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Chapter 1

Introduction

R B— AW IFE T v SRR BB S MRS, SO IRE R
FAFELMUNIX T4, Windows FIMacOS 2. R #4: T/ Z K% TR (%%
PRV RER, SRS, BIRTA, AT, A2, R 5%
MAERAENEE LA R NIETLELHN package Ky 7.

1.1 R website

R MEHPS AR Project Website. MU E R EEFEERS FH %
M, R WMFHBCRAFE SRR BESSE. Bl R RANEH A
42.9.1. R HMFEWindows FRIZERIEF F K. EHERBIERK T
ﬁ%iﬂ?ﬁ%‘iﬂr, HESER FAQ: How can R be installed.

FHETR TERPPRI N G0 DL K G vh B8 45 5 TH (B H B

e Bioconductor: Bioinformatics with R
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http://www.r-project.org
http://cran.r-project.org/doc/FAQ/R-FAQ.html#How-can-R-be-installed_003f
http://www.bioconductor.org/

1. INTRODUCTION
e Rgeo: Spatial Statistics with R
e gR: gRaphical models in R
e Robust: Robust Statistics with R

e Rmetrics: Financial Market Analysis with R

1.2 Differences between R and S

1. R HiRoss Thaka flRobert Gentleman FLEEISE, AT LIAE A ZHATET
TREREFAMS EFMA ML S ESREFERNS
fEInsightful A KS-PLUS .

2. R S ERWHES LEEREUZ AR, TATTLAS h—FHiTHE
= MEI LA NZINES: “old S engine” (S version 3; S-Plus 3.x
and 4.x), “new S engine” (S version 4; S-Plus 5.z and above), LA

KR. FHR S WZER EEZ “engines” .
PAUFS #i5S 51%, R 48R 5%,
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http://www.r-project.org/Rgeo
http://www.r-project.org/gR
http://www.r-project.org/Robust
http://www.rmetrics.org/

1. INTRODUCTION

1. WW¥EAEAE (lexical scope): 5 U1 Fi%L

TCode
cube <- function(n) {
sq <- function() n * n

n * sq()

| Code

S T, sq() AomiEAEn, RiFEeRiEE.

TExample

S> cube(2)

Error in sq(): Object "n" not found
Dumped

S>n <- 3

S> cube(2)

[1]1 18
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1. INTRODUCTION

l | LExample
ZER 1, cube() #iHAH BRI F=41 “environment” WAL HA:
‘ TExample
R> cube(2)
(11 8

| | LExample

2. Ay
o {ES 1, FoRm N AR By Wz MEIEHIn(y~ x°3), MER F, Mi%
Fim(y ~ 1(x"3)).
o glm JRWHRIER S FRETHREARR], ERI S BFRAE.
o Hlina.action TER FERIAA “na.omit” , S HEH.
o Ry = x+0 fly~x-1 %M, A SHWBA AT LB y~0 f55E.
3. HAMEEHLMMR 5S ZMMERNIESE: What are the differences
between R and S7
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1. INTRODUCTION
1.3 Start with R

R R—F@EMETFES, BHAUE C 2iF Fortran ZEMMIFESH
FEMBE—ANTERRTFER. 4 R BITH, AR, J0E, RELER
LI Z (objects) KITERAFEVHHMMTES A, IHEA MK LTS,
FATTLGE S IR EAF (AR, B, HESE) MR (A G
FFB) SRAFIX LS G HATHRAE.

RARS)SHMEENG T RAZ MNEZEER. £RT, —ANEH 0 —
By JLIP SR, IR 5 RAR AP AR AE RS B L. DR A (o] U5 ) 3l A I
SASHISPSS&4AtHAEW Z M 4R, HR K4 R/, TS5 RA20E
FE—MUIEX S, WA R B EHAT SF S AT

R &S PREAK ST THEMA MR L T RERENAET.
B, —400 n KX, HAARBIEL:

TExample

>n
[1]1 10

| Example
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1. INTRODUCTION

PSRBT IR 0 B AR ER, KA S M
FHH print L, WL R print(n) MF(EALEAGS T, 10 HEzE—
B R T N 5 3 i print B ).

TExample
> n<-1:30
>n

[1] 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20

[21] 21 22 23 24 25 26 27 28 29 30

| LExample

G M2 FUIRE U FRIR(A-Z Hoaz), PRTUGSFE, %
F(0-9), ()R TRIL(O). Fh RAMZMEFRGARNE, Frbh x # X
HUARPDEENFRINER.

