1.Evaluate the expression

> (10:15) – (5:6)

[1] 5 5 7 7 9 9

2.Suppose A is a matrix of the form:

> A <- matrix(c(1,4,7,2,5,8,3,6,9),3,3)

Compute A[,2:3].

> A[,2:3]

     [,1] [,2] 

[1,]    2    3

[2,]    5    6

[3,]    8    9

3. Let A be as in question 2. Compute dim(A). What is the value of sum(dim(A))?

> dim(A)

[1] 3 3

> sum(dim(A))

[1] 6

4. Evaluate the following logical expression:

> x <- 3

>(x < (y <- x^2)) & (y == 4)

[1] F

5. Consider the following assignment

> record<-list(name=“Billy”,age=24,no.siblings=2,age.siblings=c(20,14))

Compute record$age.siblings

> record$age.siblings

[1] 20 14

6. Evaluate the last expression.

> x <- c(7,9,5,2)

> y <- (1:length(x))

> y[x==max(x)]

[1] 2

7. Consider the following assignment.

> color1 <- c(“blue”,”red”,”green”,1)

[1] "blue"  "red"   "green" "1"

Is it a valid S-Plus assignment?

Yes, it is because S-Plus considers the last component being a character.

8. Let D be a data frame consisting of 2 variables, income and sex.

> income <- c(4,5,3,6)

> sex <- c(“m”,”f”,”m”,”f”)

> D <- data.frame(income=income,sex=sex)

> D

  income sex 

1      4   m

2      5   f

3      3   m

4      6   f

Write an S-plus expression to compute the difference of the mean income for the two sexes.

> Res <- lapply(split(D$income,D$sex),mean)

> $f:

[1] 5.5

$m:

[1] 3.5

> Res[[1]] – Res[[2]]

[1] 2

9. A square matrix, say A, is said to be lower triangular if A[i,j] equals zero for all j < i. Write an S-plus expression to check if a given square matrix is upper triangular.

> A 

   [,1] [,2] 

[1,]  1    2

[2,]  3    4

> all(A[row(A)<col(A)]==0)

[1] F

10. Let x be a numerical vector. Write an expression to count the number of negative numbers in x. (If x contains no negative numbers, your expression should evaluate to zero.)

> x <- c(0,0,-2,-1,5)

> sum(x < 0)

[1] 2

Unless stated otherwise, evaluate the last expressions in 11 to 16.

11. 

> a <- 4

> (a<5)||(0==(a<-a+1))

[1] T

12.

> A <- matrix(1:5,5,5)

> outer(1:5,1:5,"==")

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

[1,]    T    F    F    F    F

[2,]    F    T    F    F    F

[3,]    F    F    T    F    F

[4,]    F    F    F    T    F

[5,]    F    F    F    F    T

> A[outer(1:5,1:5,”==”)]

[1] 1 2 3 4 5

13.

> A <- list(a=c(1,5,7),b=c(2,4),c=c(5,6,9,10))

> sapply(A,max)

a b  c 

7 4 10

14.

> sex <- c(“m”,”f”,”f”,”m”,”m”)

> height <- c(67,65,69,64,66)

> D <- data.frame(sex=sex,height=height)

D

  sex height 

1   m     67

2   f     65

3   f     69

4   m     64

5   m     66

Evaluate D$height and is.factor(D$sex).

> is.factor(D$sex)

[1] T

> D$height

[1] 67 65 69 64 6

15.

> A <- 1:12

> dim(A) <- c(3,4)

> dim(A[,2])

NULL

16.

> x <- (-5):2

> x[x>0] <- 0

> x

[1] -5 -4 -3 -2 -1  0  0  0

17. 

> x <- c(1,3,5,7)

> ifelse(x<3,x,3)

[1] 1 3 3 3

18. 

> total <- 3

> i <- 0

> while(total<9){i<-i+1;total<-total+i}

> i

[1] 3

19. 

> test <- “s”

> x <- pi/2

> switch(test,log=log(x),s=,sin=sin(x),cos(x))

[1] 1

switch evaluates EXPRESSION (the first argument). If the value of EXPRESSION is of mode "character", the function looks among the names of the remaining arguments for one that exactly (not partially) matches the character string (only using the first element of the value). If there is a match, the corresponding argument is evaluated and returned as the value of switch; otherwise the first unnamed argument is evaluated and returned. In the case when EXPRESSION is character, some arguments associated with a name can be omitted; if the value of EXPRESSION matches a name without an argument, the next non-omitted argument is selected - see the examples section.

If the first argument is not character, it is coerced to integer; if it is in the range 1 to nargs()-1, then the corresponding argument from the ... is evaluated and returned as the value of switch.

