RIBE SEM%ZITFQR)

MEMSEITES ST TE S
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» EEE1RIE

» m=. FEfE. data.frame. list
» FERERIIZER

B

» REE

-~
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%% (set) ﬁ"@ﬁz ﬁ\ H. =

X <-0:100
y <-seq(0, 100, by=10)

intersect(x, y); intersect(y, X) # 3: XNy
union(x, y); union(y, X) # ¥: x Uy
setdiff(x, y); setdiff(y, x) # EZ: x\y

allly %in% x); X %in% y # %in% means “belong to”
is.element(x, y); is.element(y, x)

y <- sample(y) # permutation

mymat <- match(y, x) # return the indices for each y in x
X[mymat]

subset(x, x<50) # F£&

which(x<50)
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match () e Z8Y  A

fEmicroarrayfy#IEH, T chipiR[EIRAYEEBY

F AR, FEfEXLE: = *E’Ji‘iﬂiy&} Bzﬂﬁﬁ
SRIRRHBES, BR— N eResiReE

BlanfEchip1 =, EEMImFLZ1,5,2,3,4), 1'3 =

Hfttchipd, EEBINFRIGENX A A—F, XEMEIE

1]Ttﬁﬁ%match()|1|’£& 1t T B E EER IR BB A
TAEH(1,2,3,4,5)HE5

indices <- ¢(1,2,3,4,5)

mymatch <- match(indices, chip1$gene)

chipl <- chipl[mymatch,]

&
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o) &

# vector: c(), seq(), rep()
# inner product

X <-1:5y<-2:6

t(x) %*% y

sum( x *vy)

# outer operation

outer(x, y, “+7); outer(x, y, ‘*’)
# outer product

Z <- X %*% t(y)

z[4, 6] == x[4] * y[6]
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=) &R NFR S IR

## inner product, resulting in a scalar
## since vector is column vector

X <-1:10;y <=-11:20

(xy.inner <- t(x) %*% vy)

## outer product, resulting in a matrix
## the result is a 5by3 matrix

X <-15vy<-1:33

xy.outer <- x %*% t(y)
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o) & 3R JE R M

## TEZM, BE. E

X <= rnorm(100)

one <- rep(1, length(X))

X.sum <- t(one) %*% X

sum(X)

X.mean <- t(one) %*% X/length(X)
mean(X)

X.var <- t(X-X.mean) %*% (X-X.mean) / (length(X)-1)
var(X)

X - X.mean

## OEHT—LATE

scale(X, center=T, scale=T)
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%6 P& (matrix)
M IEHE(data.frame)

BT RN AR —H, B ARIEAE

(numeric) RmMXn

IR &

> i&:r@ﬂ’ﬁ%ﬂu%%’vﬂl, BHIan A AE & HE e EY,

'X\E\

» FEREFOEL

)

EER A LIRS 1L, XNAIRERE 5T

FlF9data.frame()Flas.matrix()

BI217: Introductor y Biostatistics



#B %

## construction of a matrix, matrix() function
X <- matrix(1:20, nr=4, nc=5, byrow=F)

X <-1:5

y <-5:1

A <- cbind(x, y) # column binding

B <- rbind(x, y) # row binding

## an element of a matrix

X[4,3]

## subset of a matrix

X[1:3,] # return the rows 1-3

X[-4, c(3,2,4,5)] # return the columns 3, 2, 4, 5 except the 4t row
X[, sample(1:5)] #permute the columns
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AR H

X <- matrix(1:25, 5, 5)

y <- matrix(1:25, 5, 5)

X +Y; X-y

yt <- t(y) # transposition

X *y # element-wise multiplication
Z <- X %%y # matrix multiplication
Z

z[3,5] == sum(x[3,] * y[,5])

all(z[,5] == x %*% y[,5])

BI217: Introductory Biostatistics



B RYIRIE

»  ## FEFFA. BRI, AEMKERANSIH LM SBRITHEFR
»  ## C=AB, MCHIC[i,j] = sum(ali,]*b[,j])

y  ## WERENC[i j]2EEali,]5b[,j]i =R

» A <- matrix(1:16, 4, 4)

» B <-matrix(1:20, 4, 5)

» C<-A%%B

» M <- matrix(NA, 4, 5)

»  for (iin 1:4) for (j in 1:5) M[i,j] <- sum(A[i,]*B[,j])

» allM==C)

y  ## Z—MEZENZCj]RARSIEEa KM% HEE

» o ## ENERBAbIK], clLjl=sum(@l[,k]*blk,j])

» X <- matrix(0, 4, 5)

»  for(kin 1:5) for (min 1:4) X[,k] <- X[,k] + A[,m]*B[m,k]
» allX==C)

## e, FERECE R ARIErMNERECIKIEIFN, HAEmANFERECIK]
## HEARFI[EEFBRIITEIZAIIMI

D <- list()

for (r in 1:4) D[[r]] <- outer(A[,r], B[r,])