RA—AWRINHE) TR LIRS AR EE 25 8. 4, B Hlisolve,
M

TCode
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1. INTRODUCTION

> help(solve)

| Code
e
| > ?solve | o
. ,  1Code
X — LSRR BR ) T R B TR VA R SR RTE (if for, function ), T2 2504
HBAER G | 5B 5] 5
> help("[[") ; help("if") T;o:c
BINRET, Hfihelp REAEMBANGFF A FEE, ETitry.all. package
ESRAE HAFALSE, HRIEE R ATRUE, WAEFHEEHHTHER.
[ ‘ TExample
> help("bs")

No documentation for ’bs’ in specified packages and libraries:
you could try ’help.search("bs")’
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1. INTRODUCTION

> help("bs", try.all.packages = TRUE)

Help for topic ’bs’ is not in any loaded package
but can be found in the following packages:
Package Library

splines  /usr/lib/R/library

AT BLUE S RAHTMLA% 2 B 30k

> help.start()

help.search () (M HI77) My & 45 5 2 BRI B A 7 3055 4h, o) DUfE

Flexample O & HFIRE M L. Hlan

> help.search("tree") i, 77mean

ST BB TS B tree” B . HEWREE S ERIETL
LZHEN, NI S B #help.search ¥ [Frebuildig Ik Fil B £ 47 FE (e.g.,

Previous Next First Last Back Forward
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TCode
| Code

TCode
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1. INTRODUCTION

help.search(”tree”, rebuild = TRUE)). I

> example(mean); example(InsectSprays)Z Tznde
‘ 1 Code
23R BAR N R .
%L apropos REAEFTHWBANFRBHRLTELTEHIRETLN
F %, Fln
‘ ‘ TExample
> apropos (help)
[1] "help" ".helpForCall" "help.search"
[4] "help.start"
| LExample
WRR AT RAE — A S (Bl Wicommands. R) B, W AT LU
> source("commands.R") T?’de
L ode
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1. INTRODUCTION

fEWindows It 0] DU F SCAF 38 BRI 4T 6 0. sR Bsinkdt 8 Hl & LR km
B 45 5 e Il B FE e SO ECE TR T S % H B & b

sink("record.lis") H sink()

I3 AR e 4 4 R B 410 AR B T B30 record lis”, BUE EHTHE
A BRI G £

MRS ( 5 )RBIF, BB A —MHAT. A& B
RIBAEAERE S ( {7 A Y )z, ERAFS( ‘# ) AL T7 FF 46,
R —HBZAT R BoER . R A S RA TR, RESET
S AT I IR AL S — MRERAT

+

TR S, BEZA SR EER L.
4 objects 5 Is FIH 28T R B (W) FRIBTE XS 48R4 W

> name <- "Carmen"; nl <- 10; n2 <- 100; m <- 0.5
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1. INTRODUCTION

> 1sQ)

[1] Ilmll llnlll lln2" Ilna-rnell

L | LExampl

AR AE B R BELARPHEEMEEFHONSE, WS B EEH pat-

tern SRSZDL(RI 5 A pat):

[ ‘ TExample

> 1ls(pat = "m")

[1] Ilmll llname"

| | LExample

Rt — B WA BRTE AR LAEAFREFFR XS4, A

[ (R
TExample

> 1ls(pat = ""m")

[1] Ilmll

| Example

| J
rm 2] LUK E I SN A A2 HBR. rm () BB 42 xRS, rm(x,y)
¥4 hx My %t 4 irm (list=1s(all=TRUE) ) ¥ I & 2450 W 72 T W 4.
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Chapter 2
Data with R

2.1 Objects

RH # F 1%t % (objects) 8 3 7] & (vector), K F(factor), 4 (array), 4
B (matrix), BHHE(data frame), B EFF(ts), 51K (list) 5555, AN S
HMEWANWNERBME: KA (mode) K (length). KA R ZITTEFIFEAFIE,
A R BMEE (numeric), FfF 8 (character), E## (complex) i
8 (logical)(FALSEETRUE). BARAFAEHE KA (raw), (HAHAAE
SRFSEAE, BRI EERER; KERNET TR E. HRIBRMK
FERT A4 538 3 B FimodeMllength 5 2. 440

>x <=1
> mode (%)

[1] "numeric"
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2. DATA WITH R

> length(x)

[11 1

> A <- "Gomphotherium"; compar <- TRUE; z <- 1i
> mode (A); mode(compar); mode(z)

[1] "character"

[1] "logical"

[1] "complex"

| LExample
TR A RB R HHRE, BREER SR ANACRA] ) RER; SR RREUE

ey e goE &

‘ ‘ TExample

> N <- 2.1e23

>N

[1] 2.1e+23

| LExample
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2. DATA WITH R

R ARS8 T AT X R 2R T LU B $lobjects () R A E .
RAT DA IE fff #1875 6 95 O B8, 30 Inffl-InfR Rdoo, Bk FINaN (JE%L
FVFRARECEIE. i

‘ ‘ TExample
> x <- 5/0

> x

[1] Inf

> exp(x)

[1] Inf

> exp(-x)

[11 0

>xX - X

[1] NaN

| LExample

N € b B S i
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2. DATA WITH R

RSV

PIE3 e F— A% G

EZicaro
[ BUER, PR, SRR, s E
Sl BUER TR o)
e HER, AR SR, sPET 1
y A HUER, PR, S, BP A 5
HHiE HEM, AR SR, s 2
WEFTI(ts)  BER, PR, SR, SPER 5
yR BER, TR, SR, SUBER 2

Mg, Rik,...

