals:
Hin 10 Median 3q Max
-24.2763 -10.3481 0.8004 10.8233 17.3858

Cosfficients:
Estimate $td. Error t value Pri>|tl}

(Intercept) 21.54758 £.00903  3.586 0.00211 *%

time -0.0984%¢  0.50165 -0.196 0.54663

Signif. codes: 0 “F¥% 0,001 “¥% 0.01 "% 0.05 .0 0.1 0 1

Residual standard error: 12.94 on 18 degrees of Tfreedom

IR RConsole [E[(=1ES)

>
>
>
>
>
>
>
>

>
E
>

+

o
e

R is a Simulator

# rolls[1, ] first n tosses of two die

# rolls[2, ] second n tosses of two die

n <- 000

rolls <- matrix(ceiling(6*runif(2*n)), 2, n)

# or rolls «<— matrix(sample(l:6, 2%n, replace=Ti, 2, n)

tosses <- apply(rolls, Z, sum)

# freguency of observed outcomes

o <- table(tosses) 7/ n

e <- expected frequency of outcomes

EXor: Syntax error

e <- gfil:6, 5:1) / 38

tiroundichind(o, =}, 4)

: 2 3 4 5 6 7 ] 3 10 11 1z
0.0215 0.0625 0.0780 0.1025 0.1340 0.1650 0.1470 0.1130 0.0830 0.0620 0.0315
0.0278 0.0556 0.0833 0.1111 0.1369 0.1667 0.1389 0.1111 0.0833 0.0556 0.0278

2005/10/14 Joff Lin MD. _PhD.

1200

Iuisiple A-Squareds 0.021I5, | Mjusned Fomiared: —0.0563 > 1
-1
2005/167T a1 rtris ¢ o 11 o7 37 [ 2005/10/14 Jeff Lin, MD. PhD. 38
R is a Programming Language
» hist.w.normal <-
+ function(x, xlab = deparse(substitute(x)],
+(
P sl BRSO 60E R as Objective-Oriented Language
+ m = meanix)
+ = = =d(x)
+ vlim = range (0, hidensity, dnorm({0, =sd=s)])
+ histix, fregq=F, vliw=vlim, =lab=xlab, ...)
+ curve (dnormix, m, =), add=T)
+ 1
=
» hist.w.normal (Enormi2000)
+ 2
B | 3
morm{2000)
2005/10/14 Jeff Lin MD. _PhD. 1 2005/10/14 Jeff Lin MD._PhD. 40
R Basics Objects
. L]
* objects names
. . . 1 . 1
«  naming convention types of objects'. vector, factor, array, matrix,
. data.frame, ts, list
* assignment .
. e attributes
» functions ) )
— mode: numeric, character, complex, logical
* workspace ) ]
) — length: number of elements in object
* history )
e creation
— assign a value
— create a blank object
41 42

10/14 Jeft Lin MD._PhD.
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Naming Convention

* must start with a letter (A-Z or a-z)

e case-sensitive
- mydata different from MyData

* do not use use underscore “

2005/10/14 Jeff Lin MD._PhD.

* can contain letters, digits (0-9), and/or periods

43

Caution

e Do not use the underscore " ” for names.

e R is case sensitive.

A\ ”

e Try not to use the "=" as it might be confusing
and cause problem.

e Remember that if you use “return” command
anywhere in your program then it will stop
executing at there.

[ 2005/10/14 Jeff Lin, MD. PhD. 44

Assignment

* Simple operations

* Add: 10+20

*  Multiply: 10 * 20

* Divide: 10/20

* Raise to a power: 10 ** 20
*  Modulo: 10%%20

* Integer division: 10%/%4

2005/10/14 Jeff Lin MD. _PhD.

45

R: Logical and Relational Operators

¢ == Equal to

o I= Not equal to

¢ < Less than

. > Greater than

¢ <= Less than or equal to

o >= Greater than or equal to
e is.na(x) Missing?
. & Logical AND
N Logical OR
o ! Logical NOT
| 2005/10/14 Joff Lin, MD. PhD, 46

Variables and Assignment

> a <- 49
> sqrt(a)
[11 7

numeric

> b <- "The dog ate my homework"
> sub("dog","cat",b)

> c <- (1+41==3)

character
[1] "The cat ate my homework" string

>c logical
[1] FALSE
> as.character (b)
[1] "FALSE"
2005/10/14 Jeff Lin, MD, PhD, 47

Basic (Atomic) Data Types

* Logical *  Character
>x<-T,y<-F >a<-"1";b<-1
> Xy >3 b
[1] TRUE (111"
[1] FALSE (111

> g <- "character"

¢ Numerical -
>b<-"a"jc<-a

>a<-5;b<-sqrt(2) >ab:c
>a;b [1] "character"
[1] 5 [1] "a"
[1]1.414214 [1] "character"

| 2005/10/14 Joff Lin, MD, PhD, 48
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NA, NaN, and Null

* NA or “Not Available”

— Applies to many modes — character, numeric,
etc.

e NaN or “Not a Number”

— Applies only to numeric modes
+ NULL
— Lists with zero length

2005/10/14 Jeff Lin MD. PhD, 49

Missing Values

* Ris designed to handle statistical data and
therefore predestined to deal with missing
values

