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1- Introduction
In the context of programming, R refers to:

A high level programming language widely used for statistics and data analysis fields.
An IDE to develop with this language.

R is available as open source software under the GNU GPL.
It supports different OS platforms: Unix-like, Windows, …
R was derived from S language, a previous programming language developed by Bell labs during the 60s and 70s.
It was named after the two creators of the language: Ross Ihaka and Robert gentleman. They started the language development at the
beginning of the 90s at the Okland University.
R was an open source substitution to the S language after the latter commercialization.
The R core team supervises the development of the language which is currently a joint effort by a wide community of contributors
(researchers and developers from different fields: computer science, maths, etc). the community publishes regularly a wide range of libraries
on the official archive named The Comprehensive R Archive Network. It is accessible through:

(https://cran.r-project.org/index.html)
R is an interpreted language.
R is case sensitive.
The main core was written in C, Fortran and R languages.
There are many IDEs supporting the R language. We use the r-studio IDE. r-studio is available on:

(https://www.rstudio.com/)

2- Mathematical operations
R supports the common arithmetic operations and mathematical functionality.
Addition, substraction, multiplication and division can be performed with the symbols +, -, *, / respectively.
The symbol ^ is used for the exponents.
The order of calculations in a single command is controlled by parentheses ().
Standard mathematical rules (PEMDAS) are applied and follow the left-to-right order of operations.

10^2+3*60/8-3

## [1] 119.5

Square root:

sqrt(3)

## [1] 1.732051

sqrt(x = 3)

## [1] 1.732051

Exercice: write R commands for 

- Logarithm and exponential:

log(x = 243, base = 3)

## [1] 5

exp(x = 3)

## [1] 20.08554

- Assignment: <- and = can be both used for variable assignment.

- Special values: - Inf, -Inf: infinity - NaN: not a number - NA: not available - Examples:

(v1 <- Inf + 1)

## [1] Inf

(v2 <- -Inf - 1)

## [1] -Inf

(v1-v2)

## [1] Inf

(v1-v1)

## [1] NaN

(1/v1)

## [1] 0

(v1/1)

## [1] Inf

(v2/v2)

## [1] NaN

is.finite(), is.infinite(), is.nan(), is.na(): functions to check for special values

Exercice: perform operations that involves NaN and NA

3- Data types
All variables have classes. most numbers have class numeric.
class(): function used to find out a class of a variable.

    a <- 5 
    class(a)

## [1] "numeric"

    b <- TRUE 
    class(b)

## [1] "logical"

    c <- "Big Data Management and Analysis" 
    class(c)

## [1] "character"

typeof(), mode(), storage.mode() : functions to get the internal storage of the variable.
Most common classes have their is.*() functions.

is.numeric(a)

## [1] TRUE

is.numeric(c)

## [1] FALSE

is.character(c)

## [1] TRUE

as() or as.*(): functions for casting

n1 <- 5 
is.numeric(n1)

## [1] TRUE

is.double(n1)

## [1] TRUE

n1 <- 5L  
is.numeric(n1)

## [1] TRUE

is.double(n1)

## [1] FALSE

n2 <- "25.250" 
(as(n2,"numeric"))

## [1] 25.25

n3 <- "23.456" 
(as.numeric(n3))

## [1] 23.456

4- Data Structures

4.1. Vectors
we can generate vectors by many ways: - The colon operator : to create a sequence from one number to another

(a <- 1:5)

## [1] 1 2 3 4 5

(b <- 6:10)

## [1]  6  7  8  9 10

the c() function concatentes values.

c(7, 3:12, c(3,9), 13)

##  [1]  7  3  4  5  6  7  8  9 10 11 12  3  9 13

vector(): function that creates a vector of a specified type and length

v1 <- vector("numeric", length = 4) 
v1

## [1] 0 0 0 0

Wrapper function exist for each type

(v1 <- numeric(4))

## [1] 0 0 0 0

(v2 <- logical(4))

## [1] FALSE FALSE FALSE FALSE

(v3 <- character(4))

## [1] "" "" "" ""

(v4 <- complex(4))

## [1] 0+0i 0+0i 0+0i 0+0i

length(): function that returns the length of a vector
nchar(): functions that returns the number of caracters in a string

v1 <- seq.int(1,5,2) 
v2 <- c("ML","R prog","Lin. mod.") 
length(v1)

## [1] 3

length(v2)

## [1] 3

nchar(v2)

## [1] 2 6 9

we can assign a new length to a vector bu it is not recommended (bad code)

names():
Elements can be labeled during the creation of the vector.
Also with the function names()

v1 <- c(firstname = "Ali", familyname = "Amine", age = 25) 
v2 <- c("Fares", "Wassim", 23) 
v2

## [1] "Fares"  "Wassim" "23"

names (v2) <- c("firstname","familyname","age") 
v1

##  firstname familyname        age  
##      "Ali"    "Amine"       "25"

v2

##  firstname familyname        age  
##    "Fares"   "Wassim"       "23"

Indexing vectors
Acces the elements within a vector (subsetting, subscripting, slicing).
Various choices of index:

passing a vactor of positive numbers returns the slice of the vector containing the elements at those locations.

passing a vector of negative numbers returns the slice of the vector containing the elements everywhere except at those locations.

passing a logical vector returns the slice of the vector containing the elements where the index is true.