MR —ANEE, RSB AMTEFE DA OIRE, HT_— A 0RTE,; B4
RGN EIRR; BN — MR, 4k = 2. R, Bds8EE
R R 1) BT T FR BB U R —Fh S B B AE A e — AN LA 1R B (1) BRI
THIBL, EIUFREKN, HATLERRPEEERR, “ts” FonitEFais
W, e — A B T, A AT R I I 23R T DA AT R R X
AIEFIR! ST —AFE, FERRRAK R SRR SR, T e i g )
TR EBAME B, X EE B AMEN B M (attribute) 45 . BIIIERATAT LS
FlIX 6@t 1 dim B, FLR SR FR I RIS, han—AN24T 250 i 4R
B, B dim @ R — AU [2,2], ER KB 45010
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2. DATA WITH R

> x

C1 C2
Rt 1 3
R2 2 4
> attributes(x)
$dim
[11 2 2
$dimnames
$dimnames [[1]]
[1] "R1" "R2"
$dimnames [[2]]
[1] "c1i" "c2"
> attributes(x)$dim
[1] 2 2

Previous Next First Last Back Forward
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2. DATA WITH R

R [ W] LUl i as. something() FE R M & K. Bia0:

> z<-0:9
> digits<-as.character(z)
> digits
[1] mom mam n2m m3m ngn uwgn wgn nyn wgw ngn
> as.numeric(digits)->x
> x
[11 0123456789
> mode (x)

[1] "numeric"

AN EME — B HKelass. W LURT K $class KRG I H AR, XA
FEER IR B PR F SRAE R BEAT TR 1) X B AR PP i vt
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2. DATA WITH R
2.2 Reading data in a file

RAFH TAE H 3t (working directory) K58 it 5 SO, AT LME A 64 getwd ()H1
setwd ()RR e sE TAE H 3%, Bl

setwd("C:/data") E{#setwd("/home/paradis/R") TCode
T

R A LM F R $iread . table (B 4F LA 2R & JE 3X), scan and read.fwf i
TEEE txt (ASCIT) TP IIEHE. fd

> mydata <- read.table("data.dat") TCode
‘ . LCode
M TAE H 8530 data.dat 2 EUEE, 618 — 48 Amydataf 25y
AEPAERI TS, K¥read.tableG R 2S5 [ ffi7read.table
KT REASHN
T X
read.table(file, header = FALSE, sep = "", quote = "\"’", TCode

dec = ".",row.names, col.names, as.is = FALSE,
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2. DATA WITH R

na.strings = "NA",colClasses = NA, nrows = -1, skip = O,
check.names = TRUE, fill = !blank.lines.skip,
strip.white = FALSE, blank.lines.skip = TRUE,comment.char = "#")

LC()(J?
Ei#read.tabley JLFFAATE s A

A7)

TCode

read.csv(file, header = TRUE, sep = ",", quote="\"", dec=".",
£i1l = TRUE, ...)

read.csv2(file, header = TRUE, sep = ";", quote="\"", dec=",",
£i1l = TRUE, ...)

read.delim(file, header = TRUE, sep = "\t", quote="\"", dec=".",
f£ill = TRUE, ...)

read.delim2(file, header = TRUE, sep = "\t", quote="\"", dec=",",

fill = TRUE, ...)
| Code
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2. DATA WITH R

P fiscantlread. table N R iG. BATZ M H— X BILEFscann] LLFE 2 1L
NAE RIS Bl

> mydata <- scan("data.dat", what = list("", 0, 0))

BEE T 3Cfdata.dat T =AM E, B—MEAHFUTE, R ESERAD R,
F—AEEI X HIAE Fscan ()T LU RN AR &, &, 5, SHEE,
FIE... BAENT, scanfllg—A T BERH AN 5.

scan(file = "", what = double(0), nmax = -1, n = -1, sep = "",
quote = if (sep=="\n") "" else "’\"", dec = ".",

skip = 0, nlines = 0, na.strings = "NA",

flush = FALSE, fill = FALSE, strip.white = FALSE, quiet = FALSE,
blank.lines.skip = TRUE, multi.line = TRUE, comment.char = "")

B Hrread. fw AT DL FH R BEECST A A — L0 52 98 A 2 i i

Previous Next First Last Back Forward 20
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TCode

| Code
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2. DATA WITH R

read.fwf(file, widths, sep="\t", as.is = FALSE,

skip = 0, row.names, col.names, n = -1, ...)

Bk Tiiwidthssh, HARETEA fread. tablet [F]. 10

bR

Al.
Al.
B1.
B1.
C1.
C1.

501.
551.

601

651.
701.
751.

NJooos won

\%

DD O W N

|
mydata <- read.fwf("data.txt", widths=c(1, 4, 3))

mydata

Vi v2 V3
A 1.50 1.2
A 1.55 1.3
B 1.60 1.4
B 1.65 1.5
C 1.70 1.6
Cc1.75 1.7
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2. DATA WITH R
2.3 Saving data

B #write.table®] LE LR BN —ANKE, — RS —ANEIEHE, ar b2
HE R EN S (&, FHFE..). SEFET:

TCode

write.table(x, file = "", append = FALSE, quote = TRUE, sep = " ",
eol = "\n", na = "NA", dec = ".", row.names = TRUE,
col.names = TRUE, gmethod = c("escape", "double")) | Code

258 P O T B PR T VR — A S (B o, WA R, KRR, B E S BN
1, ATLME A firSwrite (x,file ="data.txt"). XEHFHNEIN:

o nc(BFncol), FIKE U RFIE(TEREEI T, WR xR FE I
&, Mnc=1; X THEHHERnc=>5);

e append, FsR ¥ 2 M N E XA data.txt & G (TRUE), &2 &b i1
REHKANA(FALSE).