*  Numbers that are “not available”
>x <-¢(1, 2, 3, NA)
>x+3
[114 5 6 NA

*  “Not a number”
> log(c(0, 1, 2))

[11  -Inf 0.0000000 0.6931472
> 0/0
[1] NaN

| 2005/10/14 Jeff Lin, MD. PhD,
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R: MissingValues

*  Variables of each data type can also take the value
NA (for Not Available)

- NA is not the same as 0
- NA is not the same as " " (blank, or empty string)
- NA is not the same as FALSE

*  Any computations involving NA may or may not

Getting Stuck at “+” Prompt

w,” >Sqrt(
e Ifthe "+" prompt

continues after hitting
return, then enter
many “)” to get the

+
a)))

Error in parse(text = txt): Syntax error:
No opening parenthesis, before

produce NA as a result: “>" prompt ")" at this point:

> 1+NA e Then start your sqr(

[1] NA expression again )

> max(c(NA, 4, 7)) Dumped

[1] NA

> sqrt(100)
> max(c(NA, 4, 7), na.rm=T)
[11 7
2005/10/14 Jeff Lin, MD, PhD, 51 | 2005/10/14 Joff Lin, MD. PhD, 52
A First Example R is multiplying elementwise!
Vectors: Matrices (default is to fill column by column): Matrices:
- > X < matrix(l:9, ncol=3, Why? Because it turns

> x <- ¢(6,5,4,3,2,1) > x <- matrix(1:18, nrow=3) y;ow_TRUE) out that it is more
> X
1654321 [, [,2] [,3] [,4] [,5] [,6] ny b4 bE L common than vector
> sum(x) [1,] 1 4 7 10 13 16 2,1 4 5 6 d tri
[11 21 2,1 2 5 8§ 11 14 17 37 7 8 9 and matrix
> x[c(1,3,5)] 3,7 3 6 9 12 15 18 > I <- diag(l, nrow=3) multiplications.
[1] 6 4 2 > x[,3] >1
> X <= 6:1 [11789 L P9 LA
> X > x[-1,4:6] Ez’% ° 1 0
11654321 [,11 [,21 [,3] B3 0o 0 1
> x[1:3] [1,] 11 14 17 ST x
[1]1 6 5 4 [2,] 12 15 18 [,1] [,2] [,3]
> x[1:3]+x[6:4] > str(x) [1,] 1 0 0
11777 int [1:3, 1:6]1 1234567 8 9 10 [23 o 5 0
>y <- c(0,10) ESi]%* ] ] 9
> X+Y

[1] 615 413 211

2005/10/14 Jeff Lin, MD, PhD, 53

% X
[,1] [,2] [,3]
1 2 3

[1,]
[2,] 4 5 6
377 7 13 9
| 2005/10/14 Joff Lin, MD, PhD, 54
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R is looping over missed values
- really useful indeed!

Vectors:

Matrices:

>x <-7:1

> x
[117654321

>y <- 1:3

>y

[11123

> X +y

[1] 8885552

R will expand the
shortest vector before
adding!

# Zero out every
2nd:

> x <= 3:8
>y <= c(1,0)
>x *y

> X <- matrix(1:16, nrow=3
warning message:

)

Replacement length not a multiple of
the elements to replace in matrix(C...)

> X

1,1
[2,] 2 5 8 11
[3,1 3 6 9 12
>y <- c(-1,1)

14
15

[,1] [,2] [,3] [,4] [,3] [,6]
1 4 7 10 13 16

1
2

# Mmultiply (“moving down the columns™)

> x ¥

[,11 [,2] [,3]1 [,4] [
-1 4 -7 10

[2,] 2 -5 8 -1

[3,1 -3 6 -9 12

51 [

-13
14
-15

6]
16
-1

2

[11=3=0~5~0~7"0

>y <= sin(x)

> plot(x,y, col="red", cex=2)

> x <- seq(from=1, to=2*pi, Tength=41)

# Scatter plot, with red data points of size
2

# A Tine with double width through data

POTTTS
> Tines(x,y, Twd=2)

Loop over plot attributes:

> col <- c(“red”, “blue”)
> plot(x,y, col=col, cex=1:3,

Twa=tY

Write last plot to file:

> dev.print(png, "sin.png")
> dev.print(postscript,

ST s Y

(also in menus on Windows)

