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1 Language fundamentals

Elementary commands

ls() # Lists all objects.
ls.str() # Lists details of all objects
str(myobject) # Lists details of ¡myobject¿.
list.files() # Lists all files in the current directory.
dir() Lists all files in the current directory.
myobject # Prints simply the object.
rm(myobject) # removes the object ¡myobject¿.
rm(list=ls()) # removes all the objects in the working space.
save(myobject,file=”myobject.rda”)
# saves the object ¡myobject¿ in a file <myobject.rda>.
load(”mywork.rda”) # loads ”mywork.rda” into memory.
summary(mydata) # Prints the simple statistics for <mydata>.
hist(x,freq=TRUE) # Prints a histogram of the object <x>.
# <freq=TRUE> yields frequency and
# <freq=FALSE> yields probabilities .
q() # Quits R.

The output of a command can be directed in an object by using < < − > , an object is then
assigned a value. The first line in the following code chunk creates vector named < V V > with a
values 1,2 and 3. The second line creates an object named < V V > and prints the contents of the
object < V V > . V V < −c(1, 2, 3) (V V < −1 : 2)

1.1 vector, matrix, and manupulations

> f1 <- c(7.5,6,5)

> f1

[1] 7.5 6.5

> t(f1)
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[,1] [,2]

[1,] 7.5 6.5

> f2 = 1:5

> f2

[1] 1 2 3 4 5 f2[c(3,4)]

> f2[c(3,4)]

[1] 3 4

> f2[-3]

[1] 1 2 4 5

> A=matrix(1:12,ncol=3)

> B=matrix(1:12,ncol=3,byrow=TRUE)

> A

[,1] [,2] [,3]

[1,] 1 5 9

[2,] 2 6 10

[3,] 3 7 11

[4,] 4 8 12

> B

[,1] [,2] [,3]

[1,] 1 2 3

[2,] 4 5 6

[3,] 7 8 9

[4,] 10 11 12

> B[1:2,2:3]

[,1] [,2]

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

> C=A %*% t(B)

> C

[,1] [,2] [,3] [,4]

[1,] 38 83 128 173

[2,] 44 98 152 206

[3,] 50 113 76 239
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[4,] 56 128 200 272

A*B

[,1] [,2] [,3]

[1,] 1 10 27

[2,] 8 30 60

[3,] 21 56 99

[4,] 40 88 144

> A[A>6]

[1] 7 8 9 10 11 12

> Aˆ2

[,1] [,2] [,3]

[1,] 1 25 81

[2,] 4 36 100

[3,] 9 49 121

[4,] 16 64 144

> round(3.2)

[1] 3

A[2*round(A/2)==A]

[1] 2 4 6 8 10 12

> D = (A*A)[1:3,]

> D

[,1] [,2] [,3]

[1,] 1 25 81 [2,] 4 36 100 [3,] 9 49 121

> solve(D)

solve(D)

[,1] [,2] [,3]

[1,] 1.0625 -1.84375 0.8125

[2,] -0.8125 1.18750 -0.4375

[3,] 0.2500 -0.34375 0.1250
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> D %*% solve(D)

[,1] [,2] [,3]

[1,] 1.000000e+00 8.881784e-16 3.885781e-16

[2,] -4.440892e-16 1.000000e+00 -2.220446e-16

[3,] -1.110223e-16 4.440892e-15 1.000000e+00

> X0=matrix(rnorm(300),ncol=3)

> X0[1:10,1:3]

> X[1:10,1:3]

[,1] [,2] [,3]

[1,] -0.4902088 0.1832561 0.6332573

[2,] 1.3560325 -0.0926615 -0.8946232

[3,] -0.5155720 -0.1521368 -0.4719691

[4,] -1.5855754 1.0109394 -1.1772363

[5,] 0.6012783 -1.0358522 -0.6055515

[6,] -0.4393713 1.4475326 -0.8644015

[7,] -1.5715612 -1.0192620 -1.0258046

[8,] -0.8501274 -1.5664882 -1.3506368

[9,] -0.9879753 -0.7191517 0.5440574

[10,] 0.2217093 0.1398276 -0.4755406

> X=cbind(1,X0)