BRg —AEEHERT WX ER, BAIVW LML 6 Ssavex, v, z,
file= "xyz.RData"). A LA fiEINASCII=TRUEM B HHHEANF I3
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2. DATA WITH R

Z IR EE TR 5 %% . Bl (R RIARTE R U i TAE 2= A]) 7] LAYEAf i load ("xyz .RData") Z
JEBNEBINAFH. B¥save.image() f&save (1ist =1s(all=TRUE),file=".RData")[}]
— AR

2.4 generating data
AR (RO BET" " Filiseq () H5%:

TExample

> x<-c(1,2,3,4,5) > ch<-c("sa","ba") > 1:5-1

> x > ch [11] 01234

[11 12345 [1] "sa" "ba" > 1:(5-1)

> y<-1:5 > z<-seq(1,5) [11 1234

>y >z

[11 12345 [11 123 45

| | LExample

B Hiseq() TIREIRK: [sea(length.out
=0) 45 Rt
%7
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2. DATA WITH R

seq(from, to) #2E M fromElto [AIFE A L K P51
seq(from, to, by= ) #2E il M\ fromEto [A]F& by 1751
seq(from, to, length.out= ) #4E MfromFtoft] K & Hlength. out)
izl

seq(along.with= ) #2E /7511 length(along. with)
seq(from) #7511 : Llength (from)
seq(length.out= ) #/E /)7 %1 1ength(length.out)

| Code

G AR B R N — LSRR W LY, AR E AT BRI IL T K scan &
3, PLCtr14+-Z45 R,

1 Example
> z <- scan() > z

1: 1.0 1.5 2.0 2.5 [1] 1.0 1.5 2.0 2.5

5:

Read 4 items

| LExample
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2. DATA WITH R

TR HEA (L) fE 7T LA B Brep ():

TExample

> rep(1,3)

[1] 1 11

> rep(c(1,2),2) > rep(1:2,each=2)
[11 1 212 [11] 1122

> rep(1:3,1:3)
[1] 122333

| | LExample

A= FGHIN B PR T LA Y R gl ()

TExample

> gl(2,3) > g1(2,3,length=4)
[1] 111222 [1] 1112
Levels: 1 2 Levels: 1 2

> gl(2,2,label=c("F","M"))

[11 FFMM
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2. DATA WITH R

Levels:

FM

BJ5, Hiflexpand.grid() 812 — AN EIEHE, L RELESHNZSKEELE

W N -

expand.grid(h= c(60, 80), w=c(100),s= c("M","F"))

h
60
80
60
80

w s
100 M
100 M
100 F
100 F

FEAEREHLIFFU AT LURE F R A R 45 o R 5

Previous Next First Last Back Forward
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2. DATA WITH R

IR EEQ

Gaussian (normal) rnorm(n, mean=0, sd=1)
exponential rexp(n, rate=1)

gamma rgammal(n, shape, scale=1)
Poisson rpois(n, lambda)

Weibull rweibull(n, shape, scale=1)
Cauchy rcauchy(n, location=0, scale=1)
beta rbeta(n, shapel, shape2)

‘Student’ (t)
Fisher-Snedecor(F)
Pearson (x?)
binomial
multinomial
geometric
hypergeometric
logistic

lognormal

negative binomial
uniform
Wilcoxon’s statistics

rt(n, df)

rf(n, df1, df2)

rchisq(n, df)

rbinom(n, size, prob)
rmultinom(n, size, prob)
rgeom(n, prob)

rhyper(nn, m, n, k)

rlogis(n, location=0, scale=1)
rlnorm(n, meanlog=0, sdlog=1)
rnbinom(n, size, prob)

runif(n, min=0, max=1)
rwilcox(nn, m, n), rsignrank(nn, n)

REFXF G R BEA AR, AFHd. pE#E 28N, tiins g
B E (dfunc(x, ...)), BTHHEZRS AT ek 5 (1B 4340 B 40 (pfunc(x, ...)) M4
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2. DATA WITH R

% (qfunc(p, ...), 0 < p < 1).

T Example
> pnorm(0) > qnorm(0.05)
[1] 0.5 [1] -1.644854
> dnorm(0) > 1/sqrt(2xpi)
[1] 0.3989423 [1] 0.3989423

| Example

2.5 Manipulating objects

2.5.1 Creating objects

> vector [MEZERF FIEARNN G AR LN B T Hc(),seq() F5A
Ema. FE DUREUER, TR RS A

vector (mode = "logical", length = 0) as.vector(x, mode = "any") [Code
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2. DATA WITH R

is.vector(x, mode = "any") | Code

> factor — AT AMXELRE 7 S48 A 5 3B AR AR B A 7] (T RE/KF (B
ENESIRTAHI). BT RS factor F T HEKIEHAIE—NE T

factor(x, levels = sort(unique(x), na.last = TRUE), fCode

labels = levels, exclude = NA, ordered = is.ordered(x)) | Code

T Uk R B0 2% 1 R $0E Fhordered (IR £ 3 B, 4 FISTE & 3 %), is.factor,
is.ordered, as.factor flas.ordered¥. Bfi#{levelsh] A& H —/NE T X Z KK
P