For named vectors, passing a character vector of names returns the slice of the vector containing the elements with those names.

(v1 <- (1:5)^2) 

## [1]  1  4  9 16 25

v1[c(1,3,5)]

## [1]  1  9 25

v1[c(-2,-4)]

## [1]  1  9 25

v1[c(TRUE,FALSE,TRUE,FALSE,TRUE)]

## [1]  1  9 25

with naming

names(v1) <- c("one","four","nine","sixteen","twenty five") 
v1[c("one","nine","twenty five")]

##         one        nine twenty five  
##           1           9          25

mixing positive and negative values throws an error
with positive and logical indices, missing index correspond to a missing value.
missing index with negative index throws an error.
out of range indices returns a missing value.
noninteger indices are rounded toward zero (bad code).
not passing an index returns the whole (be careful).

v1[c(1,NA,3)]

##  one <NA> nine  
##    1   NA    9

v1[c(6)]

## <NA>  
##   NA

v1[c(1.7)]

## one  
##   1

v1[c(-3.5)]

##         one        four     sixteen twenty five  
##           1           4          16          25

v1[]

##         one        four        nine     sixteen twenty five  
##           1           4           9          16          25

- which(): function that returns the locations where a logical vector is true.

which(v1 > 10)

##     sixteen twenty five  
##           4           5

- which.min() and which.max(): shortcuts for min and max.

Vectors recycling and repetition
Exercice:

Execute and explain the following commands

1:5 + 1
1 + 1:5
1:5 + 1:15
1:5 + 1:7
rep(1:5,3)
rep(1:5, each = 3)
rep(1:5, times = 1:5)
rep(1:5, length.out = 7)

4.2. Matrices and Arrays
Arrays hold multidimentional rectangular data.

Rectangular means that each row is the same length and likewise for each column.

array(): function that creates an array, passing in a vector of values and a vector of dimensions, dimension can be named optionally.

array_3d <- array(1:24, dim = c(4,3,2)) 
array_3d

## , , 1 
##  
##      [,1] [,2] [,3] 
## [1,]    1    5    9 
## [2,]    2    6   10 
## [3,]    3    7   11 
## [4,]    4    8   12 
##  
## , , 2 
##  
##      [,1] [,2] [,3] 
## [1,]   13   17   21 
## [2,]   14   18   22 
## [3,]   15   19   23 
## [4,]   16   20   24

class(array_3d)

## [1] "array"

matrix(): used to create matrices.

mat <- matrix(1:12, nrow = 4, ncol = 3) 
mat

##      [,1] [,2] [,3] 
## [1,]    1    5    9 
## [2,]    2    6   10 
## [3,]    3    7   11 
## [4,]    4    8   12

class(mat)

## [1] "matrix"

raws, columns and dimensions
dim(): fucction that returns a vector of integers of the dimensions of the variables

dim(array_3d)

## [1] 4 3 2

dim(mat)

## [1] 4 3

nrow() and ncol(): return the number of rows and columns of a matrix respectively and the first and second dimensions of an array
respectively.

nrow(mat)

## [1] 4

ncol(mat)

## [1] 3

nrow(array_3d)

## [1] 4

ncol(array_3d)

## [1] 3

length: returns the product of of each of the dimensions

length(mat)

## [1] 12

length(array_3d)

## [1] 24

reshape a matrix or array by assigning a new dimension with dim()

dim(mat) <- c(6,2) 
mat

##      [,1] [,2] 
## [1,]    1    7 
## [2,]    2    8 
## [3,]    3    9 
## [4,]    4   10 
## [5,]    5   11 
## [6,]    6   12

Exercice: apply the following function on the vector v = (0,1,3,7,10,-1)
nrow(), ncol(), NROW() and NCOL()

rownames(), colnames(): functions that are used to name elements of matrix in rows and columns respectively.
dimnames(): same for arrays.

dim(mat) <- c(4,3) 
mat

##      [,1] [,2] [,3] 
## [1,]    1    5    9 
## [2,]    2    6   10 
## [3,]    3    7   11 
## [4,]    4    8   12

rownames(mat) <- c("one","two","three","four") 
colnames(mat) <- c("un","deux","trois") 
mat