A First Plot Example

2005/10/14 Jeff Lin, MD, PhD, | 2005/10/14 Jeff Lin, MD. PhD. 36
Putting Names on Things
- helps you avoid stupid bugs etc.
Vectors: | > x <- ¢(87,76.3,1.67)
> X
[1] 87.0 76.3 1.67
> names(x) <- c(“age”, “weight”,
“height”
> X
age weight height
Questions?! 87.0 76.3 1.67
# Alternatively
YT TCayE=s W ghT=re TS
” > x["age"]
Why [1] 87.0
> bmi <- x[“weight”]/x[“height”]A2
> x[1]
cf. [1] 87.0
> bmi <- x[2]/x[3]A2
2005/10/14 Jeff Lin, MD, PhD, 57 | 2005/10/14 Jeff Lin, MD, PhD, 58
. . > x <- c(a=1:2, b=3, .
Putting Names on Things =5:8) Lists
. | TR ) al a2 bcl c2 c3 c4
Matrices:| > 3 < <7763 1-63 12356738 Vectors and matrices can only
> X3 <~ c(45,62.9,1.54) > x <- Tist(a=1:2, b=3, . £ h
> x <- matrix(c(x1,x2,x3), nrow=3, byrow=TRUE) c=5:8) contain one type of data at the
> X H H
LA L a time, e.g. either numbers or
, 7 76.3 1.67 i i i
B i 112 strings, but lists can carry mixed
[3,] 4562.9 1.54 $h types:
> colnames(x) <- c("age", "weight", "height™) [1] 3
> rownames(x) <- c(“jon”, “kim”, “dan”) $c
> X
ioht heigh [1156738 ; :
jon 37 763 167 > x$a > x <= list(a=li4, b=4:6+21,
kim 78 96.3 1.84 [1]1 12 src="GenePix")
dan 45 62.9 1.54 > x[[*a"1] > X
” e welght. helght (1112 $a
age weigl eigl
87.00 76.30 1.67 > x[2:3] [111234
> x[,c("weight”,"age™] $b $b . . .
. weight age [1] 3 [1] 4+2i 5+2i 6+2i
jon 76.3 87 $c $src
R fsers (] e
> bmi <- x[,"weight"1/x[,"height"]A2 > x[c(“b”,”c™)]
> bmi $h
jon kim dan
27.35846 28.44400 26.52218 Ei'] 3
2005/10/14 Jeft Lin, MD, PhD, 59 2dr11 s 6528 Jeff Lin, MD. PhD, 60
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Data Frames

Data frames are very powerful. Simply speaking you
can treat them as both lists and matrices:

weight=c(76.3,96.3,62.9), height=c(1.67,1.84,1.54))
> df

name age weight height
1 jon 87 76.3 1.67
2 kim 78 96.3 1.84
3 dan 45 62.9 1.54
> df$weight

> df <- data.frame(name=c(“jon”,”kim”,”dan”), age=c(87,78,45),

Importing Data

Data in text (ASCI) files can be imported using read.table():

> df <- read.table(*“foo.txt”, header=TRUE)

> dim(df)

[11 221952 6

> summary (df)

slide spot R

Min.  :1.00 Min. : 1 wmin. :  30.0

1st Qu.:1.75 1st Qu.:13873 1st Qu.: 60.0

0 Median :27745 Median : 102.0
5
0
0

B
>
> DMTRRtable<-cead. table ("DMTKRcsv. cov”, header=TRUE, row.namss=NULL, sep=
> DMTERtable

No age sex M DMyr preAC preBC postAC pastPC Med SIDE PRERS POSKS ABS INFECT
1 1 67 0 0 10 120 160 140 180 O 55 oz 0
2 z 67 0 0 11 100 150 150 zz0 O 1 & 62 O 1
3 3 72 10 4 150 zoo 1z0 1D 2z O &0 94 1 0
4 4 82 1 0 B 150 zOoD 160 250 O 1 47T 80 1 0
5 5 73 10 3 8BS 10 140 200 0 0 41 88 0 0
6 6 76 0 0 1 1z0 1s0 1z0 zoo O 1 52 sS4 1 0
7 7 76 0 0 1 120 150 1z0  z00 O O 48 9 O 0
8 8 77 0 1 35 200 250 23w 300 1 1 4z 80 1 0
9 9 & 0 0 5 130 180 100 150 O O 40 94 1 i
1010 6 0 0 5 130 180 100 10 0 1 45 9 O 0
1111 78 1 0 4 150 zoo 170 230 0 0 5L 89 1 0
1z1z 65 0 o B 200 270 140 300 0 1 55 8z 1 0
1313 73 1 0 25 160 200 200 250 O 1 51 83 1 a
1214 73 1 0 25 1e0 zOD z0O 250 O O 55 86 O 1
1515 8L 1 0 20 180 230 170 250 0 1 43 87 1 0
1616 8L 1 0 20 180 23 170 250 0 0 45 89 0 0
1717 78 0 0 1z 140 160 140 200 O 1 3> 85 O 0
1818 62 0 0 3 200 250 200 2 O 1 55 87 0 0
1519 75 1 0 7 110 160 160 250 0 1 4L 96 1 0
2020 0 1 0 29 125 16D s0 130 o 1 sL 87 1 0
2121 7L 0 0 13 130 150  1s0 250 0 0 45 94 1 0
2222 71 0 0 13 180 =220 160 200 O 1 48 92 O i
2323 83 1 0 20 150 2zz0  z0O 300 O O 53 80 1 0
2424 77 1 0 8 8BS 110 10 10 0 1 33 80 1 0

2005/10/14 Joff Lin MD. _PhD.