> matric —NMEBESERR ERF—AMINEYE (4Efdim) 1 &

matrix(data = NA, nrow = 1, ncol = 1, TCode

byrow = FALSE, dimnames = NULL) | Code

il 4n
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2. DATA WITH R

TExample

> matrix(data=5, nr=2, nc=2) > x <- 1:6

[,1]1 [,2] > x
[1,1 5 5 [1]1 123456
[2,]1 5 5 > dim(x)
> matrix(1:6, 2, 3) NULL

[,11 [,21 [,3] > dim(x) <- c(2, 3)
[1,] 1 3 5 > x
[2,] 2 4 6 [,11 [,2]1 [,3]
> matrix(1:6, 2, 3, byrow=TRUE) [1,] 1 3 5

[,11 [,21 [,3] [2,] 2 4 6
[1,1 1 2 3
[2,] 4 5 6

| | LExample

> data.fame RITHERATEEFE B — N BABAE R DLt ki $read.table A4
;X B AT DU 6 $idata. frame SREUEE. B HE b (¥ 1) & 00 Z50F AR R
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2. DATA WITH R

BE, R A e, e R BRI (MR RES TR
HAR):

‘ ‘ TExample
> x <= 1:2; n <= 10; M <- c(10, 35); y <~ 2:4
> data.frame(x, n)

XxXn

110

2 10

data.frame (A=x, B=M)

A B

1110

2 235

> data.frame(x, y)

v N =

Error in data.frame(x, y)

arguments imply differing number of rows: 2, 3

| Example
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2. DATA WITH R

> array $IE (array) 2 MR 2 GEHE

array(data = NA, dim = length(data), dimnames = NULL) [[Code

as.array(x)

is.array(x)

| Code

il 4n

> x<-array(1:2,dim=c(2,2,2))
> x
s 5 1
[,11 [,2]
[1,] 1 1
[2,] 2 2
s s 2
[,11 [,2]
[1,] 1 1

TExample

> x[1,,]

[,11 [,2]
[1,] 1 1
[2,] 1 1
> x[,2,]

[,11 [,2]
[1,] 1 1
[2,] 2 2
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2. DATA WITH R

[2,] 2 2

| LExample
> list FUF AT LA list A G, 7k 5 eV EERIESR L. ExX HPhaE Xt
ZBRAH AW Fdata.frame() LR, SR EBA A BN R EHR; FHRTTHK
Ia] xRy 25451
‘ ‘ TExample
> L2<-list(A=x,B=as.character(y)) > names (L2)
> L2 [1] "aA" vB"
$A
[1] 1 2 > L2$A
[1] 1 2
$B
[1] n2v ngn wgn

| LExample
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2. DATA WITH R

> expression Fik I (Expression)Z& & (¥ Xf R ERH 5 & 1R Al (1) H AL,
RREEB MR FFH. IARSNGSHEREN. — Mo EENE
HHING, BRHRRME, WREERONSHEPAT. ERZHERT, WiE—A
Y RAERIRIERRIRA AR X2 K $lexpresssion B, 4R 7] LARE
J& Feval ()W QR 2R E kAT R 1E.

TExample
>x <= 3; y<-2.5; z<-1

> expl <- expression(x / (y + exp(z)))

> expl

expression(x/(y + exp(z)))

> eval(expl)

[1] 0.5749019

|Example

\ |
FiE A AT LUFEH e 7 IR B R PR I AR (LG, FRETT U 7478
RO, —LRIARIA S H, HIAT PR B ED ().
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2. DATA WITH R

> D(expl, "x")

1/(y + exp(z))

> D(expl, "y")

-x/(y + exp(2))~2

> D(expl, "z")

-x * exp(z)/(y + exp(z))~2

| LExample
> ts BREtsTT DA H ) B (— o i A) P 41 B AR I (22 o I T 51 ) ) s — A
I 1A PR32 AN 4, I HA — SR WP SRR IR T (G A SR 1H ) -
ts(data = NA, start = 1, end = numeric(0), frequency = 1, TCode
deltat = 1, ts.eps = getOption("ts.eps"), class, names) 1Code

try 7ts for details.
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2. DATA WITH R

2.5.2 Operators

R FHREZHEFEH “<-7, “<<=” 1 “=” | Fln{E (value) FIX 5 x: [EHREE AR
7]
TCode

x <- value

x <<- value

value -> x

value ->> x

x = value | Code

R B EA T

BHFF
s HBHE A BRI

+ g < NF 'x pUE i
- WiE > XF x&y wiEh
* ik <= T x&&y [7l

/ ik >=  KF xly PR
- Frmy = T x|y [Al L
%% i 1= RE%ETF xor(zx, y) HIR
%/% B
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2. DATA WITH R

BB EFMEBREEFERTHANTE L +y, a < b); HFEBEBHEFAR
RAERATFHRENSEHNAZE, ol DERAEEHRNALE b 75—,
WA B R O SE R, MBS F AR ] LUE A TR 2R 4R RIR
B —ANE LA B R AR B
BHMZHEMAEH T A €1 BEF)RHNBEIN G (HEBHER),
I HIRE—/ANEJA)ZEETE. BHEA BB M BRE” HFER
B “&” N7 AEREN S TGN R BIE BIREIA LB IR BAR S
KRR “&&”7 F “11”7 RIEATEXNZRIE —NTE L.
R HEEEEE D -7 Fl “<-,-,=,<<=" HINA B, THAESHH 2
MWZEEA. Bl [R Language