##       un deux trois 
## one    1    5     9 
## two    2    6    10 
## three  3    7    11 
## four   4    8    12

- Array indexing:

mat

##       un deux trois 
## one    1    5     9 
## two    2    6    10 
## three  3    7    11 
## four   4    8    12

mat[1,3]

## [1] 9

mat[2,2:3]

##  deux trois  
##     6    10

mat[3,]

##    un  deux trois  
##     3     7    11

mat[,1]

##   one   two three  four  
##     1     2     3     4

mat[3,c("un","trois")]

##    un trois  
##     3    11

Combining matices:

The c() function converts matrices into vectors and concatenate them.
cbind() and rbind(): combine two matrices.
Apply

4.3. Lists
Lists are a data type that allows the combination different types of data in a single variable.
Created with the function list(), specifying the content.
list the content with each argument seperated by comma.
list elements can be any variable type, vectors, matrices, even functions.

list1 <- list(1:5, mat, month.name, sqrt) 
list1

## [[1]] 
## [1] 1 2 3 4 5 
##  
## [[2]] 
##       un deux trois 
## one    1    5     9 
## two    2    6    10 
## three  3    7    11 
## four   4    8    12 
##  
## [[3]] 
##  [1] "January"   "February"  "March"     "April"     "May"       "June"      
##  [7] "July"      "August"    "September" "October"   "November"  "December"  
##  
## [[4]] 
## function (x)  .Primitive("sqrt")

names() function can be used to name the elements, you can also name them during the construction.

names(list1) <- c("Sequence", "matrix", "months", "squared root fct") 
list1

## $Sequence 
## [1] 1 2 3 4 5 
##  
## $matrix 
##       un deux trois 
## one    1    5     9 
## two    2    6    10 
## three  3    7    11 
## four   4    8    12 
##  
## $months 
##  [1] "January"   "February"  "March"     "April"     "May"       "June"      
##  [7] "July"      "August"    "September" "October"   "November"  "December"  
##  
## $`squared root fct` 
## function (x)  .Primitive("sqrt")

lists can also contains other lists.

list_of_lists <- list( 
    fst_lst = list(inner_list <- list(v1, mat), scnd_inner  <- list(v2)), 
    scnd_lst = list(mat, array_3d) 
    ) 
list_of_lists

## $fst_lst 
## $fst_lst[[1]] 
## $fst_lst[[1]][[1]] 
##         one        four        nine     sixteen twenty five  
##           1           4           9          16          25  
##  
## $fst_lst[[1]][[2]] 
##       un deux trois 
## one    1    5     9 
## two    2    6    10 
## three  3    7    11 
## four   4    8    12 
##  
##  
## $fst_lst[[2]] 
## $fst_lst[[2]][[1]] 
##  firstname familyname        age  
##    "Fares"   "Wassim"       "23"  
##  
##  
##  
## $scnd_lst 
## $scnd_lst[[1]] 
##       un deux trois 
## one    1    5     9 
## two    2    6    10 
## three  3    7    11 
## four   4    8    12 
##  
## $scnd_lst[[2]] 
## , , 1 
##  
##      [,1] [,2] [,3] 
## [1,]    1    5    9 
## [2,]    2    6   10 
## [3,]    3    7   11 
## [4,]    4    8   12 
##  
## , , 2 
##  
##      [,1] [,2] [,3] 
## [1,]   13   17   21 
## [2,]   14   18   22 
## [3,]   15   19   23 
## [4,]   16   20   24

tens of thousands levels of nesting are possible before throwing an error.
lists are recursive variables in contrast of vectors and matrices which are atomic variables

is.atomic(mat)

## [1] TRUE

is.recursive(list1)

## [1] TRUE

length() function returns the length of the list which is the number of top-level elements that it contains.

length(list_of_lists)

## [1] 2

lists dont have dimensions.
it is possible to do arithmetic on list elements and not on lists because each element can be of a different type.

Indexing lists

Same as vectors, brackets with positive or negative numeric indices, element names or logical index all can be used.
The result of these indexing operations is another list.

list2 <- list(first_name = "Abdelkader", family_name = "Ali", grades = c(14.5,12,9)) 
list2

## $first_name 
## [1] "Abdelkader" 
##  
## $family_name 
## [1] "Ali" 
##  
## $grades 
## [1] 14.5 12.0  9.0

list2[-2]

## $first_name 
## [1] "Abdelkader" 
##  
## $grades 
## [1] 14.5 12.0  9.0

class(list2[-2])

## [1] "list"

When we need to access the contents of the list elements we can use [[]] or $ operators.