> x <- 2 

> switch(x, 2+2, print("this one is chosen"), { y <- exp(5); z <- sin(2.1)})

[1] "this one is chosen"

20.

> a <- 5

> f <- function(x){x+a}

> f(1)

[1] 6

21.

> total <- 0

> for(i in (1:6)){if(total==i) break; total <- total + 1} 

> total

[1] 3

22. Write a function to compute the sum of the positive elements in a numerical vector.

> possum <- function(x){sum(x[x>0])}

> possum(c(-1,-1,2,0,4))

[1] 6

23. Write a function to check if the components in a vector are distinct, i.e., whether the components are all different from each other.

> is.distinct <- function(x) {

   n <- length(x)

   if(n == 1)

   return(T)

   for(i in 1:(n-1)){

   for(j in (i+1):n)

       if(x[i] == x[j]) return(F)

   }

   return(T)

}

> is.distinct(c(1,1,2,3))

[1] F

> is.distinct(1:5)

[1] T

> is.distinct(c(“a”,”abc”,”b”,”abc”))

[1] F

Evaluate the last expressions in questions 24 to 27.

24.

> g1 <- function(x){x + g2(x)}

> g2 <- function(x){cat(sys.parent(1),”\n”);x}

> 1+g1(2)

5 

[1] 5

sys.parent returns the index in the list of frames of the parent (i.e., the caller) of the current function. The argument to sys.parent says how many generations to go back (by default, to the caller of the caller of sys.parent).

25.

> prod1 <- 2

> repeat{if(prod1>20) break else prod1 <- prod1 * prod1}

> prod1

[1] 256

26.

> options(warn=0)

> g3 <- function(x){y <- log(x);y+1}

> g3(-1)

[1] NA

Warning messages:

  NAs generated in: log(x)

warn=
the level of strictness at which the system should warn you about non-fatal blemishes. At level 0, the first 50 warnings are collected and at the end of the evaluation these will be printed or (if there are more than 50) a notice will be printed saying how many warnings were generated.  At level 1 warning messages are printed just as they happen, however many there are. At level 2, warnings are converted into errors that terminate the evaluation of the expression. In the other direction, any negative value for warn suppresses all warning messages. Fatal errors, like those generated by calling stop, are inescapable and unaffected by the warn option.

27. 

> x <- c(3,1,1,1,3,3,0,-1,7)

> n.run <- function(x,offset = 2){

      y <- x – offset

   sum(sign(y)[-1] * sign(y)[-length(y)])

}

> n.run(x)

[1] 0

28. Draw in the space below the picture in the graphics window after the following S-plus expressions are evaluated.

> par(mfrow=c(1,2))

> lapply(list(x=c(1,1,1),y=c(1,1)),pie)

mfrow=c(m,n): subsequent figures will be drawn row-by-row in an m by n matrix on the page. This is not a component of the result of par(). Setting this changes mfg, and fty (and mfcol). If m or n is greater than 2, then both cex and mex are set to .5. This changes fig and mfg.
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28. D is a data frame consisting of 2 variables:

[1] "sex" "height"

> sex <- c("m","f","f","m","m")

> height <- c(67,65,69,NA,66)

Write an S-plus expression to compute the average height for each person. Note that height has a missing value. To compute the mean, you need to specify that na.rm=T in the mean function, which means that missing value will be removed before the mean is computed.

> mean(D$height,na.rm=T)

[1] 66.75

29. Evaluate the S-plus expression

> A <- 1:5

> is.matrix(A) && (dim(A)[1]==dim(A)[2])

[1] F

30. What would the result be if && is replaced by &?

> is.matrix(A) & (dim(A)[1]==dim(A)[2])

[1] NA

Returns a logical object with attributes preserved.

31. Write a function which accepts a list as its only argument, and returns a list resulting from deleting the first element of each component in the original list. You may assume that each component in the list is a vector.

> dlist <- function(x){lapply(x,function(y){y[-1]})}

> dlist(list(x1=1:5,x2=4:7))

$x1:

[1] 2 3 4 5

$x2:

[1] 5 6 7

32. Write an S-plus function, which computes the mean of each row of a numerical matrix with the smallest element in each row being omitted from the calculation of the averages.(You may assume that there are more than one columns in the matrix.) The function should accept a matrix as its argument, and returns a vector of the means.

> row.mean <- function(M){apply(M,1,FUN=mean.osmall)}

> mean.osmall <- function(x){(sum(x)-min(x))/(length(x)-1)}

> row.mean(matrix(1:9,ncol=3))

[1] 5.5 6.5 7.5

33. The kurtosis of a data set x1, x2, … , xn is defined as 

((xi - 
[image: image3.wmf])3/(ns3), where s2 is the sample variance. Write an S-plus function to compute the kurtosis of a data set. Assume that the data is passed to the function in the form of a vector, and the data vector is the only argument of your function. You need to check that the data vector is numerical, and that n > 1.