Definition]

2°2°3=28#£43; 1-1-1=—-1+#1 Code

B
1 Code

HeBE AR FITE A LN R A TR L (W R FEE, B IREE B
FRARR), NRE—NEERNRIRS. AT “Hk” RN, 7L
A RE: identicalflall.equal

TExample
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2. DATA WITH R

>x <= 1:3; y <= 1:3 > x=1:2;y=1:3

>x ==y > x==y

[1] TRUE TRUE TRUE [1] TRUE TRUE FALSE

> identical(x, y) Warning message:

[1] TRUE In x ==y : longer object length is not
> all.equal(x, y) a multiple of shorter object length

[1] TRUE

| | LExample

identical tb 8 $U 48 (M W AE G R, W IR X 42 ™ 4% A IR 1 & M TRUE, &%
MR HFALSE. all.equal/l SR BB AN %2 E “IEBAMEE” | RHE LR
ATRUES#E W —#H ZRORR. J§— RS LB EE R T RN %8 T
HFRPIEERL. ETHEN P EUE R B L R 2 A A

TExample

>0.9 ==(1-0.1) > 0.9 == (1.1 - 0.2)
[1] TRUE [1] FALSE
> identical(0.9, 1 - 0.1) > identical(0.9, 1.1 - 0.2)
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2. DATA WITH R

[1] TRUE [1] FALSE
> all.equal(0.9, 1 - 0.1) > all.equal(0.9, 1.1 - 0.2)
[1] TRUE [1] TRUE

> all.equal(0.9, 1.1 - 0.2, tolerance = le-16)
[1] "Mean relative difference: 1.233581e-16"

| | LExample

X FAFRUS BB HH LA B G substr() Mpaste() 5. #l40

‘ ‘ TExample
> colors <- c("red", "yellow", "blue")

> more.colors <- c(colors, "green", "magenta", "cyan")

> substr(colors, 1, 2)

[1] "re" "ye" "bl"

> paste(colors, "flowers")

[1] "red flowers" "yellow flowers" "blue flowers"
> paste("several ", colors, "s", sep="")
[1] "several reds" "several yellows" "several blues"
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2. DATA WITH R

> paste("I like", colors, collapse = ", ")
[1] "I like red, I like yellow, I like blue"

| | LExample
2.5.3 Accessing the values of an object: the indexing
system

TRAGWLABRE . RiEHA G — MR HTE; T
RHEB SRS ERK. 2R, X &
[ ! TExample
> x <- 1:5 > x[c(1,3)] > x[-2]

> x[3] [11 1 3 [11 1345

[1] 3 > x[x>2] > x[-c(1,3)]

> x[c(F,T)] [1]1 345 [1] 3 5

[1]1 2 4 > x[3] <- 20

| Example
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2. DATA WITH R

AR R U W B TR, D B . Bl

TExample

> x

[1] 1 2

> x[0.5]
numeric(0)
> x[1.5]
[11 1

| LExample

XTHERE

TExample

> x <- matrix(1:6, 2, 3) > x[, 2:3]
> x > x
[,11 [,2]1 [,3] > x[,2:3]
[1,] 1 3 5 [,11 [,2]
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2. DATA WITH R

[2,1] 2 4 6 [1,] 3 5

> x[, 3] <- 21:22 [2,] 4 6

> x > x[, 3, drop = FALSE]
[,11 [,2]1 [,3] [,1]

[1,] 1 3 21 [1,] 21

[2,1] 2 4 22 [2,] 22

> x[, 3] > x[-1,]

[1] 21 22 [1] 2 4 22

AR R G AR RE A AR SR A, A5 R AN S BRI 22 0 A (1,
—ANZHERA: i, §, k], x[, , 3], x[, , 3, drop = FALSE], &%), i8ET#
WAUE TR, RSS-S0 A ke e B S 5.

SFFFIR, ViR 762 AT ORGSR (K5 46 5ok 5B, el
HIX S BEANESIR Bl —ANFIR, TOWE S KRG R 0%, fER 21
SER AT DM TR, St RiE R R, SMESHR P E BN, Fl, —
ANFIRAF P HEIANKTZ AR, B EE AT LA my.list[[3]][{] k719, W
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2. DATA WITH R

R A=A A F my Tist [3]][1, j, KJ4F4F; 53— DX Rmy.list[1:2]K
RE =R, QOERBFIRK LN TR, Mimy.list[[1:2]] N ada i
HERER.