(f_name <- list2[[1]])

## [1] "Abdelkader"

(R_grade <- list2$grades[1])

## [1] 14.5

is.list(list2[1])

## [1] TRUE

is.list(list2[[1]])

## [1] FALSE

class(list2[[1]])

## [1] "character"

the $ operator is used for named elements of lists and R accept partial matches of element names

list2$g[1]

## [1] 14.5

To access nested elements we can
stack up the square brackets.
pass in a vector (less common and usually hard to read)

l <- list( 
  first = 1, 
  second = 2, 
  third = list( 
    alpha = 3.1, 
    beta =  3.2 
  ) 
) 
 
l

## $first 
## [1] 1 
##  
## $second 
## [1] 2 
##  
## $third 
## $third$alpha 
## [1] 3.1 
##  
## $third$beta 
## [1] 3.2

l[["third"]]["beta"]

## $beta 
## [1] 3.2

is.list(l[["third"]]["beta"])

## [1] TRUE

l[["third"]][["beta"]]

## [1] 3.2

is.list(l[["third"]][["beta"]])

## [1] FALSE

l[[c("third","beta")]]

## [1] 3.2

is.list(l[[c("third","beta")]])

## [1] FALSE

Since the last example has named elements, the use of $ operator can make it easier to read the access the nested elements.

When trying to access non existent elements, the behavior can be:
using single square-bracket indexing, the resulting list has an element with the value NULL (and name NA, if the list has names)

l[c(4,2,5)]

## $<NA> 
## NULL 
##  
## $second 
## [1] 2 
##  
## $<NA> 
## NULL

incorrect names with double-squared or $ lead to NULL

l[["fourth"]]

## NULL

incorrect numerical index throws an error (subscript out of bounds)

## l[[4]] 
 
## Error in l[[4]] : subscript out of bounds

Converting between vectors and lists

as.list() function is used to convert vectors to lists. It constructs a list with each element of the vector mapping to list element containing one
value.

l_conv <- as.list(v1) 
l_conv

## $one 
## [1] 1 
##  
## $four 
## [1] 4 
##  
## $nine 
## [1] 9 
##  
## $sixteen 
## [1] 16 
##  
## $`twenty five` 
## [1] 25

**as.*()** functions can be used to convert lists to vectors.
as an example, as.numeric() function is used to convert a list to a numeric vector if each element of the list contains a scalar value.

(v_conv <- as.numeric(l_conv))

## [1]  1  4  9 16 25

if the list contains nonscalar elements, it is converted to vector using the unlist() function.

l_con <- list(one = 1, two = c(2,1), three = 3, eight = c(4,2)) 
l_con

## $one 
## [1] 1 
##  
## $two 
## [1] 2 1 
##  
## $three 
## [1] 3 
##  
## $eight 
## [1] 4 2

v_unlisted <- unlist(l_con) 
v_unlisted

##    one   two1   two2  three eight1 eight2  
##      1      2      1      3      4      2

Using this function with mixed-type list is possible but rarely useful.

Combining lists

Lists can be combined using the c() function.

l_comb <- c(list(x = 2, y = 5),list(TRUE)) 
l_comb

## $x 
## [1] 2 
##  
## $y 
## [1] 5 
##  
## [[3]] 
## [1] TRUE

If lists are combined with vectors, the vectors are converted to lists.
cbind() and rbind() functions can be used on lists. The results could be:

matrices with possibly nonscalar elements.
lists with dimensions.

mat_list <- cbind(list(a = 1, b = 2),  
                  list(c = 3, list(d = 4))) 
mat_list

##   [,1] [,2]   
## a 1    3      
## b 2    List,1

str(mat_list)

## List of 4 
##  $ : num 1 
##  $ : num 2 
##  $ : num 3 
##  $ :List of 1 
##   ..$ d: num 4 
##  - attr(*, "dim")= int [1:2] 2 2 
##  - attr(*, "dimnames")=List of 2 
##   ..$ : chr [1:2] "a" "b" 
##   ..$ : NULL

It is not recommended to use these possibilities.