E <- matrix(0,4,5)

for (k in 1:4) E <- E + D[[k]]

all(E==0C)

v v v v v v v
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B 4 3fe i Y R R

X <- matrix(1:20, 4, 5)
rowMeans(x)

apply(x, 1, mean)
colMeans(x)

apply(x, 2, mean)

onel <-rep(1, dim(x)[1])
x.means <- t(onel) %*% x / dim(x)[1]
one2 <- rep(1, dim(x)[2])
as.vector(x %*% one2 / dim(x)[2])

x.diff <- x - onel %*% x.means

(x.scaled <- scale(x, center=T, scale=F))
x.cov <- t(x.diff) %*% x.diff / (dim(x)[1]-1)
cov(x)
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list

## listEBERRBENREILER, LTEHEZREIZERAR —MEIRHE
## list
x| <= list()
xI[[1]] <- ¢(1,3,5)
xI[[2]] <- "standard normal distribution"
xI[[T]1[2]
X
f <- function(x) {
mean <- mean(x);
sd <- sd(x);
return(listtm=mean, s=sd))
}
X <-rnorm(100)
xf <- f(x)
xf
xf$m; xf$s
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ok I

#4# if (...) { dosomething(); }

## else { doanotherthing(); }

## another kind of structure

c <-rnorm(100)

X <- ifelse(c>=0, 1, -1)

## while (condition) { dosomething }
for (i in 1:10) cat(i);

BI217: Introductory Biostatistics



FMAES

## PREBIE X
f <- function(x) {
return(xA2+2*x+1)

5

## Y R

X <-rnorm(1000)

y <- f(x)

plot(x, y, type="1")

cor(x, y) ## correlation coefficient
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apply(, sapply(), lapply()

## apply() used for one dimension of an array or data.frame
X <- matrix(1:20, 4, 5)

apply(x, 2, median)

apply(x, 1, sum)

## lapply() return a list

M <- listtm=3, n=c(TRUE, FALSE, TRUE), r=4:7)
lapply(M, quantile)

## sapply() used for each element of a vector
## the return result is a vector

X <- sapply(1:5, seq)

lapply(x, fivenum)
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tapply5aggregate

## tapply() will return a table

data(warpbreaks)

warpbreaks

tapply(warpbreaks$breaks, warpbreaks[,-1], sum)
aggregate(warpbreaks[,1], by=c(warpbreaks[,-1]), sum)

## it can be treated as the weighed version of table()

## LEANBNEL(Ed, FEZR(RME, fiE)FMERNXE
## 1= Mtapply0%it(+,+), (+,-), (=,+), (-,-)8FIHM/E
## Mtable) R gES X HZERI A
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& F 7K Jefactor

##t# R T IK

## gl(n,p,length)

#n - EFKEH

#p - El—/KEEE XL
# length - BREAR KN

gender <- rep(c(‘male’,'female’), each=38)

gender <- factor(gender)

## BRHI BB RENZ T

(gender <- gl(2,8,labels=c('male’,'female'))

(gender2 <- gl(2,1,length=16, labels=c('male’,'female’))) # balanced
(gender3 <- gl(2,2,length=16, labels=c(‘male’,'female'))) # balanced
(gender4 <- gl(2,3,length=16, labels=c(‘'male’,'female'))) # imbalanced
table(gender)

table(gender?2)

table(gender3)

table(gender4)
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FERIVIIRIL

X <- numeric()

x| <= list()

M <- matrix(NA,3, 4)

D <- data.frame(M)

rownames(D) <- paste("R", 1:3, sep="")
colnames(D) <- paste("C", 1:4, sep="")
class(x)

class(str)

typeof(x)

typeof(string)

mode(x)

mode(string)
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EE

» scan() R AT LUZEVE N a2

» read.table() R Z A] LUEEUATABIE A B BRfATHISR,
IEANNE R I— 1 data.frame

» read.csv() AT LUER A comma Al 7 EIFFRIER

» read.delim(OF ] LLUEEEE S FRFFRISR

» EXHAwrite.tableREBFTERGFEAN AR ;
» A LA A save.image()fsave) R #BIFTEFA
—i#HFEIsHF*.RData

* RDataX - a] LA load ()& EA

4
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scan()

X <- scan(*“number.txt”)
X
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read.table()

X <- read.table(“scores.txt”, header=T,
row.names=1)

x$math

names(x)

class(x)

attach(x) math  english physics
Reter 95 79 89

math Johm 45 99 58

X Elaine 78 60 88
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Flread.table()iElbirthweights.dat

Variable Abbreviation
Birth Weight in Grammes BWT

Low Birth Weight (0 = BWT> 2500g, 1 = BWT< 2500g) LOW

Age of Mother in Years AGE (A)
Weight in Pounds at Last Menstrual Period LWT

Race (1 = White, 2 = Black, 3 = Other) RACE (R)
Smoking Status during Pregnancy (0 = No, 1 = Yes) SMOKE (S)
History of Premature Labor (0 = None, 1 = One, etc.) PTL (P)
History of Hypertension (0 = No, 1 = Yes) HT (H)
Presence of Uterine Irritability (0 = No, 1 = Yes) UI (U)
Number of Physician Visits in First Trimester (0 = None, 1 = One, etc.) FTV (F)
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=R code

bwt <- read.table("birthweights.dat’,
header=T)