2.5.4 Accessing the values of an object with names
XS TC AR AT DGR 42 Uy 1) A X je) &

> x<-1:3 > x
> names (x) abc
NULL 123
> names(x)<-c("a","b","c") > x["b"]
b
2

X FHEREFEARAE, colnamesFlrownamess Al & FIFATHIAREE. EATH LA
T & BBk ), B3 dimnamesii [F] 61, & P AN 44 FR 7] B (R 5125
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2. DATA WITH R

> x<-matrix(1:4,2)
> x

[,11 [,2]
[1,] 1 3
[2,] 2 4
> dimnames (x)
NULL

> rownames (x)<-c("ri","r2")

> colnames(x)<-c("c1","c2")

> x

cl c2
ri 1 3
r2 2 4

> dimnames(x)<-1list(c("R1","R2"),c("C1","C2"))

> x

C1 C2
R1 1 3
R2 2 4

> x["R2",]
[1] 2 4

Xt Flistxt 5, BA1] LUE F mylist$namefI & U5 i) H 4 Aname) 51K,

40
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2. DATA WITH R

TExample
> x<-matrix(1:4,2); y<-1:3; x<-list(A=x,B=y)
> x$B > x$A[1,2]
[1] 123 [1] 3
> x$B[2]
[1] 2
| | Example
2.5.5 Arithmetics and simple functions
] 5 R LAREAT B ARIZ SR A5
‘ ‘ TExample
> x <- 1:4 >y <-1:2
>y <- rep(1, 4) >z <-x+y
>z <-x+y > z
> z [1] 24 4 6
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2. DATA WITH R

[11 2345 >y <- 1:3
> a <- 10 >z <-x+y
>z <- a *Xx Warning message: In x + y : longer object length
>z is not a multiple of shorter object length
[1] 10 20 30 40 >z
[11 2465

| LExample

R FSRACBEBE B BN 2 T A e A IR B . B W LR B P
HIFEA 2 BB $ (log, exp, logl0, log2, sin, cos, tan, asin, acos, atan, abs,
sqrt, . . . ), BI R (gamma, digamma, beta, bessell, . . . ), FFAFES
PG E AN RS, TRPFIH T R

S =98

sum(x) XxH TR
prod(x) X T KE T
max (x) xFITE P EKE
min(x) x PRI B/ ME
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2. DATA WITH R

which.max (x) R [Elx i K TCE I T AR
which.min(x) RElxF /N TER T AR

range (x) He(min(x), max(x)EMHHERA
length(x) xH TR E

mean (x) xTICENIIE

median (x) xFICE I P ALEL

var(x) or PR RIREAT 22 ; MRz — MR
cov(x) B —ANEERRE, kS O =R

cor (x) R —AMREREECE — M EEHEN

AR R B M Cn SR — A m 45 R 2 1)
var(x, y) or My BV 7 25, U SR 5 R S AE U o H x

cov(x, y) B T 2
cor(x, y) My IR RE, QSR MR B H A
VAR REUERE
R R BOR BB S AR 4 R
round(x, n) FrxF e R P& A EI/NSUS G
rev(x) X 1 0 RS 7
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2. DATA WITH R

sort(x)

rank(x)
log(x, base)

scale(x)

pmin(x,y,...)

pmax(x,y,...)
cumsum (x)
cumprod (x)
cummin (x)
cummax (x)

match(x, y)

which(x == a)

BxP TR EAFHS BT
HeF AT A A S rev(sort (x))

IR [Elx 1 TT R RR

T base b R B FIX HUE

W R—ANERE, WO RRRAE L S ;
2 BT POk ) i F 3 s cale=FALSE,
R ATFrUEA N center=FALSE( SR 1{H
fEcenter=TRUE, scale=TRUE)

B By, RE—EE, BRI
JuERx[i], ylil,...f&/ME

[F] b, EEAE

BEl—AN R, BRI TTER M= (1] Bx 11 I

[ |, B

[, BUR/ME

Cill "= PN ;]

BEI—AM MK EARRW R, RrxhSyhioE
AR TR AEy AL B (RE R [EINA)

BREl—MLE A& CUURBHE SR A ER s
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2. DATA WITH R

choose(n, k)

na.omit (x)

na.fail(x)

unique(x)

table(x)

table(x, y)

subset(x, ...)

sample(x, size)

W, EEXANGRETHEIRHx(L] == a

TR AN FEAS S B A 4 5K

RIS R RAE (NA) BB (o SR S R B AR
HEE I 2 W A S FAT)

W 2D —ANANR Bl — MR TE R

R xR — A EECEBERAE, W E—AN B
WMEAARERFTEEENTE N TEEN TR
HE—)

IR [E—AN g, g Hx P EE TR MR OLH
S PR e AT E)

x5y HIFIBE

IR [Elx B — AN R R E . TR, SRR
RBATHEIZE: x$V1 < 10; WRREIRME,
Hliiselect?h HERE WA E (BEHMAT
FKnERE)

MxP R E i size MEA, #Eireplace = TRUE
FRoRF B! A
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2. DATA WITH R

2.5.6 Matrix Computation
TEFEREBHE S, H T LA B H (R 5):

[ |
%xt% JEFEMIR t(A) SEFEEE  eigen(A) JEFEAMMFALME (HE)

solve (A) HEPESRIE (solve (A,b) I TR M FE 4 AX=Db)

| |

Bitn
[ |
> A<-matrix(1:4,2,2) > eigen(A)
> B<-diag(2) $values
>A%*%B [1] 5.3722813 -0.3722813
[,11 [,2]
[1,] 1 3 $vectors
[2,] 2 4 [,1] [,2]
> solve(A) [1,] -0.5657675 -0.9093767
[,11 [,2] [2,] -0.8245648 0.4159736
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2. DATA WITH R