NULL with lists

The special value NULL which represent an empty variable is most commonly used with lists.
It is used to specify elements with no content within the list.

l_study_S1 <- list( 
  UEF_c1 = "Introduction to Linear Models", 
  UEF_c2 = "Introduction to Data Mining", 
  UEF_c3 = "Combinatory Optimization", 
  UEM_c1 = "Modeling and Learning Methodes", 
  UEM_c2 = "Programming in R Language", 
  UET_c1 = "Internet Tools 1", 
  UET_c2 = "Communication", 
  UED_c1 = NULL, 
  UED_c2 = NULL 
) 
 
l_study_S1

## $UEF_c1 
## [1] "Introduction to Linear Models" 
##  
## $UEF_c2 
## [1] "Introduction to Data Mining" 
##  
## $UEF_c3 
## [1] "Combinatory Optimization" 
##  
## $UEM_c1 
## [1] "Modeling and Learning Methodes" 
##  
## $UEM_c2 
## [1] "Programming in R Language" 
##  
## $UET_c1 
## [1] "Internet Tools 1" 
##  
## $UET_c2 
## [1] "Communication" 
##  
## $UED_c1 
## NULL 
##  
## $UED_c2 
## NULL

NULL is different from NA, it has no space at all (zero length). NA is a scalar value.

length(NULL)

## [1] 0

length(NA)

## [1] 1

is.null(NA)

## [1] FALSE

is.na(NULL)

## logical(0)

Elements are removed from the list using NULL

l_study <- l_study_S1 
message("before removing")

## before removing

l_study

## $UEF_c1 
## [1] "Introduction to Linear Models" 
##  
## $UEF_c2 
## [1] "Introduction to Data Mining" 
##  
## $UEF_c3 
## [1] "Combinatory Optimization" 
##  
## $UEM_c1 
## [1] "Modeling and Learning Methodes" 
##  
## $UEM_c2 
## [1] "Programming in R Language" 
##  
## $UET_c1 
## [1] "Internet Tools 1" 
##  
## $UET_c2 
## [1] "Communication" 
##  
## $UED_c1 
## NULL 
##  
## $UED_c2 
## NULL

l_study$UEM_c2 <- NULL 
message("after removing")

## after removing

l_study

## $UEF_c1 
## [1] "Introduction to Linear Models" 
##  
## $UEF_c2 
## [1] "Introduction to Data Mining" 
##  
## $UEF_c3 
## [1] "Combinatory Optimization" 
##  
## $UEM_c1 
## [1] "Modeling and Learning Methodes" 
##  
## $UET_c1 
## [1] "Internet Tools 1" 
##  
## $UET_c2 
## [1] "Communication" 
##  
## $UED_c1 
## NULL 
##  
## $UED_c2 
## NULL

The last operation removed completely the element from the list. In order to set the element to NULL without removing it, it must be set to
list(NULL).

l_study <- l_study_S1 
message("before emptying the element")

## before emptying the element

l_study

## $UEF_c1 
## [1] "Introduction to Linear Models" 
##  
## $UEF_c2 
## [1] "Introduction to Data Mining" 
##  
## $UEF_c3 
## [1] "Combinatory Optimization" 
##  
## $UEM_c1 
## [1] "Modeling and Learning Methodes" 
##  
## $UEM_c2 
## [1] "Programming in R Language" 
##  
## $UET_c1 
## [1] "Internet Tools 1" 
##  
## $UET_c2 
## [1] "Communication" 
##  
## $UED_c1 
## NULL 
##  
## $UED_c2 
## NULL

l_study["UEM_c2"] <- list(NULL) 
message("after emptying the element")

## after emptying the element

l_study

## $UEF_c1 
## [1] "Introduction to Linear Models" 
##  
## $UEF_c2 
## [1] "Introduction to Data Mining" 
##  
## $UEF_c3 
## [1] "Combinatory Optimization" 
##  
## $UEM_c1 
## [1] "Modeling and Learning Methodes" 
##  
## $UEM_c2 
## NULL 
##  
## $UET_c1 
## [1] "Internet Tools 1" 
##  
## $UET_c2 
## [1] "Communication" 
##  
## $UED_c1 
## NULL 
##  
## $UED_c2 
## NULL

R has another type of lists, the pairlist. It is used internally to pass arguments into functions.

4.4. Data Frames
DF are used to store spreadsheet-like data.

matrices shape where each column can store a different type pf data.
unnested lists where each element is of the same length.

DF are built using the data.frame() function.

DF_students <- data.frame(First_names = character(26),  
                          last_names = character(26), 
                          UEF_c1 = character(26), 
                          Exam_grade = double(26), 
                          Projects_grade = double(26), 
                          average = double(26) 
                          ) 
DF_students

##    First_names last_names UEF_c1 Exam_grade Projects_grade average 
## 1                                         0              0       0 
## 2                                         0              0       0 
## 3                                         0              0       0 
## 4                                         0              0       0 
## 5                                         0              0       0 
## 6                                         0              0       0 
## 7                                         0              0       0 
## 8                                         0              0       0 
## 9                                         0              0       0 
## 10                                        0              0       0 
## 11                                        0              0       0 
## 12                                        0              0       0 
## 13                                        0              0       0 
## 14                                        0              0       0 
## 15                                        0              0       0 
## 16                                        0              0       0 
## 17                                        0              0       0 
## 18                                        0              0       0 
## 19                                        0              0       0 
## 20                                        0              0       0 
## 21                                        0              0       0 
## 22                                        0              0       0 
## 23                                        0              0       0 
## 24                                        0              0       0 
## 25                                        0              0       0 
## 26                                        0              0       0

All the elements within a column have the same type.
Rows have been automatically numbered, if any of the input vectors had names, then the row names are taken from the first one.