| R Console

[1] 76.3 96.3 62.9 . . o
3l e i) He m BE . ie
name age 59.0 Median .00 Median : 32.00
1 jon 87 194.7  Mean .85 Mean : 31.92
? 110.0  3rd 100 3rd Qu.: 36.00
§ Igm :g 62341.0 M;x @ .00 M:x.qu :255.00
an
‘data.framg': 221952 obs. 6 variables:
> as.matrix(df) ine 12343 o
name age weight height int 4416 335 3 43 56 40 7912 51 ...
1 "jon" "87" “76.3" "1.67" $6 £ int 1533 155 47 211 50 110 64 45 4535 65 ...
wgmm " $Rb 39738 39 39 39 39 39 40 39 39 ...
2 "kim" "78" "96.3 -84 $Gb i int 434243 42 42 44 42 43 42 48 ..
3 "dan" "45" "62.9" "1.54"
2005/1071% Zell L D TiD 51 [ 2005/10/14 Jeff Lin, MD. PhD, 62
. o
Importing Data Importing Data
* Data file in the working |z — > # Data Managements
directory > setwd("C://temp//Rdata")
> DMTKRtable<-read.table("DMTKRcsv.csv",
header=TRUE, row.names=NULL, sep=",", dec=".")
> DMTKRtable
2005/10/14 Jeff Lin, MD, PhD, 63 | 2005/10/14 Joff Lin, MD. PhD, 64

Importing Data

> setwd("C://temp//Rdata")

> DMTKRcsv<-read.csv("DMTKRcsv.csv",
header = TRUE, sep =",", dec=".")

> DMTKRcsv

> attach(DMTKRcsv)

> scan(file = "DMTKRcsv.csv", skip=1, sep =".",
dec=".")

| 2005/10/14 Joff Lin, MD, PhD, 66
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Exporting Data

> #twrite data out

>cat("2357","11 13 17 19", file="ex.dat", sep="\n")

# Read in ex.dat again

> scan(file="ex.dat", what=list(x=0, y="", z=0),
flush=TRUE)

df <- data.frame(a = I("a \" quote"))
write.table(df)

write.table(df, gmethod = "double")
write.table(df, quote = FALSE, sep =",")

2005/10/14 Joff Lin, MD._PhD.

Workspace
* during an R session, all objects are stored in a
temporary, working memory
« list objects
- 1s()
* remove objects
- rm()

*  objects that you want to access later must be saved in
a “workspace”

— from the menu bar: File->save workspace

— from the command line:
save (x, file=“MyData.Rdata”)

2005/10/14 Jeff Lin, MD, PhD, o

History

* command line history
* can be saved, loaded, or displayed
- savehistory(file=“MyData.Rhist
ory)
- loadhistory(file=“MyData.Rhist
ory)
- history(max.show=Inf)

* during a session you can use the arrow keys to
review the command history

2005/10/14 Joff Lin MD. _PhD.

Workspace & History

2005/10/14 Jeff Lin, MD. PhD,

68

I
52 Hitsubishi Mirage
53 Mitsubishi Diamante

& Saturn SL
oo Subaru Justy

o7 Toyota Previa
= Volksuagen Fox
oo Volksvagen Eurovan
o Volksuagen Passat
1 Volkswagen Corrado

|
1.7.0- ALanguage and Environment
fistart| | 7] @ (5 || EstatistcswrhRpartt.ppt || vume. N@@@ii 1112

Suzuki Suift
84 Toyota Tercel
85 Toyota Celica history (max. show=Ing)

a7 Toye

Vol s
o1 Volksuagen Corrado
S Volvo 240
EY Volvo 850

x.show=Ing)

B ]statscshRpartL oot
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R: Session Management

* Your R objects are stored in a workspace
+  To list the objects in your workspace: > 1s ()
+  To remove objects you no longer need:
> rm(weight, height, bmi)
*  Toremove ALL objects in your workspace:

> rm(list=1s()) or use Remove all objects in
the Misc menu

+ To save your workspace to a file, you may type

> save.image () or use Save Workspace... in the
File menu

*  The default workspace file is called .RData

R: Saving Your Work and Quitting

You may also save your command history by
using Save History... in the File menu

When you have finished your R session, you can
quit by typing the R command > q () or by
clicking on the X to close the window

Don't forget the parentheses!

You will be asked if you want to save the
workspace image; generally, you will say 'yes' so
that R will save the data there for you (for these
practice sessions, you can say no)

74

2005/10/14 Jeff Lin MD._PhD. 73 1 2005/10/14 Jeff Lin MD. _PhD.
Standard Units Why Standard Units?
*  Standard units (SUs), also sometimes called z-scores,
tell htqw {nan{l) SDs il.bov.e or below the mean (average) * For comparing two (or more) sets of data, it is
a particuiar Observation 1s often useful that values be expressed in the
*  To convert a value x into standard units z, subtract the same units
mean from the value, then divide that result by the SD: . o .
*  Detection of suspected outliers is often carried
z = (x - mean)/SD out in terms of standard units
*  Subtracting the average from each variable value x +  Standard units are important for using the
has the effect of making the average of the z's be 0; normal distribution
dividing by the SD makes the SD of the z's be 1.
2005/10/14 Jeff Lin, MD, PhD, 75 | 2005/10/14 Joff Lin, MD. PhD, 76

R: Functions for Normals

*  Generate pseudo-random normals: > rnorm/(..)
*  Probability to the /eft of a value: > pnorm(..)

*  Quantiles: > gnorm(...)

*  (Height of the curve: > dnorm(...) )

*  These 4 fundamental items can be computed for a
number of common distributions (e.g. binomial, t,
chi-square, etc.): rbinom (), gt(),
pchisq()...