[1,] -2 1.5
[2,] 1 -0.5
> dim(A)
[1]1 2 2

| | LExample

TEPAT TE U6 (A) %+ %BHIIE SN 58 RO 9 75 2 ] B Blcrossprod(A,B) - [bl4?]
At 1) 6 B 32 5 R B0 ¥ %x % Kroneckerd€ #, cbind(), rbind(), dim(),
diag(), nrow(), ncol(), lower.tri(), upper.tri(), qr(), svd().... il

T Example
> A<-cbind(1:2,3:4) > A<-rbind(c(1,3),c(2,4))
> A > A
[,11 [,2] [,11 [,2]
[1,] 1 3 [1,] 1 3
[2,] 2 4 [2,1] 2 4

| LExample
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2. DATA WITH R

i $flower.triflupper.tri KV FAEFER T = MR UK L= Mon R, pl

> A

[,11 [,2]1 [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9
> B<-A
> B[lower.tri(A,diag=T)]1<-0
> B

[,11 [,2] [,3]
[1,] 0 4 7
[2,] 0 0 8
[3,] 0 0 0

> lower.tri(A,diag=T)
[,11 [,21 I[,3]
[1,] TRUE FALSE FALSE
[2,] TRUE TRUE FALSE
[3,] TRUE TRUE TRUE
> B[lower.tri(A)]<-0
> B
[,11 [,2] [,3]
[1,] 0 4 7
[2,] 0 0 8
[3,] 0 0 0
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2. DATA WITH R

WA E: A=UDVT, B sERRUAT R IEALHRE, D3t ke HD2 )
XA TCHFERE AT ARFHMER. R A B8 $lsvd O BEAT A RE M

‘ ‘ TExample
> svd(A)->A.svd

> A.svd

$d

[1] 1.684810e+01 1.068370e+00 3.069525e-16

$u

[,1] [,2] [,3]
[1,] -0.4796712 0.77669099 0.4082483
[2,] -0.5723678 0.07568647 -0.8164966
[3,] -0.6650644 -0.62531805 0.4082483

$v
[,1] [,2] [,3]
[1,] -0.2148372 -0.8872307 -0.4082483
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2. DATA WITH R

[2,] -0.5205874 -0.2496440 0.8164966
[3,] -0.8263375 0.3879428 -0.4082483

> A.svd$u¥%xY%diag(A.svd$d) %+t (A.svd$v)
[,11 [,2]1 [,3]

[1,] 1 4 7

[2,] 2 5 8

[3,1] 3 6 9

| Example

|
FH AT 7 1E 20 AR B PR TR, R MR Ak W3 B A, AR 2R B AT R
A-1=vD-1yT,
Choleski rfift: #/7BEA > 0, WAL E=MAMU MHHA=UTU. R
A5 A ki $chol () %177 B AfE Choleskis)fig:

‘ ‘ TExample
> A > chol(A)

[,11 [,2]1 [,3] (,11 [,21 [,3]
[1,] 1 2 3 [1,] 1 2 3
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2. DATA WITH R

[2,] 2 5 6 [2,] 0 1 0
[3,] 3 6 10 [3,1 0 0

| | 1Example
H T Choleskisy fi# J&, AT LAR J7 8 (97 8 1E & BEAR . A—L =
U U—YHT, X E M HGauss ik HA T ERENZ.
Al DL F et R AR AR
QRAMAE: A= QR, HPQAN—IEXFE, RA— =AM, filn

‘ ‘ TExample
> qr.A<—qr(4)
> qr.A
$qr
[,1] [,2] [,3]
[1,] -3.7416574 -8.0178373 -12.0267559
[2,] 0.5345225 -0.8451543 0.5070926
[3,] 0.8017837 -0.4001484 0.3162278
$rank
[11 3
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2. DATA WITH R

$qraux

[1] 1.2672612 1.9164504 0.3162278
$pivot

[1] 1 2 3

attr(,"class")

[1] "qr"

| | LExample

Sk —ANqr3E. A ESar.Q() Mar.R() M tqrE B RIERFQMR:

[ |
> Q<-qr.Q(qr.A)
> R<-qgr.R(qr.A)
> QU*%R
[,11 [,2]1 [,3]
[1,] 1 2 3
[2,] 2 5 6
[3,] 3 6 10

TExample
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2. DATA WITH R

FEFEII RS B Bkappa() T BARISR VS R AR 45 148

> kappa(A)
[1] 213.1021

SR B Blouter )FE TR M B R AN IR B .

[
> x<-1:5
> outer(x,x,"*")

[,11 [,2]1 [,3] [,4] [,5]
[1,] 1 2 3 4 5
[2,] 2 4 6 8 10
[3,] 3 6 9 12 15
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2. DATA WITH R

[4,] 4 8 12 16 20
[5,1] 5 10 15 20 25

| LExample
TEX 4R MEEATAT BE 5 AR, B apply VR RE M. vk E X4
e A¥Z 5T H I ME:
‘ ‘ TExample
> apply(A,2,mean)
[1] 2.000000 4.333333 6.333333
| LExample
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