(first_n <- character(26))

##  [1] "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
## [26] ""

(last_n <- character(26))

##  [1] "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
## [26] ""

names(first_n) <- letters 
names(last_n) <- LETTERS 
first_n

##  a  b  c  d  e  f  g  h  i  j  k  l  m  n  o  p  q  r  s  t  u  v  w  x  y  z  
## "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" ""

last_n

##  A  B  C  D  E  F  G  H  I  J  K  L  M  N  O  P  Q  R  S  T  U  V  W  X  Y  Z  
## "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" ""

DF_students <- data.frame(First_names = first_n,  
                          last_names = last_n, 
                          UEF_c1 = character(26), 
                          Exam_grade = double(26), 
                          Projects_grade = double(26), 
                          average = double(26) 
                          ) 
DF_students

##   First_names last_names UEF_c1 Exam_grade Projects_grade average 
## a                                        0              0       0 
## b                                        0              0       0 
## c                                        0              0       0 
## d                                        0              0       0 
## e                                        0              0       0 
## f                                        0              0       0 
## g                                        0              0       0 
## h                                        0              0       0 
## i                                        0              0       0 
## j                                        0              0       0 
## k                                        0              0       0 
## l                                        0              0       0 
## m                                        0              0       0 
## n                                        0              0       0 
## o                                        0              0       0 
## p                                        0              0       0 
## q                                        0              0       0 
## r                                        0              0       0 
## s                                        0              0       0 
## t                                        0              0       0 
## u                                        0              0       0 
## v                                        0              0       0 
## w                                        0              0       0 
## x                                        0              0       0 
## y                                        0              0       0 
## z                                        0              0       0

This naming can be ignored by setting the parameter row.names to NULL.

DF_students <- data.frame(First_names = first_n,  
                          last_names = last_n, 
                          UEF_c1 = character(26), 
                          Exam_grade = double(26), 
                          Projects_grade = double(26), 
                          average = double(26), 
                          row.names = NULL 
                          ) 
DF_students

##    First_names last_names UEF_c1 Exam_grade Projects_grade average 
## 1                                         0              0       0 
## 2                                         0              0       0 
## 3                                         0              0       0 
## 4                                         0              0       0 
## 5                                         0              0       0 
## 6                                         0              0       0 
## 7                                         0              0       0 
## 8                                         0              0       0 
## 9                                         0              0       0 
## 10                                        0              0       0 
## 11                                        0              0       0 
## 12                                        0              0       0 
## 13                                        0              0       0 
## 14                                        0              0       0 
## 15                                        0              0       0 
## 16                                        0              0       0 
## 17                                        0              0       0 
## 18                                        0              0       0 
## 19                                        0              0       0 
## 20                                        0              0       0 
## 21                                        0              0       0 
## 22                                        0              0       0 
## 23                                        0              0       0 
## 24                                        0              0       0 
## 25                                        0              0       0 
## 26                                        0              0       0

The parameter can also recieve a vector containing specific row names, that vector is converted to character if it is from another type.

(first_n <- character(26))

##  [1] "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
## [26] ""

(last_n <- character(26))

##  [1] "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
## [26] ""

first_n

##  [1] "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
## [26] ""

last_n

##  [1] "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" 
## [26] ""

DF_students <- data.frame(First_names = first_n,  
                          last_names = last_n, 
                          UEF_c1 = character(26), 
                          Exam_grade = double(26), 
                          Projects_grade = double(26), 
                          average = double(26), 
                          row.names = LETTERS 
                          ) 
DF_students

##   First_names last_names UEF_c1 Exam_grade Projects_grade average 
## A                                        0              0       0 
## B                                        0              0       0 
## C                                        0              0       0 
## D                                        0              0       0 
## E                                        0              0       0 
## F                                        0              0       0 
## G                                        0              0       0 
## H                                        0              0       0 
## I                                        0              0       0 
## J                                        0              0       0 
## K                                        0              0       0 
## L                                        0              0       0 
## M                                        0              0       0 
## N                                        0              0       0 
## O                                        0              0       0 
## P                                        0              0       0 
## Q                                        0              0       0 
## R                                        0              0       0 
## S                                        0              0       0 
## T                                        0              0       0 
## U                                        0              0       0 
## V                                        0              0       0 
## W                                        0              0       0 
## X                                        0              0       0 
## Y                                        0              0       0 
## Z                                        0              0       0