2005/10/14 Jeff Lin, MD, PhD, 7

R: Normal Curve Plot

> xl<-seq(-4,4,.1) 3
> plot(x1l,dnorm(x1) ,

type="1") o

Eo

s ——
: > j 2 .
x1
| 2005/10/14 Joff Lin, MD. PhD, 78
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Exercises:
Experiment with These 4 Functions

+ simulate (and save) 200 standard normals

+ simulate 200 normals with mean 30 and SD 4

*  find the chance that a standard normal is less than 1.5;
bigger than 1.5; less than -5; between -2 and 1 Questions?!

+  find the 30t and 75t percentiles for the standard
normal distribution; for a normal distribution with
mean 30 and SD 4

*  guess how you might be able to make a plot of the
normal curve

2005/10/14 Jeff Lin MD. PhD, L] [ 2005/10/14 Jeff Lin, MD. PhD. 80

Importing Data

> setwd("C://temp//Rdata")

> DMTKRcsv<-read.csv("DMTKRcsv.csv",
header = TRUE, sep =",", dec=".")

> DMTKRcsv

> attach(DMTKRcsv)

Introduction to Basic Descriptive Statistics

> scan(file = "DMTKRcsv.csv", skip=1, sep =".",

dec=".")
2005/10/14 Jeff Lin, MD, PhD, 81 | 2005/10/14 Joff Lin, MD. PhD, 82
31 [13 7
Boxplots and Density Plots Summary of “data types
Vectors (only one type at the time): . . .
PR Lists (any shape, mixed type):
> df <- read.table(“foo.txt”, header=TRUE) . x ° > X <- 1ist(a=1:4, b=4:6+21,
> dim(df) g o 117654321 src="GenePix”)
[1] 221952 : > x 2o cCman3 gy o x
> boxplot(df[,c(" ","Rb","6b™1, g . > x T $a
col=c("red","green™)) . wan wau wgn 171234
# ooops [1] "a" "3" “e Eb]
Zﬁ:’é’élg:gﬂf-[-g’,ﬁm Y, y]-i;l:céot,;goz% o Matrices (rectangular, only one type at the time): E::Il"c4+2.i 5+21 6+21
Densites ofRand &
# Better! B > x <- matrix(1:18, nrow=3) [TI"Gemerix
f > X
.l LE [,11 [,21 [,31 [,4] L,5] Data frames (rectangular, mixed type):
TN 1 > X <-
- | :ll:_%,] 1 4 7 1 13 data.frame(name=c(“jon”,”kim”,”dan"),
> plot(density(1og(df$G,base=2)), 3 age=c(87,78,45),
col="green", main="Densities of R and G") \ [2,1 2 5 8 1 u weight=c(76.3,96.3,62.9),
> Tines(density(log(df$R,base=2)), (] — 17 height=c(1.67,1.84,1.54))
ToT= Ty ° \\ Eg,] 3 6 9 12 15 . x
-1 > x <- matrix(letters[1:12], name age weight height
: < 1 jon 8 76.3 1.67
o\ rouw=3) 7o a0 —roa4
o ——— [ [,21 [,3] [,4] 3 dan 45 62.9 1.54
2005/10/14 Jeff Lin, MD, PhD. 83 (f Lin, MD. PiD, 84
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Bar Plot, Pie Plot, Table

Med.table<-table(Med)
pie(Med.table)
barplot(Med.table)

table(sex, Med)

2005/10/14 Jeff Lin MD._PhD.

Stem-and-Leaf Plot

stem(PREKS)

[ 2005/10/14 Jeff Lin, MD. PhD. 36

Box Plots and Histograms

boxplot(PREKS)

boxplot(PREKS,POSKS)

hist(PREKS)

hist(PREKS,freq=FALSE)

hist(PREKS, breaks=seq(33,63,3), freq=FALSE)

Relative Frequency Polygon

preks.hist<- hist(PREKS, breaks=seq(30,70,1),
freq=FALSE, border="white")

lines(preks.hist$mid,preks.hist$intensities)
abline(h=0)

88

2005/10/14 Jeff Lin MD. _PhD. 87 1 2005/10/14 Jeff Lin MD._PhD.
Relative Cumulative Frequency Plots Summary
preks.hist<- hist(PREKS, breaks=seq(30,70,1),
freq=FALSE, border="white") summ;r;g’;SEKS)
preks.int<-seq(31,70,1) rnear.l( )
. .y median(PREKS)
preks.ref<-cumsum(preks.hist$intensities)
plot(preks.int, preks.rcf, type="1") # “I"ittle var(PREKS)
o S sd(PREKS)

2005/10/14 Jeff Lin, MD, PhD, 89 | 2005/10/14 Joff Lin, MD, PhD, 90
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Quantiles

quantile(PREKS)
quantile(PREKS, seq(0,1,0.25))
quantile(PREKS, seq(0,1,0.20))
quantile(PREKS, seq(0,1,0.1))
quantile(PREKS, seq(0,1,0.05))