> kurtosis <- function(x){

    if(!is.numeric(x) || length(x) <= 1)

    stop(“data must be numbers, and sample size > 1”)

    mean((x – mean(x))^3)/(var(x)^(3/2))

}

34. It is known from calculus that for any positive number x, limn->( x1/n = 1. Write an S-plus function to find the smallest n for which |x1/n –1| < d, where d is a positive number. Here, your function should have two arguments: x and d. For this question, you need not check the condition that x > 0 and d > 0.

> findn <- function(x,d) {

     n <- 1

     repeat {

        if(abs(x^(1/n) –1) < d)

        break

        n <- n + 1

     }

     n

  }

35. Evaluate the following S-plus expressions.

(a)

> A <- matrix(c(-1,1,-2,3),nrow=2)

> A[,1] + A[,2]

[1] -3  4

(b)

> tapply(c(1,2,3,5),c(0,1,0,1),sum)

0 1 

4 7

tapply(X, INDICES, FUN=<<see below>>, ..., simplify=T)

REQUIRED ARGUMENTS

X vector of data to be grouped by indices. Missing values (

NAs) are allowed if FUN accepts them.

© 

> x <- list(c(1,2,3,4),c(10,2))

> x[[1]] < x[[2]]

[1] T F T F

(d)

> apply(matrix(1:9,byrow=T,ncol=3),1,min)

[1] 1 4 7

36. Write an S-plus function to test if a matrix, say A, is symmetric.

Hint: Use "sum((A –t(A))^2)==0". If A was symmetric, the result will be T, and A is non-symmetric, the result will be F.

> A <- c(5,8,3,4,7,8,6,2,1,5,3,2,1,4,7,4,1,4,2,9,7,5,7,9,2)

> dim(A) <- c(5,5)

> sum((A –t(A))^2)==0

[1] T

37. Write an S-plus function to extract the row of a matrix, say B that contains the maximum value of that matrix.

Hint: Use "BB <- B==max(B)" and "result <- B[apply(BB,1,any),]"

> B <-c(12,53,15,3,5,67,51,34,61,24,51,32,94,35,12,54,32,28,10,6)

> dim(B) <- c(5,4)

> BB <- B==max(B)

BB

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

[1,]    F    F    F    F

[2,]    F    F    F    F

[3,]    F    F    T    F

[4,]    F    F    F    F

[5,]    F    F    F    F

> result <- B[apply(BB,1,any),]

> result

[1] 15 34 94 28

38. Suppose x is an object with named components and out is a character string vector. How would you make a new object obtained from x by excluding any components whose names are in out?

Hint: 

Use "x[-match(out,row.names(as.data.frame(x)),nomatch=0),]".

Application: In a market survey, eight cars –-5 U.S. cars and 3 Japanese cars—- were evaluated by U.S. customers. Three criteria (Economy, Safety, Price Level) were used in survey and each of them was measured in 7-point scale, in which lower score means low evaluations on the corresponding item. The data are summarized with the name of auto.

  Now the researcher wants to make a new data, which contains only U.S. car data by excluding any Japanese cars.

> auto <- c(3,3.5,6.9,5.0,5.7,4.2,4.1,3.0,4.7,4.0,4.2,4.7,5.2,5.4,6.0,6.8,5.0,6.0,4.0,5.8,6.7,6.5,6.0,6.9)

> dim(auto) <- c(8,3)

> dimnames(auto) <- list(c("Saturn","Dodge","Civic","Escort","Accord","Camry","Taurus","Buick"),c("Economy","Safety","Price Level"))

> Japan <- c("Civic","Accord","Camry")

> US <- auto[-match(Japan,row.names(as.data.frame(auto)),nomatch=0),]

US

       Economy Safety Price Level 

Saturn     3.0    4.7         5.0

 Dodge     3.5    4.0         6.0

Escort     5.0    4.7         5.8

Taurus     4.1    6.0         6.0

 Buick     3.0    6.8         6.9

39. Use functions, "EUCL" and "apply", to compute the Euclidean distances between a vector named x and the row vectors of a matrix named M.

EUCL <- function(x,y){sqrt(sum((x-y)2))}

Hint: Use "apply(M,1,EUCL,x)".

> x <- rep(0,8)

> apply(t(auto),1,EUCL,x)

 Economy   Safety Price Level 

13.03073 14.70578    16.77468
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