Similar to matrices, the row names can also be retrieved changed after the construction using the function rownames() or row.names().
The functions colnames and dimnames can be used similarily for columns.
Functions that can be used to inspect matrices such as dim(), ncol and nrow can also be used with data frames.

colnames(DF_students)

## [1] "First_names"    "last_names"     "UEF_c1"         "Exam_grade"     
## [5] "Projects_grade" "average"

rownames(DF_students)

##  [1] "A" "B" "C" "D" "E" "F" "G" "H" "I" "J" "K" "L" "M" "N" "O" "P" "Q" "R" "S"
## [20] "T" "U" "V" "W" "X" "Y" "Z"

dimnames(DF_students)

## [[1]] 
##  [1] "A" "B" "C" "D" "E" "F" "G" "H" "I" "J" "K" "L" "M" "N" "O" "P" "Q" "R" "S"
## [20] "T" "U" "V" "W" "X" "Y" "Z" 
##  
## [[2]] 
## [1] "First_names"    "last_names"     "UEF_c1"         "Exam_grade"     
## [5] "Projects_grade" "average"

dim(DF_students)

## [1] 26  6

nrow(DF_students)

## [1] 26

ncol(DF_students)

## [1] 6

Be careful about length() and names() functions, they return the same values as ncol() and colnames() respectively. For clarity of code,
avoiding them is recommended.

length(DF_students)

## [1] 6

names(DF_students)

## [1] "First_names"    "last_names"     "UEF_c1"         "Exam_grade"     
## [5] "Projects_grade" "average"

It is possible to create data frames by passing vectors with different lengths, in this case the recycling is possible if the lowest common
multiple of all the lengths must be equal to the longest vector.

data_f <- data.frame( 
  x = 1, 
  y = 2:3, 
  z = 4:7 
) 
data_f

##   x y z 
## 1 1 2 4 
## 2 1 3 5 
## 3 1 2 6 
## 4 1 3 7

If the lenghts are not compatible, then an error will be thrown.
When data frames are built, the column names -by default- set to be unique and valid variable names. This can be changed by setting the
parameter check.names to FALSE. This change is to be avoided.

Indexing Data Frames

The four different vector indices (positive, negative, logicals and charachters) can be used with data frames in exactly the same way with
matrices.

data_fr <- data.frame( 
  x = letters[1:5], 
  y = rnorm(5), 
  z = rnorm(5) > 0.5 
) 
data_fr

##   x          y     z 
## 1 a -0.7568323  TRUE 
## 2 b  0.6189937  TRUE 
## 3 c -0.1116704 FALSE 
## 4 d -0.6412990 FALSE 
## 5 e -1.0314675  TRUE

data_fr[2:3,-3]

##   x          y 
## 2 b  0.6189937 
## 3 c -0.1116704

data_fr[c(FALSE,TRUE,TRUE,FALSE,FALSE), c("x","y")]

##   x          y 
## 2 b  0.6189937 
## 3 c -0.1116704

The list indices operators ($ and [[]]) can be used if we want to select one column.

data_fr[[1]][2:3]

## [1] b c 
## Levels: a b c d e

data_fr$x[2:3]

## [1] b c 
## Levels: a b c d e

data_fr[["x"]][2:3]

## [1] b c 
## Levels: a b c d e

4.5. Conditions and loops
Flow control instructions of R are functions
if and else

if takes a logical vector of length 1 and execute the next statement only if that value is TRUE. -Example:

if (TRUE) message("It's true")

## It's true

Missing values are allowed as parameters of the if

# if (NA) message("I dont know")

Missing values should be controlled.

if (is.na(NA)) message("It's a missing value")

## It's a missing value

For clarity of code, some styles guide recommend always using curly braces.

x <- 3 
if (x > 2) 
{ 
  y <- x + 2 
}

if else
The esle statement must occur at the same line as the closing curly brace from the if clause

if (FALSE) 
{ 
  message("no execution") 
} else 
{ 
  message("execution") 
}

## execution

multiple conditions can be obtained by combining if and else repeatedly.
if and else must be seperated.

grade <- 10 
 
if (grade < 10) 
{ 
  message("failed") 
} else if (grade >= 10 && grade <= 15) 
{ 
  message("success, good") 
} else 
{ 
  message("success, very good") 
}

## success, good

a special manipulation in R can reorder the code and do conditional assignment

x <- 1  
(num_t <- if (x %% 2 == 0) "Even number" else "odd number")