Bivariates

plot(age, PREKS)
plot(PREKS, POSKS)

boxplot(PREKS~Med)
boxplot(POSKS~ABS)

qqnorm(PREKS) table(sex, Med)
qqline(PREKS, col = 2) table(sex,Med,ABS)
qqplot(PREKS,rnorm(300))
2005/10/14 Jeff Lin MD. PhD, 2l [ 2005/10/14 Jeff Lin, MD. PhD. 92
Exploratory Data Analysis (EDA)
Also called descriptive statistics, this term is
used to describe the process of 'looking at the
data’ prior to formal analysis
. 2 In this phase of analysis, data are examined for
Questlons oo quality and ‘cleaned’ as well as displayed to
provide an overall impression of results
We will look at two types of summaries:
- Graphical summaries
- Numerical summaries
2005/10/14 Jeff Lin, MD, PhD, 93 | 2005/10/14 Joff Lin, MD. PhD, 94
Graphical Data Summaries Histogram

For a single categorical variable:

- Bar plot, dot plot (not covered here)
For a single numerical variable:

- Histogram (next)

- Boxplot (a little later)
For two numerical variables:

- Scatterplot

2005/10/14 Jeff Lin, MD, PhD, 95

A histogram is a special kind of bar plot

It allows you to visualize the distribution of
values for a numerical variable

When drawn with a density scale:

- the AREA (NOT height) of each bar is
the proportion of observations in the
interval

- the TOTAL AREA is 100% (or 1)

96

| 2005/10/14 Jeff Lin, MD. PhD,

16



0SRO00 Introduction

2005/10/14

R: Making a Histogram
*  Type ?hist to view the help file
- Note some important arguments, esp breaks

+  Simulate some data, make histograms varying the
number of bars (also called 'bins’ or ‘cells"), e.g.

> par (mfrow=c(2,2)) # set up
multiple plots

> simdata <-rchisq(100,8)

> hist(simdata) # default number of
bins

> hist(simdata,breaks=2) # etc,4,20

2005/10/14 Jeff Lin MD._PhD.

97

| 2005/10/14

Histogram of simdata Histogram of simdata

015

Frequency

Frequency
0 10 20 30 40 50 60 70

simdata simdata

Histogram of simdata Histogram of simdata

2
2

Frequency

02 4 B 8 10 12

O

Joff Lin, MD. PhD. 98

R: Setting Your Own Breakpoints
> bps <- ¢(0,2,4,6,8,10,15,25)

> hist(simdata,breaks=bps)

Density
006

004
L

002

000
'y ‘

2005/10/14

99

| 2005/10/14

Scatterplot

A scatterplot is a standard two-dimensional (X,Y)
plot

Used to examine the relationship between two
(continuous) variables

It is often useful to plot values for a single variable
against the order or time the values were obtained

Jeff Lin, MD, PhD,

R: Making a Scatterplot
*  Type ?plot to view the help file

- For now we will focus on simple plots, but R
allows extensive user control for highly
customized plots

»  Simulate a bivariate data set:

> z1 <- rnorm(50)
z2 <- rnorm(50)

rho <- .75
between -1 and 1)

> x2<- rho*zl+sqrt(l-rho”2) *z2
> plot(zl,x2)

vV Vv

# (or any number

2005/10/14 Joff Lin MD. _PhD.

101

| 2005/10/14

Scatterplot of X2 vs. 21

z1

Jeff Lin, MD, PhD,
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Numerical Summaries

Categorical/Qualitative variables

- frequency table (not covered here)

Numerical/Quantitative variables

- center

- spread

103

Measures of Center: Mean

The mean value of a variable is obtained by
computing the total of the values divided by the
number of values

Appropriate for distributions that are fairly
symmetrical

It is sensitive to presence of outliers, since all
values contribute equally

InR: > mean(zl)

104

2005/10/14 Jeff Lin MD._PhD. 1 2005/10/14 Jeff Lin MD. _PhD.
Measures of Center: Median Measures of Spread: SD
*  The median value of a variable is the number *  The standard deviation (SD) of a variable is the
having 50% (half) of the values smaller than it (and square root of the average* of squared deviations
the other half bigger) from the mean (*for uninteresting technical reasons,
. .. . . . instead of dividing by the number of values n, yo
+ Itis NOT sensitive to presence of outliers, since it usuall divic;; b i _1}; " values o, you
'ignores’ almost all of the data values v Y
.. . + TheSDi iat f h
*  The median is thus usually a more appropriate © DL 1S 4Tl appropriate measute o spread when
Lt center is measured with the mean
summary for skewed distributions
+ InR: > 1
* InR: > median(zl) n sd(z1)
2005/10/14 Jeff Lin, MD, PhD, 105 | 2005/10/14 Joff Lin, MD. PhD, 106

N

2005/10/14

Slight Digression: Quantiles

The p™ quantile is the number that has the
proportion p of the data values smaller than it

30%

10 15 20 25 20

I 5.53 = 30th percentile

Jeff Lin, MD, PhD,

107

| 2005/10/14

Measures of Spread: IQR

The 25" (Q,), 50t (median), and 75t (Q,) percentiles
divide the data into 4 equal parts; these special
percentiles are called quartiles

The interquartile range (IOR) of a variable is the
distance between Q; and Qj:

IQR=Q;-Q,

The /OR is one way to measure spread when center is
measured with the median

InR: > IQR(z1) # note CAPITALS here

Jeff Lin, MD. PhD,
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Boxplot of Simdata
Five-Number Summary and Boxplot simdata <-rchisq(100,8)
* An overall summary of the distribution of variable suspected

2005/10/14

values is given by the five values:

Min, Q,, Median, Q;, and Max

* InR, this summary can be obtained with the
function quantile () (or the function
summary (), which also includes the mean)

* A boxplot provides a visual summary of this five-
number summary

Jeff Lin MD. PhD,

109

; /auﬂiers

& | whiskers'
median

/

Q

| 2005/10/14

Joff Lin, MD. PhD. 110

2005/10/14

Measures of Spread: MAD
* The median absolute deviation (MAD) of a
variable is obtained by

1) getting the absolute values of the deviations
between data values and the median, and then

2) taking the median of those absolute deviations.