> X

X[1:10,1:4]

[,1] [,2] [,3] [,4]

[1,] 1 -0.4902088 0.1832561 0.6332573

[2,] 1 1.3560325 -0.0926615 -0.8946232

[3,] 1 -0.5155720 -0.1521368 -0.4719691

[4,] 1 -1.5855754 1.0109394 -1.1772363

[5,] 1 0.6012783 -1.0358522 -0.6055515

[6,] 1 -0.4393713 1.4475326 -0.8644015

[7,] 1 -1.5715612 -1.0192620 -1.0258046

[8,] 1 -0.8501274 -1.5664882 -1.3506368

[9,] 1 -0.9879753 -0.7191517 0.5440574

[10,] 1 0.2217093 0.1398276 -0.4755406
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> beta=c(2,0.1,-2,10)

> y = X%*% beta + 0.1 *rnorm(100)

> b= solve(t(X) %*% X) %*% t(X) %*% y

> b

[,1]

[1,] 1.9995154 [2,] 0.1167715 [3,] -1.9823865 [4,] 10.0072089

1.2 Reading Data and Data structure

• dat ¡- read.table(file = FILE, header = TRUE)

• \textit{scan}

cat("TITLE extra line", "2 3 5 7", "11 13 17", file="ex.data",

sep="\n")\\

pp <- scan("ex.data", skip = 1, quiet= TRUE) \\

scan("ex.data", skip = 1)

1.3 Reading and writing data in other formats

The library foreign reads data in various standard packages data formats. Examples are SAS, SPSS,
STATA, etc. The commands are read.ssd() , read.spss(), read.systat(), write.dta(). The command
str displays the structure of an arbitray R object.

> FILE <- "http://people.su.se/˜ma/R_intro/data/lnu91.txt"

> lnu <- read.table(file = FILE, header = TRUE)

> str(lnu)

’data.frame’: 2249 obs. of 6 variables: $ wage : int 81 77 63 84 110

151 59 109 159 71 ... $ school : int 15 12 10 15 16 18 11 12 10 11

... $ expr : int 17 10 18 16 13 15 19 20 21 20 ... $ public : int 0

1 0 1 0 0 1 0 0 0 ... $ female : int 1 1 1 1 0 0 1 0 1 0 ... $

industry: int 63 93 71 34 83 38 82 50 71 37 ...

> lnu$logwage <- log(lnu$wage)

# Read a <subset> of variables (wage,female) in lnu. lnu.female <-

subset(lnu, select=c(wage,female))
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Content of data.txt

UNIT Y X1 X2

A 1 0.23815 0.4373

A 2 0.55508 0.47938

A 3 3.03399 -2.17571

A 4 -1.49488 1.66929

B 10 -1.74019 0.35368

B 9 1.40533 -1.2612

B 8 0.15628 -0.27751

B 7 -0.93869 -0.0441

B 6 -3.06566 0.14486

> df=read.table("data.txt",header=TRUE)

> df

UNIT Y X1 X2

1 A 1 0.23815 0.43730 2

2 A 2 0.55508 0.47938 3

3 A 3 3.03399 -2.17571 4

4 A 4 -1.49488 1.66929 5

5 B 10 -1.74019 0.35368 6

6 B 9 1.40533 -1.26120 7

7 B 8 0.15628 -0.27751 8

8 B 7 -0.93869 -0.04410 9

9 B 6 -3.06566 0.14486 1

> df$Y

[1] 1 2 3 4 10 9 8 7 6

> mode(df$Y)

[1] "numeric"

> df[,2]

[1] 1 2 3 4 10 9 8 7 6

> lmout=lm(Y ˜ X1 + X2, data=df)

> names(lmout)