## BEARGT
summary(bwt)
str(bwt)
bwt$BWT
attach(bwt)
BWT
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AR E R 3

b -%FHEI’JQA"I_@G_%'I'ET
o hist): EHFE, BERDHIMELEZEE ‘
> barplot(): %ﬁl %%?%Aﬁﬂﬁiﬁimwﬁ
- boxplot(): E1KE, ERTZNMESHEIELE:
> plot(): ﬁéZIKI_IIII%'I&, M mESE T EF
o points(): ERZEERE, ES, TeEERMEH
o lines(): #rzkE, NRERIMEH
- segments(): =HlZkEr, NRERMER
o arrows(): aHlEISk, SISk RKNMNEFEIR
o rect(): zHIMBFRYeRE
> polygon(): 2zl 2518 FZHY R ]
- abline(): A#IE%
o axis(): el LR
o bOX(): 7'9 /4“7]!]5’|‘7H:
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‘EIERE (80)

o text(): £8 /:HE:I:*T/IJ\J]HI%
mtext(): T’EI:*T#J:/IJ\\han%IHEH
legend(): ARNERIEEH
identify(): AEIESRMERE
»%&Emm%ﬁuﬂ
- contour(): EUFSLE
- persp(): MARRIMIEALE
> image():

- curve(): ATLLARLHIIEEFTERIRIZE

(@)

(o)

O
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histogram

X <- rnorm(1000) Histogram of x
hx <- hist(x, nclass=120, freq=F)

names(hx)
hx$breaks
hx$mids
hx$counts
lines(density(x), Ity=2, col="blue’)

=
o

Density

™

i
=
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barplot

X <- matrix(c(1,9,2,8,4,6), 2, 3)
colnames(x) <- LETTERS[1:3]
par(mfrow=c(1,2))
barplot(x, beside=T,
col=c(“red”,”blue”))
barplot(x, beside=F) © -
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scatterplot

X <= 5*rnorm(1000)

y <-0.4*x + rnorm(1000)
plot(x, y, pch="+", cex=.6)
abline(c(0, .4))

BI217: Introductory Biostatistics




AAE: KB, ik, B

X <- seq(-5, 5, length=100T1)

y <- dnorm(x)

plot(x, y, type='n’)

lines(x,y,lty=3)

X0 <- qnorm(0.025)

x1 <- qnorm(0.975)
segments(x0,0,x0,dnorm(x0))
segments(x1,0,x1,dnorm(x1))
curve(dnorm, x0, x1, add=T, type="h", col='darkgray’)
abline(v=0, Ity=2, lwd=2, col="blue’)
text(-.20, .1, "95%Cl")

arrows(x0, dnorm(x0), x1, dnorm(x1), length=.1, code=3,

col="'darkgreen’)
symbols(x0, dnorm(x0), circles=0.2, add=T, inches=F)

mtext(expression(paste(mu==0, ", ", sigma==1)), 4)
title(expression(paste(X,"~", N(0,1))))
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boxplot

X <- matrix(rnorm(1000), 100, 10)
boxplot(x)

X <- matrix(runif(1000), 100, 10)
xbox <- boxplot(x)

names(xbox)

xmean <- apply(x, 2, mean)
xmed <- apply(x, 2, median)
library(e1071)

xskew <- apply(x, 2, skewness)
xskew > 0; xmean > xmed
points(1:10, xmean)

TT'I_T_'__I__'__I__I_T
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## axis()
## text()
## mtext()
## legend()
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R simulation

Xxmeans <- NULL
for (i in 1:1000) {
X <-rnorm(100, O, 4)
Xxmeans <- c(xmeans, mean(x))
}
Xxmeans
mean(xmeans)
var(xmeans)
sd(xmeans)

it N RIREE T AL

BI217: Introductory Biostatistics



	R语言与生物统计学(2)
	本节内容
	集合（set）操作：交、并、差
	match()函数的应用
	向量
	向量的内积与外积
	向量乘法的应用
	矩阵(matrix)�数据框(data.frame)
	矩阵
	矩阵的运算
	矩阵的乘法
	矩阵乘法的应用
	list
	控制结构
	函数型语言
	apply(), sapply(), lapply()
	tapply与aggregate
	因子水平factor
	变量的初始化
	读写文件
	scan()
	read.table()
	用read.table()读取birthweights.dat
	部分R code
	R绘图
	基本绘图函数
	绘图函数（续）
	histogram
	barplot
	scatterplot
	组合图：线段、箭头、图标
	幻灯片编号 32
	boxplot
	辅助图
	R simulation