*  MAD is a more robust measure of spread than the
SD

*  The MAD is another way (besides IQR) to measure
spread when center is measured with the median

* InR: > mad(zl)

Jeff Lin, MD, PhD,

111

Introduction to Packages and Libraries

| 2005/10/14 Joff Lin, MD. PhD, 112

2005/10/14

Packages

On CRAN - Comprehensive R Archive
Network — there are today 300+
packages published!

Browse CRAN at
http://www.r-project.org/

Find what you want.
Dirt simple to install package!

At the Centre for Mathematical
Sciences we try to keep install and
update all package on our system.

Jeff Lin, MD, PhD,

113

Install a Package

* On Windows extremely easy!

* On all systems:

> install.packages(c("adapt”,"maptools"))

trying URL “http://cran.r-project.org/bin/windows/contrib/1.7/PACKAGES"
Content type "text/plain; charset=iso-8859-1' Tlength 12674 bytes
opened URL

downloaded 12Kb

trying URL “http://cran.r-project.org/bin/windows/contrib/1.7/adapt_1.0-

Content type “application/zip' length 39304 bytes
opened URL
downloaded 38Kkb

trying URL “http://cran.r-project.org/bin/windows/contrib/1.7/maptools_0.3-
2.zip

Content type "application/zip' length 129634 bytes
opened URL
downloaded 126Kb

pelete downloaded files (y/N)? y
updating HIw package description
> Tibrary(maptools)

| 2005/10/]4

Joff Lin, MD, PhD, 114
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Update Packages Using/Loading a Package

e On all systems: * On all systems:

> update.packages () > library(maptools)

trying URL “http://cran.r-project.org/bin/windows/contrib/1.7/PACKAGES"

Content type “text/plain; charset=iso-8859-1' length 12674 bytes # some package loads other package tol
opened URL

> library(com.braju.sma)

downloaded 12Kb N .
Cluster Loading required package: R.oo
version 1.7.3 in c:/PROGRA~1/R/rwl071/Tibrary R'°°_V0'44 (2.003/10/29) was §uccessfu
Version 1.7.6 on CRAN Loading required package: R.io
update (y/N)? y R.i0 v0.44 (2003/10/29) was successfuf
foreign : Loading required package: R.graphics R P
version 0.6-1 in c:/PROGRA~1/R/rw1071/Tibrary R.graphics v0.44 (2003/10/29) was suc| s T
version 0.6-3 on CRAN com.braju.sma v0.64 (2003/10/31) was
Update (y/N)? 'y Toaded
trying URL “http://cran.r-project.org/bin/windows/contrib/1.7/foreign_0.6-
3.zip' | > _example(MAData) g
Content type “application/zip' length 109855 bytes H
opened URL =

downloaded 107Kb

Delete downloaded files (y/N)? y
updating HTML package descriptions

) Punttp- ides 2
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Fie Edt Misc Packages Windows Help

- R Console

2 : copyright 2003, The R Development Core Teanm
ersion 1.7.0 (2003-04-16)

Version 1.7.0 (2003-04-16)

=lolx|

is free softvare and comes with ABSOLUTELY NO VARRANTY.

volcano Topographic Information on Auckland's Naunga VS
[ron sre velcome vo redisuribuce ¢ under certain conditions. R is free softvare and Comes i yarphreaks The Nurber of Breaks in Yarn during Ueaving
P . You are welcome to redistribute yomen Average Heights and Veights for Awerican Vomwen

3 Liab: n N Type “licenmse()' or ‘licence()'
is a collaborative project with many contributors.

Data sets in package 'MASS':
frype “contributors() for more information. R is & collsborative project wi B2

frype “demo )+ for some demos, ‘help()' for on-line help, or Type Teomumitons()! for mone | shbey e FePerAT o P (P o fe e
help.start()' for a HTHL browser interface to help. Type ‘demo()! for some demos, ' asass hustralian AIDS Survival Daca
fType "a()' to quit R ‘help.starc()' for a HTHL brows ppimals Brain and Body Weights for 28 Species
. . Type “ql)}' te guit R. anorexia Anorexia Data on Veight Change
library("MASS") austres Quarterly Time Series of the Number of Austral$
> Libracy("HASS") bacteria Presence of Bacteria after Drug Treatments
> data() beavl Body Temperature Series of Beaver 1
> 1 heavz Body Temperature Series of Beaver 2
biopsy Biopsy Data on Breast Cancer Pacients

Risk Factors Associated with Lov Infant Birth §

Co-operative Trial in Analytical Chemistry

cpus Performance of Computer CPUs
crebs Morphol 1 on cras
Cushings Diagnostic Tests on Patients with Cushing's Sy§
DT DDT in Kale

deaths Honthly Deaths from Lung Diseases in the UK

1.7.0- A Language and Envianment
[ histart | ) sttt wEhRParL ot

Fie Edt Misc Packages Windows Help

L

2 : copyright 2003, The R Development Core Teanm
ersion 1.7.0 (2003-04-16)

is free softvare and comes with ABSOLUTELY NO VARRANTY.
ou are welcome to redistribute it under certain conditions.
[rype “license()' or ‘licence()' for distribution details.