[1] "coefficients" "residuals" "effects" "rank" [5] "fitted.values"
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"assign" "qr" "df.residual" [9] "xlevels" "call" "terms" "model"

> print(lmout)

Call: lm(formula = Y ˜ X1 + X2, data = df)

Coefficients: (Intercept) X1 X2 5.084 -1.485 -2.221

> summary(lmout)

Call: lm(formula = Y ˜ X1 + X2, data = df) Residuals: Min 1Q Median

3Q Max -3.3149 -2.4101 0.4034 2.5319 3.2022 Coefficients: Estimate

Std. Error t value Pr(>|t|) (Intercept) 5.0839 1.0194 4.987 0.00248

** X1 -1.4851 0.8328 -1.783 0.12481 X2 -2.2209 1.3820 -1.607 0.15919

---

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 2.96 on 6 degrees of freedom

Multiple R-Squared: 0.3607, Adjusted R-squared: 0.1476

F-statistic: 1.693 on 2 and 6 DF, p-value: 0.2612

> ls()

[1] "df" "lmout" This doesnt tell us too much about the objects.

> str(df)

‘data.frame’: 9 obs. of 4 variables:

$ UNIT: Factor w/ 2 levels "A","B": 1 1 1 1 2 2 2 2 2

$ Y : int 1 2 3 4 10 9 8 7 6

$ X1 : num 0.238 0.555 3.034 -1.495 -1.740 ...

$ X2 : num 0.437 0.479 -2.176 1.669 0.354 ...

> df$X1

[1] 0.23815 0.55508 3.03399 -1.49488 -1.74019 1.40533 0.15628 -

0.93869 -3.06566

> length(df$X1)

[1] 9

> is.vector(df$X1)

[1] TRUE
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ldata=list(A=dfmat[dfmat[,1]=="A",2:4],B=dfmat[dfmat[,1]=="B",2:4])

> ldata

$A Y X1 X2

1 " 1" " 0.23815" " 0.43730"

2 " 2" " 0.55508" " 0.47938"

3 " 3" " 3.03399" "-2.17571"

4 " 4" "-1.49488" " 1.66929"

$B Y X1 X2

5 "10" "-1.74019" " 0.35368"

6 " 9" " 1.40533" "-1.26120"

7 " 8" " 0.15628" "-0.27751"

8 " 7" "-0.93869" "-0.04410"

9 " 6" "-3.06566" "0.14486"

> ldata[1]

Y X1 X2

1 " 1" " 0.23815" " 0.43730"

2 " 2" " 0.55508" " 0.47938"

3 " 3" " 3.03399" "-2.17571"

4 " 4" "-1.49488" " 1.66929"

> lmout=NULL

> for (i in 1:2) {

+ lmout[[i]]=lm(Y ˜ X1+X2,data=ldatadf[[i]]) + print(lmout[[i]]) + }

Call: lm(formula = Y ˜ X1 + X2, data = ldatadf[[i]])

Coefficients:

(Intercept) X1 X2 4.494 -2.860 -3.180

Call:

lm(formula= Y ˜ X1 + X2, data = ldatadf[[i]])

Coefficients: (Intercept) X1 X2

9.309 1.051 1.981
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1.4 Programming in R

Task 1: Sum 12 + 22 + · · ·+ 5002

Solution 1:

> sum=0

> for (i in 1:500)

+ {

+ sum=sum+i*i

+ }

> sum;

[1] 41791750

Solution 2:

> sum((1:500)ˆ2)

[1] 41791750

Task 2: Generate a random 10 matrix A, find the column sum.
Solution

> A = matrix(rnorm(8*10),ncol=8)

> apply(A,2,sum)

[1] -0.4679369 6.0971916 -3.0929920 -2.1007340 0.8761865 -1.8058064 -1.9942297 0.9343830

Task 3: Write a R program to visualize the working process of central limit theorem.