## [1] "odd number"

Vectorized if:
if you pass a logical vector with a length more than 1 using if, R will launch a warning and use only the first one

(x <- 1:7) 

## [1] 1 2 3 4 5 6 7

(num_t <- if (x[] %% 2 == 0) "Even number" else "odd number")

## Warning in if (x[]%%2 == 0) "Even number" else "odd number": the condition has 
## length > 1 and only the first element will be used

## [1] "odd number"

- instead, we can use the function **ifelse** which is a vectorized flow control function. 
- 3 arguments are passed: 
  - a logical vector 
  - values that are returned when the vector is true 
  - velues that are returned when the vector is false

(x <- 1:7)

## [1] 1 2 3 4 5 6 7

x[] %% 2

## [1] 1 0 1 0 1 0 1

ifelse (x[] %% 2 == 0, "Even number","odd number")

## [1] "odd number"  "Even number" "odd number"  "Even number" "odd number"  
## [6] "Even number" "odd number"

ifelse can also accept vectors int the second and third argument. They should be the same size as the first one, otherwise they will be
recycled or ignored.

(x <- 1:10)

##  [1]  1  2  3  4  5  6  7  8  9 10

x[] %% 2

##  [1] 1 0 1 0 1 0 1 0 1 0

ifelse (x[] %% 2 == 0, 1:3 ,-1:-10)

##  [1] -1  2 -3  1 -5  3 -7  2 -9  1

if there are missing values in the condition then the corresponding results will be missing

(x <- 1:10)

##  [1]  1  2  3  4  5  6  7  8  9 10

x[] %% 2

##  [1] 1 0 1 0 1 0 1 0 1 0

x[c(6,7)] <- NA 
x

##  [1]  1  2  3  4  5 NA NA  8  9 10

ifelse (x[] %% 2 == 0, 1:3 ,-1:-10)

##  [1] -1  2 -3  1 -5 NA NA  2 -9  1

Loops
R offers 3 types of loops: repeat, while, for
vectorization minimizes the need for loops.

-repeat loop: - the form of this loop is illustrated by the following example

v1

##         one        four        nine     sixteen twenty five  
##           1           4           9          16          25

i <- 1 
repeat{ 
  message ("iteration N°: ", i) 
  x <- v1[i]^2  
  message ("x = ", x) 
  if (v1[i] %% 2 == 0) { 
     message("End of the loop") 
     break 
  } 
  i<-i + 1 
}

## iteration N°: 1

## x = 1

## iteration N°: 2

## x = 16

## End of the loop

We can use next to skip the current iteration and pass to the next one

v1

##         one        four        nine     sixteen twenty five  
##           1           4           9          16          25

i <- 1 
repeat{ 
   
  if (i > length(v1)){ 
    message("End of the loop") 
    break 
  } 
     
  if (v1[i] %% 2 == 0 && i <= length(v1)) { 
     message("passing to the next iteration") 
     i <- i + 1 
     next 
  } 
   
  message ("iteration N°: ", i) 
  x <- v1[i]^2  
  message ("x = ", x) 
  i<-i + 1 
   
}

## iteration N°: 1

## x = 1

## passing to the next iteration

## iteration N°: 3

## x = 81

## passing to the next iteration

## iteration N°: 5

## x = 625

## End of the loop

- while loop:

Check first then execute.

i <- 1 
while(i <= length(v1)){ 
  if (v1[i] %% 2 != 0){ 
  message ("iteration N°: ", i) 
  x <- v1[i]^2  
  message ("x = ", x) 
  } 
   
  i <- i + 1 
}

## iteration N°: 1

## x = 1

## iteration N°: 3

## x = 81

## iteration N°: 5

## x = 625

while and repeat loops can be converted one to another.

- for loops:

It can be used when the exact number of iterations is known.
for accepts an iterator variable and a vector, it loops giving the iterator each element from the vector in turn.
vector of integer elements is the simplest case.

1:5

## [1] 1 2 3 4 5

for (i in 1:5){ 
  message ("i = ", i) 
}

## i = 1

## i = 2

## i = 3

## i = 4

## i = 5

we can pass character vectors, logical vectors or lists.

v2

##  firstname familyname        age  
##    "Fares"   "Wassim"       "23"

for (i in v2) 
  message ("value = ",i)

## value = Fares

## value = Wassim

## value = 23

with logicals

vl <- logical(5) 
vl

## [1] FALSE FALSE FALSE FALSE FALSE

class(vl)

## [1] "logical"

for (i in vl){ 
  message("the statement is: ", i) 
}

## the statement is: FALSE 
## the statement is: FALSE 
## the statement is: FALSE 
## the statement is: FALSE 
## the statement is: FALSE
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