2 15 a collaborative project with many contributors.
frype “contributors() for more information.

Type “demo()! for some demos, ‘help()' for on-line help, or
'help.start()' for a HTHL brovser interface to help.
frove "0 to quit R

Library ("HASS")

= - Questions?!

carso3
Manufacturer Model  Type Min.Price Price Max.Price NPG.city

L cura Incegra  Swa 2.9 15. 18.8 25
3 aeura Legend Hidsize 29.2 33.9 38.7 18
Judi 90 Compact 25.9 29.1 32.3 20

|« hudi 100 Midsize 30.8 37.7 44,5 15
8 BV 5351 Midsize 23.7 30.0 36.2 22
s Buick Century Midsize 14.2 15.7 17.3 22
d Buick Lessbre  Large 9.5 20.8 21.7 19
Buick  Roadwaster Large 22.6 23.7 24.9 16

3 Buick Riviera Midsize 26.3 26.3 26.3 19
10 Cadillac Deville Large 33.0 34.7 36.3 16
11 Cadillac Seville Midsize 37.5 40.1 42.7 16
12 Chevroler Cavalier Compact 8.5 13.4 18.3 25
15 Chevrolet corsica Compact 114 114 11.4 25
14 Chevrolet Camaro Sporty 13.4 15.1 16.8 15
15 Chevrolet Lumina Midsize 13.4 15.9 8.4 21
16 Chevrolet Lumina APV Van 14.7 16.3 18.0 18
17 Chevrolet istro  Van 14.7 16.6 18.6 15
s Chevrolet Caprice  Large 16.0 18.8 19.6 17

1.7.0 - ALanguage and Environment.
[ histart | ) sttt wEhRParL ot
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Probability Distributions

» Cumulative distribution function P(X <x): ‘p’ for the CDF
* Probability density function: ‘d’ for the density,,

* Quantile function (given ¢, the smallest x such that P(X <x) > g):
‘q’ for the quantile

* simulate from the distribution: ‘r

Distribution R name additional arguments
beta beta shapel, shape2, ncp
binomial binom size, prob

Cauchy cauchy location, scale
chi-squared  chisq df, ncp
exponential ~ exp rate

F f dfl, df1, ncp
gamma gamma shape, scale
geometric geom prob
hypergeometric hyper m, n, k
log-normal Inorm meanlog, sdlog

logistic logis; negative binomial nbinom; normal norm; Poisson pois; Student’s t
t ; uniform unif; Weibull weibull; Wilcoxon wilcox

| 2005/10/14 Jeff Lin, MD. PhD,
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Random Numbers

> X <- rnorm(10000, mean=2, sd=4)
> length(x)

[1] 10000

> mean(x)

[1]1 2.007904

> sd(x
[1] 3.969784
> summary (x) z

Min. 1st Qu. Median Mean 3rd Qu. Maj
-12.670 -0.607 2.000 2.008 4.701 15.8!
> hist(x) °
# or use probabilities (not counts) on y-axis S
> hist(x, probability=TRUE)

Histogram of x

Density

2005/10/14 Jeff Lin MD. _PhD.

Defining Functions and Scripts

> cubic <- function(x) 1 + xA2 -
0.5%xA3
> cubic(0:4)

£17 71T 1T0"=375"=1570

& Lister - [C:\tmp\cubic.R]
Fie Edt Optons tep 0%

# cubic(x)

# Read R code from file

> source("“cubic.R”)

> cubic(0:4)

[11 1.0 1.5 1.0 -3.5 -15.0

> cubic R

function(x) {
1 + xA2 - 0.5*xA3 # HISTORY:

} 1 2603-11-12 I
# 0 Created.

# Author: Henrik Bengtsson, maths.lth.se

cubic <= Function(x) {
X2 - 0.5%x°8

| 2005/10/14 Jeff Lin, MD, PhD,
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Adding Data Points to an Existing Plot

> f <= function(x) xA2

> x <- seq(-10,10, by=0.01)
eps <- rnorm(length(x), sd=4)
y <= f(x) + eps

v

v

*

plot() creates a new plot
plot(x,y)

v

points() add data points to
an existing plot
points(x,f(1.1*x), col="blue")

R

v

same for abline() and others
abline(h=0, col="green")
abTine(v=0, col="purple")
abline(a=0, b=1, col="orange")

VoV Vo

*

Same for curve() with add=TRUE
curve(f, col="red“, add=TRUE)

v

(on request by Linda)

2005/10/14 Jeff Lin, MD, PhD, 125

Questions?!

| 2005/10/14 Jeff Lin, MD. PhD,

126

21



0SRO00 Introduction 2005/10/14

Thanks !

22




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