# Central Limit theorem

# Written for Advanced Statistics, Econ. NTU

# Jin-Lung Lin, April 2007

set.seed(12345678); nobs=500; nrep=500; n0=10; p=.25; muS=n0*p;

lambda0=1.5; muEx=lambda0; stdEx=lambda0; muU=0.5;
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stdS=sqrt(n0*p*(1-p)); stdU=sqrt(1.0/12.0); #rS=numeric(nrep);

rU=numeric(nrep); rEx=numeric(nrep); rU1=numeric(nrep);

rU2=numeric(nrep); rU3=numeric(nrep);

MU3=numeric(1000); MU6=numeric(1000); MU20=numeric(1000);

# static comparison

for (irep in 1:1000)

{ U3=rexp(3,rate=1/lambda0);

U6=rexp(6,rate=1/lambda0)

U20=rexp(20,rate=1/lambda0)

MU3[irep]=sqrt(3)*(mean(U3)-muEx)/stdEx;

MU6[irep]=sqrt(6)*(mean(U6)-muEx)/stdEx;

MU20[irep]=sqrt(20)*(mean(U20)-muEx)/stdEx;

}

op=par(mfrow=c(3,1))

hist(MU3,prob=TRUE)

curve(dnorm(x),-5,5,col=2,add=T)

hist(MU6,prob=TRUE)

curve(dnorm(x),-5,5,col=2,add=T)

hist(MU20,prob=TRUE)

curve(dnorm(x),-5,5,col=2,add=T)

par(op)

for (iobs in 10:nobs) {

for ( irep in 1:nrep)

{

# S=rbinom(iobs,n0,p);

Ex=rexp(iobs,rate=1/lambda0)

U=runif(iobs);

# rS[irep]=sqrt(iobs)*(mean(S)-muS)/sqrt(var(S));

# rU[irep]=sqrt(iobs)*(mean(U)-muU)/sqrt(var(U));
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rEx[irep]=sqrt(iobs)*(mean(Ex)-muEx)/stdEx;

rU[irep]=sqrt(iobs)*(mean(U)-muU)/stdU;

}

op=par(mfcol=c(2,2))

plot(rEx);

hist(rEx,ylim=c(0,1),prob=T,col="magenta");

curve(dnorm(x),-5,5,add=TRUE);

mtext(paste("# of observations=",iobs),side=3);

plot(rU);

hist(rU,ylim=c(0,1),xlim=c(-5,5),breaks=15,prob=T,col="magenta");

curve(dnorm(x),-5,5,add=TRUE);

mtext(paste("# of observations=",iobs),side=3);

par(op)

}

for (iobs in 20:nobs) {

for ( irep in 1:nrep)

{

U=runif(iobs);

rU[irep]=sqrt(iobs)*(mean(U)-muU)/sqrt(var(U));

rU1[irep]=mean(U);

rU2[irep]=iobs*(mean(U)-muS);

rU3[irep]=sqrt(iobs)*mean(U)/sqrt(var(U));

}

op=par(mfcol=c(2,2))

hist(rU,ylim=c(0,1),xlim=c(-5,5),breaks=15,prob=T,col="magenta");

mtext(paste("Mean of", "# of observations=",iobs),side=3);

hist(rU1,ylim=c(0,1),xlim=c(-5,5),breaks=15,prob=T,col="magenta");

mtext(paste("mean(X)", "# of observations=",iobs),side=3);

hist(rU2,breaks=15,prob=T,col="magenta");

mtext(paste("T * (mean(U)-mu)", "# of observations=",iobs),side=3);

hist(rU3,breaks=15,prob=T,col="magenta");

mtext(paste("T * (mean(U))", "# of observations=",iobs),side=3);

par(op)

}
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for ( i in 10:nobs)

{ x=rnorm(i);

hist(x,ylim=c(0,1),xlim=c(-5,5),prob=T);

curve(dnorm(x),-5,5,add=TRUE);

mtext(paste("# of observations=",i),side=3);

}
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